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Abstract

Purpose The morbidity rate of arteriosclerosis becomes
clinically manifested as acute cardiovascular events. In the
progress of atherosclerosis, the carotid artery calcifies and
sometimes appears as a calcified mass on a cephalometric
radiograph. This study was designed to evaluate cardiovas-
cular risks according to the Framingham Risk Score (FRS)
between subjects with and without visible carotid artery
calcification on a cephalogram.

Methods Subjects diagnosed with obstructive sleep apnea
(OSA) were divided into two groups according to whether
or not calcification was visible on a cephalometric radiograph
in the carotid artery area, and the characteristic differences
between the two groups were analyzed. The evaluated
variables included age, BMI, apnea—hypopnea index (AHI),
SpO,, ESS, blood pressure, medication history, diabetes mel-
litus (DM), drinking, smoking, and lipid-related measure-
ments. FRSs for stroke, general cardiovascular disease
(GCD), and coronary heart disease (CHD) were calculated.
Statistical analyses were performed (SPSS 18.0) with signif-
icance defined as a two-tailed p value less than 0.05.

Results A total of 811 subjects completed the data collection
(727 males, age 53.0+12.5 years, AHI 31.7+22.6, times/h).
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From FRSs, probabilities of a GCD, stroke, and CHD within
10 years were 16.0+9.7, 9.8+£6.7, and 11.9+8.3 %, respec-
tively. Some 84 subjects exhibited calcification in the carotid
arterial area. Calcification subjects were higher GCD risk and
older than subjects who had no identified calcification (20.3+
10.1 vs 15.6+20.3 %, p=0.013, 58.8+11.4 vs. 52.3+
12.5 years, p<0.001). Although there is no significant differ-
ence in OSA-related variables and FRSs, subjects with visible
calcifications have higher prevalence of high blood pressure
medication and DM (p<0.01).

Conclusion While the presence of a calcified mass on a
cephalometric radiograph is not diagnostic of atherosclero-
sis, this information indicates some cardiovascular risk.

Keywords Atherosclerosis - Calcification - Sleep apnea -
Radiograph

Introduction

Obstructive sleep apnea (OSA) is highly prevalent in
patients with established cardiovascular disease [1-3]. Al-
though there are various pathways by which the symptoms
of OSA may induce atherosclerosis, one of the mechanisms
is thought to be the mechanical stress from vibrations [4]
induced by snoring. Many epidemiologic studies have dem-
onstrated an association between snoring and strokes [5-9],
and have shown that the strength of this association is on par
with traditional stroke risk factors such as hypertension,
smoking, atrial fibrillation, and hypercholesterolaecmia
[10]. Hedner et al. proposed that the possible mechanism
by which snoring could precipitate an embolic stroke is
through vibrations transmitted to the arterial wall. If sleep
apnea is involved in the development of atherosclerosis,
mechanical factors such as vibration may well promote this
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atherosclerosis by causing repetitive injury to the wall of the
carotid arteries [11]. Lee et al. quantified snoring in a sleep
lab and evaluated it with atherosclerosis in both the bilateral
carotid and femoral arteries. After adjustment for age, sex,
smoking history, and hypertension, this study demonstrated
that heavy snoring was significantly associated with carotid
atherosclerosis but not with femoral atherosclerosis. It was
concluded that heavy snoring significantly increases the risk
of carotid atherosclerosis. This increase was found to be
independent of other risk factors, including nocturnal hyp-
oxia and obstructive sleep apnea severity [12]. Furthermore,
in a study on rabbits, it was demonstrated that pressure
vibrations occur in the tissues surrounding the carotid artery
wall during snoring and are transmitted to the carotid artery
lumen itself [13]. In addition, recently Cho and colleges
reported that carotid arteries subjected to 6 h of continuous
peri-carotid vibration exhibited the reduction of endothelial
function, suggesting a direct plausible mechanism linking
snoring to the development of carotid atherosclerosis[14]. In
general, as the arteriosclerosis progresses, the calcification
on the vascular system frequently increases. Allison et al.
reported that carotid calcification can be significantly corre-
lated with the carotid intimal medial thickness [15], which is
a useful marker for investigating the degree of early athero-
sclerosis [16]. Recently, many reports focus on continuous
positive airway pressure (CPAP) effects for cardiovascular
functions, and revealed the relationship between CPAP and
cerebral blood flow or carotid—femoral pulse wave velocity
[17, 18].

In dental clinics, dentists often obtain panoramic or ceph-
alometric radiographs for diagnosis or the follow-up of
patient oral symptoms. Many reports have examined carotid
artery calcification (CAC) on panoramic dental radiographs
[19-21], and these reports have found the prevalence of
CAC in the general dental population to be 0.8 % [20].
Cohen et al. examined and followed patients whose pano-
ramic radiographs showed carotid calcification, and these
investigators demonstrated that 86 % of patients had pre-
existing risk factors, and 34 % had major end points of
myocardial infarction, stroke, or death in an average mean
time of 2.7 years [19]. Friedlander examined cerebrovascu-
lar accident patients, and found the CAC in 37 % of subjects
[21]. Although some articles report that panoramic radio-
graphs have moderate diagnostic accuracy in the detection
of CAC, when compared to ultrasound [22] or CT [23],
many calcifications shown on the panoramic radiographs
were confirmed as CAC by ultrasonographic tests [24, 25].

When oral appliance therapy for OSA is indicated, the
dentist obtains a cephalometric radiograph to analyze the
patient’s craniofacial characteristics, to monitor side effects,
and the appearance of carotid artery calcification will some-
times be identified. Although the prevalence or importance
of calcification is unclear, the information may be help in
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finding previously undiagnosed cardiovascular disease. We
have previously identified a higher prevalence of CAC in
OSA patients when compared to the general population[26].

The Framingham Heart Study, under the direction of the
National Heart, Lung and Blood Institute, has identified
common factors or characteristics that contribute to cardio-
vascular disease (CVD) and developed a CVD risk score[27].
This study was designed to evaluate the demographic data and
the prevalence of calcification in cephalometric radiographs of
OSA patients to identify cardiovascular risks according to the
Framingham Risk Score (FRS) between subjects with and
without visible carotid artery calcification on cephalograms.
We hypothesize that cephalograms with the appearance of
some calcification suggest the presence of cardiovascular risk
more than the absence of calcification.

Methods

Databases of OSA patients from the Sleep Center at
Kirigaoka Tsuda Hospital in Japan were used. The retro-
spective study was approved by the Behavioral Research
Ethics Board of the Kyushu University Hospital and ethics
board of Kirigaoka Tsuda Hospital. Patients attended the
Sleep Center, Kirigaoka Tsuda Hospital, for an initial eval-
uation of their SDB, and all had digital cephalometric data
collected (image size of 57x43 cm). Inclusion criteria were
older than 30 years and younger than 84, having data from a
baseline polysomnography (PSG), and having a cephalo-
metric radiograph that clearly identified the area above C4.
Two investigators observed the carotid artery area in each
radiograph and counted the number of radiographs on which
calcification appeared. During this examination, those
investigators were blinded to all patient demographic infor-
mation such as name, sex, age, body mass index (BMI), and
apnea—hypopnea index (AHI) severity. Kappa for interrater
reliability was calculated after the assessment (k=0.86). The
radiographs that had different results between two investi-
gators were re-assessed together and judged. Demographic
data such as age, sex, and BMI were collected from each
patient’s chart. The evaluated variables included age, BMI,
Slow Wave Sleep (SWS) time (percentage), AHI, minimum
and average SpO,, Epworth Sleepiness Scale (ESS), systolic
and diastolic blood pressures, medication history, diabetes
mellitus (DM), previous CVD, drinking habit, smoking
habit, and lipid-related measurements such as total lipopro-
tein and low- and high-density lipoprotein (LDL and HDL).
FRSs for general cardiovascular disease (GCD), stroke, and
coronary heart disease (CHD) were calculated based on the
proposed criteria (Table 1). The data were presented as a
mean+SD. After calculating the incidence of calcified
masses in the cervical portion of the carotid artery, the
subjects were divided into two groups, those who showed
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Table 1 Parameters for Framingham Risk Score Table 2 Demographic data
Framingham Heart Study Indicator of Risk Score Total No calcification  Calcification
General cardiovascular disease (10-year risk) N 811 727 84
Age Sex (male/female) 677/134 612/115 65/19
Diabetes Age (year) 53.0+£12.5  52.3+£12.5%% 58.7+11.4%%*
Smoking BMI (kg/m?) 26.3+4.2 26.4+4.3 25.8+3.7
Treated and untreated systolic blood pressure AHI (events/h) 31.7£22.6  31.7£2.8 31.8£20.5
Total cholesterol Ave O, (%) 95.9+2.2 95.9+2.3 96.0+1.5
HDL cholesterol SWS (%) 5.1+£6.5 5.1+£6.5 4.9+7.0
BMI replacing lipid in a simpler model ESS 8.4+4.7 8.4+4.7 8.4+4.8
Stroke (10-year risk) BP systolic (mmHg)  139.5£19.4 139.6+19.7 139.2+16.7
Age BP diastolic (mmHg) 86.2+12.8  86.4+12.9 84.8+12.1
Systolic blood pressure Medication for 241 205* 36*
Diabetes mellitus hypertension
. . Smoking 226 201 25
Cigarette smoking
. . . Alcohol consumption 472 421 51
Prior cardiovascular disease
. S Diabetes mellitus 80 64* 16*
Atrial fibrillation Hi FCVD 18 7 s
Left ventricular hypertrophy istory o
. . Total cholesterol 211.3+£37.4  211.3+£37.5 211.1£36.6
Use of hypertensive medication
. . HDL cholesterol 52.4+14.0  52.7+14.2 49.7+11.9
Coronary heart disease (10-year risk)
Age LDL cholesterol 124.4+32.8 125.0+33.1 118.4+29.2
Diabetes Data are shown as mean+ standard deviation
Smoking *p<0.01, **p<0.001, statistical significance

INC-V blood pressure categories
NCEP total cholesterol categories
LDL cholesterol categories

calcification and those who did not. The SPSS software
program (version 18.0 for windows, SPSS Inc, Chicago,
IL, USA) was used for statistical analysis with significance
defined as a two-tailed p value less than 0.05. Unpaired ¢
tests, Mann—Whitney U tests, and Pearson chi-square tests
were used to assess the characteristic differences between
the group that showed calcification and the group that did
not. Spearman test was used to assess the correlations be-
tween PSG-related variables and FRSs (|#/>0.2) for all
subjects.

Results

A total of 811 x-rays met the inclusion criteria. Demographic
data are provided in Table 2. Eighty-four subjects had evi-
dence of calcifications, and the prevalence of calcification
for the total group was 10.4 %. Statistical analysis suggested
that age (»<0.001), medication for hypertension (p<0.01),
DM (p<0.01), and 10-year risk of GCD (p<0.05) identified
significant differences between subjects who exhibited
calcification or these who did not, although there is no
significant difference in OSA-related variables and FRSs
(Tables 2 and 3). The data of 10-year risk of GCD, stroke,

and CHD divided by sex and age are shown in Table 4. In
the 60 to 70 years female group, subjects with CAC scored
higher risks of GCD and stroke than non-CAC subjects (p<
0.05; Table 4). SWS time (percentage) identified significant
correlations with 10-year risks of GCD and stroke (p<
0.001), and BMI exhibited a significant correlation with
age, AHI, minO2, aveO2, diastolic and systolic blood pres-
sures, and LDL (p<0.001). Figure 1 presents the average
10-year risk of CHD in males and the patient numbers of
score more than the age-matched average. Some 34.5 %
male subjects and 25.0 % female subjects had a higher
CHD risk score than the age-matched general population.
In the age 30 to 34 male group, 85.7 % subjects exceeded
the average CHD risk score.

Table 3 Framingham Risk Scores of general cardiovascular disease,
stroke, and coronary heart disease

Total No calcification Calcification
10-year risk of general 16.04£9.7 15.6+9.5% 20.3+£10.1*
cardiovascular disease
(GCD) (%)
10-year risk of stroke (%)  9.846.7 9.7+6.9 10.1+5.5
10-year risk of coronary 119483 11.748.3 14.3£8.7

heart disease (CHD) (%)

Data are shown as mean=tstandard deviation

*p<0.05, statistical significance
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Table 4 Framingham Risk Scores of general cardiovascular disease, stroke, and coronary heart disease in different sex and ages

GCD Stroke CHD
Age No calcification Calcification No calcification Calcification No calcification Calcification
Male 30-40 5.0£3.2 5.9+2.8 N/A N/A 5.6£3.2 7.0+4.2
40-50 10.2+5.7 11.7+6.8 N/A N/A 7.3+43 8.3£5.3
50-60 20.5+7.3 23.5+7.7 7.0£3.0 7.1£2.5 14.4+£7.5 14.4+£7.7
60-70 24.3+6.6 28.4+2.7 10.4+6.9 10.3+4.9 19.4+8.9 22.3+7.8
70— 27.6+£5.7 29.8+0.35 16.5+8.2 14.9+5.3 23.2+7.8 28.0+4.2
Female 30-40 7.43+£3.7 N/A N/A N/A 2.0+0 N/A
40-50 10.1+5.1 N/A N/A N/A 6.5+2.7 N/A
50-60 11.5£7.5 3.9+0.4 33+1.7 4.3+0.5 8.6+4.4 7.0£0.7
60-70 13.3+£6.7* 25.3+8.1* 5.7+3.2% 9.4+5.7* 11.6+5.8 19.0+6.9
70— 13.4+54 20.0+£14.1 11.0+£5.4 10.5+£3.5 9.243.2 6.0+0

Data are shown as mean+standard deviation

*p<0.05, statistical significance

Discussion

This study identifies the prevalence of calcifications on
cephalograms and a significant relationship between carotid
artery calcifications and cardiovascular risks in patients with
sleep apnea. By evaluating more than 800 x-rays, it was
documented that 10.4 % of the Japanese digital cephalo-
grams identified calcification in the carotid artery area. This
prevalence is higher than that of the general dental popula-
tion as reported in a panoramic radiograph study [20]. In this
study, we could not identify significant sleep apnea-related
variable differences between absence and presence of calci-
fication. Similarly, Mason and collaborators did not find an
association between the frequency of self-reported snoring
and the presence of carotid atheroma [28]. As it is known
that age and blood pressure are the dominant risks for
systemic calcified atherosclerosis [29] and the association
of OSA and hypertension has additive effects on markers of

Fig. 1 Coronary heart disease 100 +
risk in male subjects 90 |
80 {
70 -

3

aged average(%)
8 w -y L
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o

0
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carotid atherosclerosis [30], this study design was not rig-
orous enough to clearly estimate the relationship between
CAC and OSA symptoms.

Our result could not find the gender difference in CAC
prevalence; however, older females with CAC had signifi-
cantly higher FRSs than females without CAC. As Odink
reported that the prevalence of calcification in the carotid
artery was higher in males when compared to females [31],
females may exhibit CAC only after the cardiovascular risk
such as when atherosclerosis becomes more severe. In this
study, number of females is smaller than males. Although it
had 44 females with aged 60—70 and 6 subjects had calcifi-
cation in their radiographs, it may need some consideration
to discuss this result. Recent report from Franklin suggested
that a prevalence of OSA in female aged 2070 is 50 %, and
female OSA is related to age, obesity, and hypertension but
not to daytime sleepiness [32]. It means that female is not a
small population in OSA patients. As not enough study has

Average CHD 10years risk (%)

55-59 60-64 65-69 70-74

Age

mmm Male  —#—Average of same aged group



Sleep Breath (2013) 17:1003—1008

1007

been done for OSA in female, this study is considered to
suggest a new sight for OSA research. It is exhibited that
more than 30 % of male and 25 % of female subjects had
higher coronary heart disease risk than age-matched data.
As it is suggested that OSA patients frequently have comor-
bid DM, high blood pressure, and high cholesterol parame-
ters for FRS of CHD, it is important to examine the
probability of cardiovascular risk in a clinical setting.

There are some reports which doubt the risk of CAC.
These studies have shown that symptomatic plaques are less
calcified and more inflamed than asymptomatic plaques [33,
34]. Calcification appears to be a marker of stability within
the atheromas [35], and the degree of carotid calcification
does not independently predict future stroke risk [36]. Al-
though Russell et al. also demonstrated the remodeling of
unstable plaques with patients who had previously had a
neurologic event, they cautioned that the future stroke risk
of these patients could be high compared to that of the
general population [37]. The clinical meaning of calcifica-
tion and its exact prevalence could not be concluded from
this study as there are many different and confounding
factors as mentioned above. The presence of calcification
does not confirm atherosclerosis as accurately as the gold
standard of carotid intima-media thickness can [38]. One
might suggest that the prevalence of calcification in the
carotid artery area of OSA patients is higher than that of
the general population, and there is a significant relationship
between CAC and FRSs. It may be clinically useful to pay
attention to this symptom when a physician or dentist eval-
uates an OSA patient’s radiographs.

FRSs of stroke and GCD revealed significant correlations
between SWS similar to Matthews’s report [39]. Although
this study result is not enough to discuss a cause—effect
relationship between SWS and cardiovascular risk, sleep
quality may be an important factor to consider for cardio-
vascular risk.

This study does not recommended using a radiograph to
diagnose atherosclerosis nor should it be concluded that just
because a patient’s radiograph does not show calcification,
he or she will have no symptoms of atherosclerosis. How-
ever, calcification should be noted when a cephalometric
radiograph is taken for any purpose or used to screen for
other symptoms related to airway collapsibility. After a
dentist indentifies a possible CAC on a lateral head film, it
would be appropriate to refer the patients to a radiologist
experienced in the field to confirm the finding.

Conclusion
This study could reveal the relationship between calcification

on cephalometric radiographs and cardiovascular risks espe-
cially in female sleep apnea patients. While the presence of a

calcified mass on a cephalometric radiograph is not diagnostic
of atherosclerosis, this information suggests to us some car-
diovascular risk when screening for the condition.
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