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INTRODUCTION

Cardiovascular diseases, cerebrovascular diseases and
peripheral arterial diseases are responsible for approximate-
ly 50% of all mortality in the United State, Europe and
Japan.1 Atherosclerosis is a major component of these diseases.1

The traditional risk factors, including behavior, diet, lifestyle
and family history, do not affect totally the development of ath-
erosclerosis. Many studies have suggested that inflamma-
tion plays a key role in the development of atherosclero-
sis.2,3

Chronic periodontitis is a typical inflammatory disease.
Periodontitis is a chronic infection and inflammation in the peri-
odontal tissue, leading to the destruction of bone structure sur-
rounding the teeth, and finally leading to tooth loss.4 The

prevalence of periodontal disease appears particularly high in
the adult population.5 Chronic periodontitis is the most com-
mon reason for tooth loss in adults aged 40 years or more.6

Especially in Korea, chronic periodontitis occurs in 7 out
of 10 adults.7

It was recently reported that periodontal disease affects
not only oral physiological and esthetical aspects but also sys-
temic diseases, such as cardiovascular diseases or athero-
sclerosis.8.9 Several well-designed pre-clinical studies pro-
vided possible mechanistic explanations for the relation
between periodontal infections and atherosclerotic cardio-
vascular disease.10,11 Recent observational studies and meta-analy-
sis also demonstrate modest but significantly increased risks
of cardiovascular diseases among people exposed to periodontal
diseases or infections.12,13
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B-mode ultrasonography is a non-invasive and highly reli-
able tool for assessing the early stages of atherosclerosis14 by
measuring the thickness of the inner layer of the vessel walls.
This procedure has been used extensively to monitor the
carotid artery and identify the sub-clinical atherosclerosis
condition. These days, several studies reported a positive
relationship between periodontitis and IMT which is a subclinical
method to measure atherosclerosis. However, these studies were
performed only in the United States15-18 and Europe,19,20 not in
Asia. This study examined the relation between tooth loss and
sub-clinical atherosclerosis in Korean adults more than 40 years
of age. 

MATERIALS AND METHODS

1. Study population

As part of the Korean genome epidemiology studies, the Korea
University School of Medicine’s genomics research insti-
tute compiled information since 2001 of 5,020 citizens living
in Ansan City aged between 40 and 69 years via a telephone
survey, and performed a cohort study every 2 years. Among
926 individuals who have regularly taken panoramic radiog-
raphy screening from March 2008 to September 2008 at the
Korea University Ansan Medical Center’s Department of
Dentistry, 749 individuals were participated in this study.
These individuals were selected because they were not relat-
ed to any other subjects and have consistently cooperated in
this cohort study for the past eight years. 

2. Methods

1) Evaluation of tooth loss through panoramic radiography
The evaluation of tooth loss was assessed by panoramic radi-

ography readings. Extractions of third molars and extrac-
tions performed for orthodontic treatments were not consid-
ered as tooth loss, whereas extractions for the purpose of
dental implant treatments were considered as tooth loss. The
type of tooth loss was categorized as anterior and posterior. All
radiography readings and assessments were done by one
dentist.

2) Ultrasound Examination
Certified examiners scanned the common carotid artery

bilaterally with B-mode ultrasound using a 5-MHz linear
probe array transducer and a high-resolution instrument
(TITANTM, Sonosite� Japan). During the examination, the
participants were in the horizontal position. The far and near
walls were measured 1 cm away from the bifurcation. 

3) Questionnaire survey
Personal information such as age, gender, smoking, alcohol

consumption, physical activities, prior medial history and
family history was collected from all participants. Regarding
smoking or alcohol consumption, the participants were cate-
gorized as never smokers or drinkers, past smokers or drinkers,
and current smokers or drinkers. 

4) Blood pressure measurement
First, the participant’s blood pressure was measured on

both forearms in the sitting position, and then it was measured
again twice on the forearm that had a higher value. After each
participant took a 5-minute rest in the supine position, the blood
pressure was measured twice one more with 30 second inter-
vals in the sitting position.

5) Analysis of obesity using waist circumference and body
mass index (BMI)

The waist circumference was measured 3 times at the
largest dimension using a tape measure, and the mean was cal-
culated. The body mass index (BMI), which is the weight in
kilograms divided by height in meters squared, was also
used to estimate the overall adiposity. 

3. Statistical analysis

All the data in the study were summarized with mean ± stan-
dard deviation for continuous variables and with frequency (per-
centage) for discrete variable. The relationships between
tooth loss and the traditional cardiovascular risk factors for ath-
erosclerosis were analysed with analysis of variance (ANO-
VA) for continuous variables such as age, body mass index, waist
hip ratio, and blood pressure. Chi squared test or Fisher’s excat
test were used to discrete variables including gender, alcohol
consumption, smoking, and exercise. For univariate analysis
of the relationship between tooth loss and carotid artery IMT,
ANOVA with Scheffe’s multiple comparison was performed.
Multiple regression analysis with stepwise variable selec-
tion was used to determine the significance of tooth loss as an
independent prognostic factor of IMT. All statistical analyses
were performed using SAS v.9.13. A P value of < .05 was con-
sidered statistically significant. 

RESULTS

1. General characteristics

Of the 749 individuals, there were 373 males and 376
females. The average age of the individuals without tooth loss,
1 to 8 teeth loss, 9 to 15 teeth loss and more than 16 teeth loss
was 53.1, 55.1, 60.6 and 65 years, respectively. There were more
individuals with teeth loss (480 individuals) than those with-
out (269 individuals). There were no significant differences in
tooth loss between men and women. However, there was an
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increase in tooth loss with age (P < .0001) (Table 1).
Regarding alcohol consumption, 332 individuals were non-

drinkers, 35 individuals used to drink but quit, and 395 indi-
viduals still consumed alcohol during the period of this study.
Individuals who consumed alcohol outnumbered those who did
not, but there was no significant relation between regular
drinkers and tooth loss. Regarding smoking, there were more
individuals who did not smoke than those who did but the dif-
ference was not significant. Similarly, no statistical significance
was observed in comparing the obesity level with the amount
of tooth loss. There was a slight correlation between the
increase in tooth loss and the increase in systolic blood pres-
sure, but less with the diastolic blood pressure. However,
this result was also statistically insignificant. Finally, regard-
ing to physical activity, tooth loss and the amount of physical
activity appeared to be negatively correlated while individu-
als who did not exercise appeared to have increased tooth loss
on average compared to those who practiced some form of reg-
ular exercise. 

2. The type of tooth loss

Posterior tooth loss (mean of 2.156) had a much higher
incidence than anterior tooth loss (mean of 0.581) among the

loss of anterior and posterior tooth combined (mean of 2.996)
(Table 2).

3. Relationship between tooth loss and IMT

A gender difference in the IMT of the common carotid
artery has been reported. Therefore, the male group and
female group were analyzed separately (Table 3, 4). In the case
of females, an increase in tooth loss correlated with a notice-
able increase in IMT at both the left and right near posi-
tioned walls and par positioned wall (RTCF, P = .0479;
LTCF, P = .0030; RTCN, P = .0041; LTCN, P = .0254). In the
case of males, there was a significant correlation between tooth
loss and the IMT in the right far and near positioned walls and
the left near positioned wall of the common carotid artery (RTCF,
P = .0324; RTCN, P = .0115; LTCN, P = .0217). However, the
statistical significance in the left far positioned near positioned
wall was marginal (P = .1041). 

After selecting variable regression models, the effect of
anterior and posterior tooth loss on IMT was determined
through regression analysis (Table 5). The increase in poste-
rior tooth loss correlated with the increase in IMT in both the
far and near positioned walls of the common carotid arteries
(RTCF, P = .015; LTCF, P = .008; RTCN, P < .001; LTCN,

Table 1. Variables considered in the participants with or without tooth loss
Number of tooth loss

0 (n = 269) 1 - 8 (n = 409) 9 - 15 (n = 50) Over 16 (n = 21)
P value

Age 53.14 ± 6.07a 55.18 ± 7.27b 60.60 ± 7.27c 65.00 ± 5.71c < .0001
Gender Male 119 (44.03) 217 (53.06) 25 (50.00) 12 (57.14) .1241

Female 150 (55.97) 192 (46.94) 25 (50.00) 9 (42.86)
Alcohol No 125 (46.64) 171 (41.81) 25 (50.00) 11 (52.38) .6239

Past 12 (4.48) 19 (4.65) 2 (4.00) 2 (9.52)
Current 131 (48.88) 219 (53.55) 23 (6.04) 8 (38.10)

Smoking No 181 (67.54) 236 (57.70) 34 (68.00) 11 (52.38) .1873
Past 55 (20.52) 116 (28.36) 10 (20.00) 7 (33.33)
Current 32 (11.94) 57 (13.94) 6 (12.00) 3 (14.29)

Exercise No 122 (45.52) 189 (46.21) 28 (56.00 13 (61.90) .2799
Yes 146 (54.48) 220 (53.79) 22 (44.00) 8 (38.10)

BP SYS 110.7 ± 13.7 111.3 ± 13.7 113.9 ± 15.7 116.7 ± 22.3 .1642
DIA 73.5 ± 9.82 73.5 ± 9.07 74.1 ± 8.7 71.1 ± 10.6 .6595

BMI 24.24 ± 2.91 24.71 ± 3.14 24.53 ± 2.51 24.35 ± 2.85 .3932
WHR 0.86 ± 0.17 0.87 ± 0.06 0.88 ± 0.06 0.88 ± 0.06 .5122
BMI: body mass index, WHR: waist hip ratio, STS BP: systolic blood pressure, DIA BP: diastolic blood pressure.
a, b, c: significant difference between groups with different characters. 

Table 2. Type of tooth loss 
Variables N Mean SD Min Max

Total tooth loss 749 2.996 4.987 0 36.000
Anterior tooth loss 749 0.581 1.540 0 12.000
Posterior tooth loss 749 2.156 3.061 0 16.000

SD: Standard Deviation, Min: Minimum, Max: Maximum. 



Table 3. Relationship between tooth loss and IMT in men
Number of tooth loss

P-value0 (n = 118) 1 - 8 (n = 217) 9 - 15 (n = 25) Over 16 (RT n = 10, LT n = 12)
RT CF 0.73 ± 0.11a 0.76 ± 0.10a 0.78 ± 0.09b 0.77 ± 0.12ab .0324
LT CF 0.73 ± 0.10 0.73 ± 0.09 0.78 ± 0.10 0.78 ± 0.14 .1041
RT CN 0.71 ± 0.12a 0.74 ± 0.09a 0.79 ± 0.08b 0.75 ± 0.12b .0115
LT CN 0.72 ± 0.10a 0.75 ± 0.10a 0.78 ± 0.09a 0.80 ± 0.08b .0217

CF: common carotid artery (CCA) far wall mean, CN: common carotid artery (CCA) near wall mean, RT: right, LT: left, a, b: significant difference
between groups with different characters.
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P = .001). However, the anterior tooth loss did not show
significant correlation with the increased IMT (RTCF, P = .115;
LTCF, P = .530; RTCN, P = .906; LTCN, P = .759).  

DISCUSSION

This study examined the relationship between tooth loss and
sub-clinical atherosclerosis in Korean adults aged more than
40 years. The amount of tooth loss in the posterior area was sig-
nificantly related with the IMT of the common carotid arter-
ies. Because periodontal disease is the commonest reason
for posterior tooth extraction in those aged over 40 and tooth
extraction is the end-point of periodontal disease. It is suggested
that periodontitis might be the factor of atherosclerosis,
which is a cause of cardiovascular and cerebrovascular diseases.
A significant relation between periodontitis and carotid IMT
might provide evidence for a role of periodontitis in the
pathogenesis of atheroma formation.

Inflammation plays a main role in the pathogenesis of ath-

erosclerosis from its initiation to the development of clinical
complications.2,21 In atherogenesis, inflammation plays a con-
tinuous role from endothelial cell expression of adhesion
molecules to the development of a fatty streak, established plaque
and finally plaque rupture.3 Exposure to infections, such as peri-
odontitis, seem to perpetuate the inflammatory events in
atherogenesis. The proposed biological mechanisms of the inter-
action between periodontitis and cardiovascular disease
include direct bacterial effects on platelets, autoimmune
response, invasion and/or uptake of bacteria in endothelial cells
and macrophages, and endocrine-like effects of pro-inflammatory
mediators.22

Carotid atherosclerosis, seem to atherosclerosis in the
carotid, is frequently measured as an increase in the thickness
of the IMT of the arterial wall. Measurement of this parameter
has attracted considerable attention because it is strongly in with
disease in the coronary and cerebral arteries. In addition, it is
also a good predictor of both cardiovascular and cerebrovas-
cular ischaemic events. The IMT of the carotid artery, as

Table 5. Regression Analysis of the association between the anterior and posterior tooth loss and IMT
CF CN

beta ± SE P-value beta ± SE P-value
RT Gender (female = 1) -0.023 ± 0.008 .003 -0.020 ± 0.008 .013

Anterior Tooth Loss 0.005 ± 0.003 .115 < .001 ± 0.003 .906
Posterior Tooth Loss 0.004 ± 0.002 .015 0.008 ± 0.002 < .001

LT Gender (female = 1) -0.026 ± 0.008 .001 -0.037 ± 0.007 < .001
Anterior Tooth Loss 0.002 ± 0.003 .530 < .001 ± 0.003 .759
Posterior Tooth Loss 0.004 ± 0.002 .008 0.005 ± 0.001 .001

CF: common carotid artery (CCA) far wall mean. CN: common carotid artery (CCA) near wall mean. RT: right. LT: left. 

Table 4. Relationship between tooth loss and IMT in women 
Number of tooth loss

P-value0 (n = 150) 1 - 8 (n = 192) 9 - 15 (n = 25) Over16 (n = 9)
RT CF 0.72 ± 0.11a 0.73 ± 0.10a 0.77 ± 0.10a 0.79 ± 0.10b .0479
LT CF 0.69 ± 0.11a 0.72 ± 0.09a 0.76 ± 0.11a 0.80 ± 0.07b .003
RT CN 0.69 ± 0.11a 0.73 ± 0.10a 0.75 ± 0.13a 0.78 ± 0.09b .0041
LT CN 0.69 ± 0.10a 0.72 ± 0.09a 0.72 ± 0.09a 0.75 ± 0.07b .0254

CF: common carotid artery (CCA) far wall mean, CN: common carotid artery (CCA) near wall mean, RT: right, LT: left, a, b: significant difference
between groups with different characters.
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measured by B-mode ultrasound, is a measure of a preclinical
atherosclerosis that has been shown to be related with coronary
heart disease, both prevalent23 and incident.24,25

Since Beck et al. reported that subjects with severe generalized
periodontitis had a higher odds (OR 1.3, 95% CI 1.03-1.66) of
having carotid IMT of 1 mm or more after correcting for oth-
er known factors,15 many studies have reported the relationship
between periodontal disease and carotid artery IMT.16-19 They
confirmed that severe bone loss,17 overall periodontal bacte-
rial burden16 and tooth loss18 were associated with carotid
IMT. This study is also coincidental with previous studies. A
recent pilot study reported the effect of periodontal therapy on
the changes in the carotid IMT.26 A group of otherwise healthy
individuals affected by mild to moderate periodontitis was treat-
ed with root debridement. Six and twelve months later, the lev-
el of IMT was decreased significantly at different locations in
the carotid artery. This pilot study suggests that changes in IMT
after periodontal therapy are possible in systemically healthy
subjects.

Many studies have also reported a relationship between
tooth loss and cardiovascular disease. In a study of tooth
loss and heart disease, an American telephone health survey
system, known as Behavioral Risk Factor Surveillance System
(BRFSS), was used to survey 41,891 individuals between 40
and 79 years of age. The results confirmed that individuals with
tooth loss due to periodontal diseases had a higher risk of some
form of heart disease than those without tooth loss.27 Therefore,
tooth loss may be a subclinical factor of systemic diseases. From
1992 to 1995, the Republic of Korea National Health Insurance
Corporation performed health screenings on 867,256 adult men
and women aged 30 to 95; the amount of tooth loss of all par-
ticipants was recorded. A study that examined fourteen years
of tooth loss and stroke records of these patients concluded that
tooth loss, stroke and the subtypes of stroke might be interrelated.
The results indicated that an increase in tooth loss increased
the likelihood of having a stroke more than in individuals who
had not lost any tooth. Furthermore, tooth loss was inde-
pendently associated with an increased risk of hypertension and
stroke, particularly with hemorrhagic stroke.28

There was more posterior tooth loss than anterior tooth
loss in the sample group, and the amount of anterior tooth loss
and the corresponding IMT appeared to be statistically significant.
This may be because the posterior area of the oral cavity is a
vulnerable area to control the plaque mechanically by individuals.
Moreover, most posterior teeth have furcation, which can
make plaque control difficult. Therefore, furcation-involved
teeth with periodontitis have a poor long-term prognosis.29 The
greater influence of posterior periodontium on the development
of atheroslerosis can be inferred, highlighting the impor-
tance of proper maintenance of the posterior teeth and peri-
odontium. 

A relationship between atheroma development (deduced

via IMT interpretations) with tooth loss is highly likely.
However, because of a relatively small sample size in this study,
the calculated statistical significance of the various correlations
may have considerable margins of error. In addition, there are
many ways that tooth loss can occur but this study did not cat-
egorize tooth loss in accordance to this. Hence, it is unclear if
all individuals truly experienced tooth loss due to chronic peri-
odontal diseases alone. Many factors may also increase the IMT
and further investigations on how these factors affect the
sample will be necessary to strengthen the findings of this study.
This study is also subjected to the limitation of a cross-sectional
design, which allows the detection of a relationship but not the
cause and the effect. The effect of periodontal therapy on changes
in carotid IMT have to be verified to understand the cause and
the effect better.  

CONCLUSION

This study confirmed the positive relationship between the
increased tooth loss in the posterior area and the accumulation
of atheroma in the arteries. As chronic periodontitis is a
major cause of tooth loss in those more than 40 years of
age, it might be a risk factor for atherosclerosis.
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