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Abstract — Objectives: The aim of this study was to examine whether there is an
educational gradient in dentition status among Japanese adults who are under
the universal public health insurance system. Methods: Subjects were 1201
community residents aged 55-75 years as of May 2005 who completed a self-
administered questionnaire and had a standard clinical oral examination.
Analysis focused on the association of three education levels (junior high
school, senior high school, and any college or higher education) with dentition
status. Results: The proportion of subjects with 20 or more teeth (P < 0.001),
number of teeth present (P = 0.037), number of filled teeth (P = 0.016), and two

types of functional tooth units (FTUs): FTUs with natural teeth (n-FTUs)

(P < 0.001) and FTUs with natural teeth and artificial teeth on
implant-supported and fixed prostheses (nif-FTUs) (P < 0.001) were
significantly associated with education level after adjusting for confounders.
The significant trend of these values in dental indexes indicated a poorer
dentition status with a lower education level. Conclusions: The results suggest
that the level of education has an independent impact on dentition status in a
group of Japanese adults, even after taking into account oral health-related
factors. Therefore, providing appropriate oral health information from an early
age within a compulsory school education program appears necessary to
enhance health literacy and lessen the inequalities in dental health by

educational level.
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There are several indicators employed in the
evaluation of socioeconomic status (SES). Gener-
ally, SES is measured by income, occupational
status, or education level as the proxy, and these
have been used singularly or in combination (1,
2). Education level is often used in research to
distinguish people with a high status in society
from those with a low status. Among SES
measures, education level is fairly stable for most
adults throughout their life, while income and

doi: 10.1111/j.1600-0528.2012.00697 .x

occupational status are greatly influenced by
economic fluctuations (3).

The relationship between SES and general health
has been widely investigated, and the close link
between SES and health is well established. An
unfavorable health status is often found among peo-
ple with alower SES (4, 5). The association of a lower
education level with a higher risk of general health
problems has been often investigated among people
in Europe and the United States (4, 6), but few
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studies have been conducted in the Japanese popu-
lation (7-9). An earlier Japanese study reported that
the relationship between education level and health
behaviors was weaker in Japan than in other devel-
oped countries (7). There is, however, evidence that
lower education levels are associated with worse
general health conditions in Japan (8, 9).

Socioeconomic disparities in oral health have
also been repeatedly demonstrated in many coun-
tries (10). People in lower SES groups are reported
to have markedly poorer oral health than those in
higher SES counterparts (11). There is also substan-
tial evidence of a strong association between edu-
cation level and oral health from many countries
(12-14). One previous study reported that subjects
with a low education level had a larger number of
missing teeth compared with those with a high
education level (15). Further, elderly Danes with a
low education level had a tendency to have more
decayed tooth (DT) surfaces compared with those
with a high education level. On the other hand,
individuals with a high education level had signifi-
cantly more filled teeth (FT) than those with a low
education level (16). A low education level in older
people also has an independent negative impact on
oral health-related quality of life (17).

To date, no study has assessed whether educa-
tion level contributes to the inequalities of oral
health in Japanese people. Thus, it is not possible
to verify whether the relationship between educa-
tion level and oral health status, identified in Eur-
ope and the United States, also exists in Japan.
Japan is known to have a less marked socioeco-
nomic differential compared with other developed
countries. In addition, Japan has had a universal
health insurance system, including dentistry, since
1961 (18). Thus, every Japanese person can receive
most dental treatments, including restorations,
prostheses, and oral surgery for the same price at
any dental clinic by paying 30% of the cost.

Therefore, the aim of this study was to examine
whether there is an educational gradient in denti-
tion status among Japanese adults who are under
the universal public health insurance system.

Methods

Subjects

The Japan Public Health Center-Based (JPHC)
Study Cohort I was initiated in 1990 for the pur-
pose of prospectively following the morbidity and
mortality of various diseases, such as cancer and
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cardiovascular diseases, in a large population-
based Japanese sample of administrative districts
supervised by five public health centers (19).

In 2005, a dental survey was conducted for the
first time in a cohort from the Yokote health center
jurisdiction, Akita Prefecture. Thus, subjects in this
study were a subsample in the Yokote health cen-
ter jurisdiction, who had participated both in the
JPHC Study Cohort I'in 1990 and the dental survey
in 2005.

Invitation letters were mailed to 15 782 residents
(aged 55-75 years as of May 2005) who had joined
the JPHC Study Cohort I, informing them about
the purposes and procedures of the study and
seeking their participation in the research. A total
of 1518 subjects completed a self-administered
dental questionnaire and presented for a clinical
oral examination between July 2005 and January
2006. Information on demographics (date of birth
and gender) and education was obtained from a
self-completed questionnaire administered in 1990
as a part of the JPHC Study Cohort I. The final
number of subjects used for the analysis was 1201
after excluding those with missing data for either
the outcome or any explanatory variable. Ethical
approval of this study was granted by the Ethics
Committee of the National Cancer Center in Tokyo
and Tokyo Medical and Dental University Ethical
Committee, Japan.

Education levels

The response -options of the question inquiring
about the highest education level achieved by sub-
jects were junior high school, senior high school,
junior college or vocational school, and university
or higher. The education level was then collapsed
into three groups: low (junior high school), middle
(senior high school), and high (any college or
higher education) education levels.

Health behaviors

A self-completed dental questionnaire, adminis-
tered at the time of the presentation for the oral
examinations in 2005, consisted of health-behavior-
related questions such as intake of sweet snacks or
drinks (rarely, sometimes and everyday), dental
check-up in the previous year (yes or no) and
smoking status (nonsmoker, past smoker, and cur-
rent smoker).

Dentition status
Clinical oral examinations of dentition status
(excluding third molars) were conducted in 2005



according to the World Health Organization guide-
lines (20). The standardized clinical oral examina-
tions were performed by one of 43 participating
dentists trained in the survey methods. A hand-
book describing the clinical criteria was distributed
to all participating dentists prior to the examina-
tion. The examination included the number of
teeth present, DT, and FT, following which the
prevalence of edentulousness and proportion of
subjects with 20 or more teeth were calculated.

The total number of Functional Tooth Units
(total-FTUs) was defined as the number of pairs of
opposing natural teeth (i.e., sound, restored, and
carious teeth) and artificial teeth on implant-sup-
ported, fixed (bridge pontics), and/or removable
prostheses in posterior teeth occlusion. Carious
teeth with extensive coronal destruction and miss-
ing teeth were regarded as nonfunctional. Two
opposing premolars were defined as one FTU, and
two opposing molars were defined as two FIUs.
Therefore, a person with a complete dentition had
12 FTUs. The FTUs were further divided by tooth
composition into n-FIUs (FTUs of natural teeth)
and nif-FTUs (FTUs of natural teeth and artificial
teeth on implant-supported and fixed prostheses).

Oral hygiene of teeth or dentures was visually
evaluated by examining all teeth present or on the
dentures and was scored as: (i) good = plaque cov-
ering less than one-third of tooth surfaces; (ii)
fair = plaque covering more than one-third but less
than two-thirds of tooth surfaces; and (iii)
poor = plaque covering more than two-thirds of
tooth surfaces. The worst score was recorded as
representative for the subject.

Statistical analysis

The two-sample t-test was used for testing the
difference of mean age between two groups, and
chi-square test for the relationship of categorical
values such as gender or education level. The
linear trend of education level with demographics,
health behaviors, and oral hygiene was analyzed
by a linear regression model for continuous data
and by the Mantel-Haenzel’s chi-square test for
categorical data. The linear trend of education level
with each clinical dental outcome was assessed
using a logistic regression for binary data and
generalized linear regression of the negative
binominal model with logit built-in link function
for count data. The analysis was performed both
unadjusted and adjusted for age, gender, intake of
sweet snacks and drinks, dental check-up,
smoking, and oral hygiene of teeth or dentures. All
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analyses were conducted using SPSS (SPSS Japan
Inc., Tokyo, Japan) 18] software.

Results

The nonresponse analyses to compare participants
and nonparticipants on socio-demographics
assessed at baseline in 1990 indicated that the num-
ber of nonparticipants of the study (excluding
those with missing data) was 10 236 (mean age:
66.2 £ 796, 5005 men, 5231 women) (Table 1).
Nonparticipants had a similar mean age to partici-
pants (65.5 = 5.77 years), although the difference
was significant (P = 0.003). Male to female ratio of
nonparticipants (48.9-51.1%) was similar to that of
participants (46.4-53.6%) (P = 0.102). However,
nonparticipants had a higher proportion of low
education level (low: 49.8%, middle: 37.5%, and
high: 12.7%) compared with participants in this
study (low: 33.5%, middle: 50.6%, and high:
15.9%).

Mean ages (+SD) of men in the low, middle, and
high education levels were 66.8 + 5.8, 65.2 + 5.5,
and 64.8 £ 6.0, respectively, and those of women
were 67.5 £ 55, 64.2 £ 5.6, and 63.8 + 5.5, respec-
tively. Age was inversely related with education
level in both men (P for trend < 0.01) and women
(P for trend < 0.001), with older ages in the lower
education levels.

The proportions of men in the low, middle, and
high education levels were 30.7% (N = 171), 51.3%
(N = 286), and 18.0% (N = 100), respectively, and
those of women were 359% (N =231), 50.0%
(N =322), and 14.1% (N = 91), respectively. There
was a significant distributional difference in gen-
der by education level (P for trend = 0.023).

Intake of sweet drinks in men was significantly
associated with education level (Table 2). More

Table 1. Socio-demographics of participants and non-
participants

Participants ~ Nonparticipants
(n = 1201) (n =10 236) P value
Age
Mean (SD)  65.5 (5.77) 66.2 (7.96) 0.003
Gender, n (%)
Male 557 (46.4) 5005 (48.9) 0.102
Female 644 (53.6) 5231 (51.1)
Education level, n (%)
Low 402 (33.5) 5098 (49.8) <0.001
Middle 608 (50.6) 3838 (37.5)
High 191 (15.9) 1300 (12.7)
483
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Table 2. Health behaviors and oral hygiene among the study subjects by gender (n = 1201)

Male education level

Female education level

Low Middle High P for trend Low Middle High P for trend
Sweet snacks, n (%)
Rarely 26 (11.2) 54 (18.9) 21(21.0)0 0.204 19 (8.2) 18 (5.6) 3(3.3) 0.961
Sometimes 108 (63.2) 184 (64.3) 60 (60.0) 119 (51.5) 161(50.0)0 59 (64.8)
Everyday 37 (21.6) 48 (16.8) 19 (19.0) 93 (40.3) 143 (44.4) 29(31.9)
Sweet drinks, 1 (%)
Rarely 36 (21.1) 97 (33.9) 43(43.0) 0.001 109 (47.2) 145(45.0) 52(57.1) 0.490
Sometimes 83(48.5) 130(45.5 45 (45.0) 78 (33.8) 118 (36.6) 21(23.1)
Everyday 52 (30.4) 59 (20.6) 12(12.0) 44 (19.0) 59(18.3) 18(19.8)
Dental check-up, n (%)
Yes 74 (43.3) 13547.2) 51(51.0) 0.216 102 (44.2) 143 (444) 44 (484) 0.597
No 97 (56.7) 151 (52.8) 49 (49.0) 129 (55.8) 179 (55.6) 47 (51.6)
Smoking, 1 (%)
Nonsmoker 69 (40.4) 108 (37.8) 24(24.0) 0.213 227(98.3) 313(97.2) 87 (95.6) 0.350
Past smoker 57(33.3) 112(39.2) 52(52.0) 3(1.3) 2(0.6) 4(4.4)
Current smoker 45 (26.3) 66 (23.1) 24 (24.0) 1(0.4) 7(2.2) 0(0.0)
Oral hygiene, 1 (%)
Good 17 (9.9) 35(12.2) 16(16.0) 0.379 26 (11.3) 60 (18.6) 14(154) 0.064
Fair 112 (65.5) 177 (61.9) 61 (61.0) 157 (68.0) 44 (13.7)  16(17.6)
Poor 42 (24.6) 74 (25.9) 23 (23.0) 48 (20.8) 74(25.9) 23 (23.0)

subjects who drank sweet drinks everyday were
observed in the lower education levels (P for
trend = 0.001). Intake of sweet snacks, dental
check-up in the previous year, smoking status and
oral hygiene of teeth or dentures were not signifi-
cantly related with education level.

In the bivariate analysis, without adjustment by
demographic and oral health-related variables,
there were significant linear trends in dentition
status by education level (Table 3). Prevalence of
edentulousness declined with the rise of
education level (P for trend < 0.001), whereas the
proportion of subjects with 20 or more teeth
increased as the education level went up (P for
trend < 0.001).

No significant trends were observed in the
number of DT and total-FTUs by education

level (Table 4). Numbers of teeth present and FT
showed an ascending trend by education level
(P for trend < 0.001). Further, significantly more
n-FTUs and nif-FTUs were found in subjects
with a higher education level (P for
trend < 0.001).

After adjustment for demographic and oral
health-related variables, the significant association
between edentulousness and education level dis-
appeared. The proportion of subjects with 20 or
more teeth (P for trend < 0.001), numbers of teeth
present (P for trend =0.037), FT (P for
trend = 0.016), n-FTUs (P for trend < 0.001), and
nif-FTUs (P for trend < 0.001) remained signifi-
cantly related with education level. The values of
these variables had a significantly increasing trend
with the rise in education level.

Table 3. Prevalence of edentulousness and proportion of subjects with 20 or more teeth by education level

Education level

Low Middle High P for trend

Edentulousness

% (No. of cases/subijects) 8.5 (34/402) 5.1 (31/608) 2.1 (4/191)

OR (95% CI) 1.00 0.58 (0.35-0.96) 0.23 (0.08-0.66) <0.001

Adjusted OR* (95% CI) 1.00 1.03 (0.58-1.83) 0.42 (0.14-1.27) 0.085
20 or more teeth

% (No. of cases/subjects) 45.8 (184/402) 62.5 (380/608) 74.9 (143/191)

OR (95% CI) 1.00 1.98 (1.53-2.55) 3.53 (2.41-5.17) <0.001

Adjusted OR* (95% CI) 1.00 1.53 (1.16-2.01) 2.72 (1.81-4.07) <0.001
Adjusted for age, gender, intake of sweet snacks, intake of sweet drinks, dental check-up, smoking, oral hygiene of teeth
or dentures.
484
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Table 4. Mean numbers of teeth present, decayed teeth (DT), filled teeth (FT), and functional tooth units (FTUs) by edu-

cation level

Education level

Low Middle High P for trend

Number of teeth present

Mean (SD) 16.33 (8.76) 19.21 (8.52) 21.71 (7.00) <0.001

Adjusted Mean (SD)? 16.97 (17.80) 18.46 (19.09) 20.72 (21.35) 0.037
Number of DT

Mean (SD) 1.01 (1.96) 1.20 (2.38) 1.28 2.54) 0.184

Adjusted Mean (SD)? 0.82 (1.26) 0.93 (1.38) 0.95 (1.38) 0.248
Number of FT

Mean (SD) 8.94 (6.16) 10.21 (6.22) 11.84 (6.03) <0.001

Adjusted Mean (SD)* 9.03 (9.72) 9.76 (10.33) 11.46 (12.07) 0.016
Number of n-FTUs

Mean (SD) 3.65 (4.01) 5.11 (4.42) 6.28 (4.32) <0.001

Adjusted Mean (SD)* 3.76 (4.33) 4.68 (5.20) 5.78 (6.29) <0.001
Number of nif-FTUs

Mean (SD) 4.42 (4.58) 5.87 (4.75) 7.37 (4.64) <0.001

Adjusted Mean (SD)* 4.58 (5.15) 5.40 (5.94) 6.79 (7.31) <0.001
Number of total-FTUs

Mean (SD) 10.09 (2.67) 10.14 (2.68) 10.49 (2.18) 0.084

Adjusted Mean (SD)* 10.05 (10.75) 10.14 (10.70) 10.53 (11.13) 0.623
*Adjusted for age, gender, intake of sweet snacks, intake of sweet drinks, dental check-up, smoking, oral hygiene of teeth
or dentures.
Discussion smoking status, Anzai et al. (7) also reported no

This cross-sectional study explored the association
between education level and dentition status in a
sample of Japanese adults. Even in Japan, where a
universal public health insurance system is insti-
tuted, there existed a gradient in oral health by
education level, and the gradient still persisted
while controlling for other relevant demographic
and health behavioral variables commonly used in
many studies (11, 21, 22).

Health behaviors and oral hygiene used in this
study have been demonstrated to be associated
with dentition status (23-26). Dietary habit such as
consumption of sweet snacks or sweet drinks is
still one of risk factors of dental caries despite of
the widely use of fluoride (23). Dental visit pattern
is contributory to periodontal disease (24). Smok-
ing has a positive association with missing teeth
and periodontal disease (25, 26). Oral hygiene con-
dition, especially plaque accumulation, is closely
related with the development of dental diseases
(27).

These possible confounding variables used to
control for variability were not related with educa-
tion level except for intake of sweet drinks in men.
These findings were align with the report by
Paulander et al. (15) who found no association of
education level with dietary habit, dental care
habits, and oral hygiene. Similarly, in respect to

differences by education level in Japanese men
aged 50-59 years and 70 years or older as well as
women aged 60-69 years and 70 years or older.
Male subjects with a higher education level were
less likely to take sweet drinks in this study.

The former studies reported that the percentage
of edentulous subjects in low education level
groups were significantly higher than that in
higher education level groups (10, 15, 28). The
unadjusted bivariate analysis in this study showed
a similar trend, although this trend was attenuated
and was not marginally significant (P = 0.085) after
adjusting for confounders. Therefore, confounding
factors influence the relationship between edentu-
lousness and the education level to some degree.

Keeping at least 20 or more natural teeth until
the age of 80 is the goal of the national oral health
campaign in Japan (29). People with 20 or more
teeth are reported to be able to eat most types of
Japanese foods (30). Similar goals of having 20 and
more functional natural teeth exist in the World
Health Organization (31) and Federation Dentaire
Internationale (32). There was a significant increas-
ing trend in the proportion of subjects with 20 or
more teeth as education level increased. Previous
research has also indicated that there were fewer
persons with 20 or more teeth in less educated
groups (10). A further study showed a linear rela-
tionship between the prevalence of having fewer
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than 24 teeth and SES, with prevalence decreasing
at higher levels of perceived social status (11).

The present study showed that persons with a
higher education level had significantly more FT
compared with those with a low education level.
Similar results were found in the National Health
and Nutrition Examination Survey 1999-2004 (28).
This trend might be explained by people’s attitude
and behavior toward oral health care utilization
(10).

On the other hand, there was no significant asso-
ciation between education level and number of DT,
confirming previous reports. For example, in a
Danish study of the elderly, those with a lower
education level tended to have more decayed sur-
faces compared with their counterparts, but the
difference was not significant (16). A possible rea-
son for not detecting a significant difference in this
study is that the mean number of DT was very
small, that is, close to 1, making statistical signifi-
cance difficult to detect.

No difference by education level was found
regarding total-FTUs, which were more than 10 at
all education levels. This high number could be
explained by missing teeth being replaced with the
artificial teeth of dentures, resulting in the recovery
of FTUs when calculated as total-FTUs, as has also
been reported in previous studies (30, 33). In fact,
any Japanese person can afford to have dentures
made regardless of their SES, because it is rela-
tively inexpensive under the Japanese universal
public health insurance system. On the other hand,
a significant oral health gradient was found in n-
FTUs and nif-FIUs, indicating that less educated
people were more likely to lose posterior occlusal
relations with natural, implanted, and fixed pros-
thetic teeth. A previous study reported that recov-
ery of total-FTUs by removable prosthodontic
treatments might not yield a significantly
improved masticatory function. Therefore, mainte-
nance of occluding pairs with as many n-FTUs or
nif-FTUs as possible is important in reducing the
likelihood of chewing difficulty (30).

This study had certain limitations. The subjects
used in this study may not have been representa-
tive of the general adult population in Japan,
because their participation was voluntary. Intra- or
interexaminer reliability was not obtained because
of a large number of participating dentists. In addi-
tion, we only used the education level as a proxy
for SES. It would be preferable to use multiple indi-
cators, because each indicator covers a different
aspect of SES. The nonresponse analyses indicate
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that there is a possibility that participants may
have a little different socio-demographic character-
istic from nonparticipants. Future research will be
needed to confirm the current findings using a rep-
resentative sample with multiple SES indicators.

This is the first study demonstrating that the
level of education has an independent impact on
dentition status, as a consequence of different treat-
ment options by education level, in a group of Jap-
anese adults. People with a lower education level
tended to lose more teeth and wear removable
prostheses, whereas those with a higher education
level had more teeth and tended to receive treat-
ments such as fillings, fixed prostheses, and
implants.

The findings indicate that oral disease preven-
tion strategies solely focusing on personal health
behaviors may have a limited effect. Therefore, it is
necessary to focus on the socioeconomic determi-
nants of oral health that form the living and work-
ing environments in which oral health behaviors
are created. Nine years of elementary and junior
high school education are compulsory in Japan.
The present study suggests that providing appro-
priate information from an early age through oral
health education in compulsory school health pro-
grams is necessary to enhance health literacy and
lessen the inequalities of dental health by educa-
tional level.
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Clinical Studies

Prediagnostic Plasma Antibody Levels to Periodontopathic Bacteria
and Risk of Coronary Heart Disease

Masayuki UENo,' PhD, Yuichi Izumi,” PhD, Yoko KawaGuchi,' PhD, Ai IKEDA,’ PhD,
Hiroyasu Iso,” PhD, Manami INoUE," PhD, Shoichiro TSUGANE,* PhD, for the JPHC Study Group

SUMMARY

Many epidemiological studies have indicated that periodontitis is an important risk factor for coronary heart disease
(CHD). We examined whether plasma antibody levels to 3 major periodontal pathogens, Aggregatibacter actinomyce-
temcomitans, Porphyromonas gingivalis, and Prevotella intermedia predicted the risk of CHD events.

A nested case-control research design (case: # = 191, control: n = 382), by matching gender, age, study area, date
of blood collection, and time since last meal at blood collection, was employed in a large cohort of Japanese community
residents.

Antibody levels of periodontopathic bacteria were associated with risk of CHD after adjusting for BMI, smoking
status, alcohol intake, history of hypertension, history of diabetes mellitus, exercise during leisure time, and perceived
mental stress. The association was different by age subgroup. For subjects aged 40-55 years, the medium (31.7-184.9 U/
mL) or high tertile plasma antibody level (> 184.9 U/mL) of A. actinomycetemcomitans showed higher risk of CHD
(medium: OR = 3.72; 95% CI = 1.20-11.56, high: OR = 4.64; 95% CI = 1.52-14.18) than the low tertile level (< 31.7 U/
mL). The ORs of CHD incidence became higher with an increase in IgG level of A. actinomycetemcomitans (P for trend
=0.007). For subjects aged 56-69 years, the high tertile level (> 414.1 U/mL) of P. intermedia was associated with higher

risk of CHD (OR = 2.65; 95% CI = 1.18-5.94) in a dose-response fashion (P for trend = 0.007).
The possible role of periodontopathic bacteria as a risk factor for CHD incidence was suggested by the results of this
study by the elevated antibody level to these bacteria with the increased risk of CHD. (Int Heart J 2012; 53: 209-214)

Key words: Plasma antibody, Periodontopathic bacteria, Coronary heart disease

are infectious disorders of the periodontal tissues

caused by dental plaque accumulation. Gingivitis is a
disease with reversible inflammation of the gingival tissues,
whereas periodontitis is a chronic inflammation involving not
only gingival tissues but also the periodontal membrane and
alveolar bone.” Specific gram-negative anaerobic bacterial
species, including Aggregatibacter actinomycetemcomitans (A.
actinomycetemcomitans), Porphyromonas gingivalis (P. gingi-
valis), Prevotella intermedia (P. intermedia), Treponema denti-
cola (T. denticola), Tannerella forsythia (T. forsythia) and Fu-
sobacterium nucleatum (F. nucleatum) have been consistently
associated with periodontal diseases.””

Periodontal diseases are highly prevalent dental diseases,
along with dental caries.” A Japanese national survey of dental
diseases conducted in 2005 reported that more than 80% of
Japanese aged 45 years or older had some periodontal disease
symptoms (ie, gingival bleeding or calculus deposition) and
42.2% of those aged 45 to 55 years had periodontal pockets.”

Coronary heart disease (CHD) is primarily caused by a

Periodontal diseases such as gingivitis and periodontitis

condition called atherosclerosis, which is the narrowing of the
coronary arteries that supply blood and oxygen to the heart due
to fatty buildup of plaque. According to the 2010 Japanese vi-
tal statistics, heart diseases ranked as the second leading cause
of mortality in Japan after cancer, accounting for 15.8% of all
deaths, approximately half of which were CHD.?

CHD has a number of risk factors, including smoking, al-
cohol, and obesity.”'” Furthermore, many epidemiological
studies have indicated that periodontitis is involved in the initi-
ation and progression of CHD. They showed a positive associ-
ation between various measures of periodontal diseases and
CHD risk, even after adjustment for a variety of potential con-
founders of these associations.'” However, the status of petio-
dontal disease in most of the studies was based on clinical peri-
odontal examinations or self-reporting. Therefore, the
interpretation of such results should be made cautiously be-
cause standardized measures for periodontal disease were
lacking.

The systemic immunological response to periodontitis
can be measured as elevated serum antibody levels against cer-
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tain periodontopathic bacteria. Serum antibodies to such perio-
dontal pathogens have been used to identify microbial species
that are associated with status and progression of periodontal
disease, and to define disease-susceptible or disease-resistant
individuals.'”

Previous studies that employed the antibody levels of
periodontal pathogens have provided evidence that infections
caused by main periodontal pathogens like A. actinomycetem-
comitans and P. gingivalis are associated with an increased risk
of myocardial infarction and acute coronary syndrome."""
Pussinen, et al reported that high serum antibody levels to A.
actinomycetemcomitans were associated with the subclinical,
prevalent, and future incidence of CHD." A Japanese study
demonstrated that serum antibody levels against periodonto-
pathic bacteria were higher among periodontitis patients with
CHD than those without CHD.'®

However, very few longitudinal studies have investigated
a relationship between the systemic immune response to a par-
ticular strain of periodontopathic bacteria and the incidence of
CHD. In particular, a large-scale prospective cohort study to
assess the association between periodontitis and the develop-
ment of CHD has not yet been conducted in Japanese popula-
tions. Therefore, the objective of the current study was to pro-
spectively examine whether plasma antibody levels to 3 major
periodontal pathogens, A. actinomycetemcomitans, P. gingiva-
lis and P. intermedia, predicted the risk of CHD events in a
large cohort of Japanese community residents.

METHODS

Study cohort: Subjects in this nested case-control study were
those who had participated in the Japan Public Health Center-
based (JPHC) prospective studies I and II, which intended to
prospectively follow the morbidity and mortality of various
diseases, such as cancer and cardiovascular diseases, in a large
population-based Japanese sample. The JPHC Study Cohort I
was initiated in 1990 and included residents aged 40-59 years
as of December 31, 1989 in 5 public health center areas. The
second group (Cohort II) involved 6 public health center areas,
was started in 1993 and included residents aged 40-69 years as
of January 1, 1993. Details of this study are described in previ-
ous articles."™"”

In this study, 191 subjects voluntarily provided 10 mL of
blood samples at baseline from 1990 to 1992 in Cohort I or
1993 to 1995 in Cohort II and were diagnosed with CHD dur-
ing the follow-up period. For each case, two controls were se-
lected by matching gender, age (within 3 years), study area
(city or town and village), date of blood collection (within 6
months), and time since last meal at blood collection (within 5
hours). Thus, the number of controls in this study was 382.

Ethical approval of this study was granted by the Ethics
Committee of the National Cancer Center in Tokyo, and Ethi-
cal Committees of Osaka University and Tokyo Medical and
Dental University, Japan.

Socio-demographic and health behavioral information: A self-
administered questionnaire, which inquired about height,
weight, smoking and drinking habits, medical history (hyper-
tension and diabetes mellitus), leisure time physical activity,
and perceived mental stress was distributed to all participants
at baseline in 1990 or 1993. BMI was calculated using the for-
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mula (weight (kg)/height (m)?).

Confirmation of CHD incidence: A total of 78 hospitals were
registered within the sampling area of the JPHC cohort. They
were all major hospitals at which CHD disease patients could
be admitted. The medical records were reviewed by physi-
cians, blinded to the patient’s lifestyle data. CHD events were
included in the study if they occurred after the date of return of
the baseline questionnaire and before December 31, 2007. The
details of the surveillance for CHD were described in a previ-
ous paper.” Briefly, CHD was confirmed in the medical
records according to the criteria of the Monitoring Trends and
Determinants of Cardiovascular Disease (MONICA) project,
which requires evidence from ECGs, cardiac enzymes, or au-
topsy.'”

Plasma antibody titer measurement: The plasma and buffy
layer of the baseline blood sample were divided into 4 tubes
holding 1.0 mL each (3 tubes for plasma and one for the buffy
layer) and stored at -80°C until analysis.

Plasma samples were analyzed for the IgG antibody
against cell surface antigens for the following 3 suspected peri-
odontal pathogens: A. actinomycetemcomitans ATCC 33384,
P. gingivalis ATCC 33277 and P. intermedia ATCC 25611, us-
ing an enzyme-linked immunosorbant assay (ELISA) with
sonicated whole cell extracts of each periodontal pathogen.
The microtiter plates coated with sonicated extracts (100 uL)
were stored for 1 day at 4°C and washed 3 times with PBS-T
(0.05% Tween-20/PBS), following which they were blocked
with 350 uL of 2% BSA + 5% Sucrose + 0.1% NaN3/PBS (pH
=7.0) solution. The plates were incubated for 4 hours at 37°C.

Plasma samples were diluted 420-fold with 1% BSA
(Sigma, A-4503) + 0.4% hydrolyzed gelatin (Sigma, G-0262)
+ 0.1% NaN3 + 5SmM magnesium chloride + 5SmM EDTA-
Na2/0.1M phosphoric acid buffer solution (pH 7.0) and 6 dif-
ferent concentrations of reference solution were prepared with
the same diluted solution.

Subsequently, 100 xL of the diluted plasma sample and
reference solution were applied to each well, stored for 1 hour
at 20-30°C, and washed with 350 L of 0.05% (w/v)
Tween-20/PBS 6 times. To each well was added 100 yL of la-
beled antibody (IgG antibody: anti-human IgG (rabbit) conj.
POD (DAKO), Antibody Aa: 7500IgG, Antibody Pg:
3000IgG, Antibody Pi: 2000IgG), stored 1 hour at 20-30°C
and washed with 350 uL of 0.05% (w/v) Tween-20/PBS 8
times.

After adding 100 pL of enzyme substrate solution
(DAKO, TMB+) and stopping the reaction with 100 uL of 2N
sulfuric acid, the absorbance of each well was read using a Mi-
croplate Reader (SOFT MaxTM) at 450 nm with a 650 nm
reference wavelength. Individual plasma antibody levels of
periodontal pathogens (U/mL) were calculated from the refer-
ence curves of antibody concentrations of periodontal patho-
gens and absorbance density.

Statistical analysis: Baseline characteristics of the cases and
controls were evaluated by the Mantel-Haenszel test with
matched set strata. Crude odds ratios (ORs) and 95% confi-
dence interval (CIs) for CHD risk were estimated by the tertile
level of plasma antibody of the 3 periodontopathic bacteria us-
ing a conditional logistic regression model. Tertile cutoff points
of each bacterium were based on the frequency distribution of
all subjects: A. actinomycetemcomitans (< 31.7, 31.7-184.9,
> 184.9), P. gingivalis (< 57.0, 57.0-134.9, > 134.9) and P. in-
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termedia (< 235.9, 235.9-414.1, > 414.1). Adjusted ORs were
computed by entering the following potential confounding var-

iables: BMI (continuous), smoking status (never, past, current),
alcohol intake (nondrinkers or former drinkers, less than week-

Table I. Characteristics of Cases and Matched Control Subjects

Cases (n=191) Controls (n = 382)

P
Mean/N  SD/% Mean/N SD/%

Age, years 56.7 7.7 56.6 7.6 -
Gender (male), % 119 62.3 238 623 -
BML, kg/em® 245 32 243 9.6 0.824
Current smoking, % 78 40.8 105 275 0.002
Heavy alcohol intake (2 450 mg/week), % 16 8.4 45 11.8 0.271
History of hypertension, % 61 319 58 152  <0.001
History of diabetes mellitus, % 35 18.3 34 8.9 0.002
Leisure exercise time (= 1-2 times/week), % 42 22.0 69 18.1 0.313
High mental stress, % 39 204 49 12.8 0.018
Aggregatibacter actinomycetemcomitans IgG, U/mlL. 269.7 4415 249.6 4397 0.606
Porphyromonas gingivalis IgG, U/mL. 148.2 164.1 136.8 1443 0397
Prevotella intermedia IgG, U/mL 395.9 248.8 358.1 233.6 0.075

Table II. Odd Ratios (95% CI) of CHD According to Tertiles of Antibody Levels to Periodontopathic Bacteria

Antibody Tertiles P for
Low Medium High Trend
Total subjects
Aggregatibacter actinomycetemcomitans, U/mL. ~ <31.7 31.7-184.9 >184.9
Cases / Controls 56/135 68/123 67/124
Crude OR (95% CI) 1.00 1.34 (0.87-2.07) 1.31 (0.85-2.03) 0.227
Adjusted OR (95% CI) 1.00 1.19(0.71-1.99) 1.65 (0.98-2.80) 0.061
Porphyromonas gingivalis, U/mL <57.0 57.0-134.9 > 1349
Cases / Controls 62/129 67/124 62/129
Crude OR (95% CI) 1.00 1.13 (0.74-1.72) 1.00 (0.65-1.53) 0.993
Adjusted OR (95% CI) 1.00 1.04 (0.63-1.71) 1.00 (0.59-1.70) 0.998
Prevotella intermedia IgG, U/mL <2359 235.9-414.1 >414.1
Cases / Controls 547137 60/ 131 77/114
Crude OR (95% CI) 1.00 1.18 (0.75-1.86) 1.81 (1.15-2.86) 0.010
Adjusted OR (95% CI) 1.00 1.39 (0.81-2.39) 1.89 (1.10-3.23) 0.021
Age 40-55 years
Aggregatibacter actinomycetemcomitans, U/mL. ~ <31.7 31.7-184.9 > 1849
Cases / Controls 16/61 24/33 32/50
Crude OR (95% CI) 1.00 2.55(1.14-5.72) 2.51(1.16-5.43) 0.019
Adjusted OR (95% CI) 1.00 3.72 (1.20-11.56) 4.64 (1.52-14.18)  0.007
Porphyromonas gingivalis, U/mL <570 57.0-134.9 > 1349
Cases / Controls 28/51 18/46 26/47
Crude OR (95% CI) 1.00 0.73 (0.35-1.52) 0.90 (0.46-1.76) 0.757
Adjusted OR (95% CI) 1.00 0.81(0.27-2.42) 0.94 (0.36-2.46) 0.894
Prevotella intermedia IgG, U/mL <2359 235.9-414.1 >414.1
Cases / Controls 26/54 22/42 24/48
Crude OR (95% CI) 1.00 1.21 (0.58-2.52) 0.86 (0.42-1.79) 0.695
Adjusted OR (95% CI) 1.00 1.67 (0.62-4.46) 1.19 (0.41-3.47) 0.747
Age 56-69 years
Aggregatibacter actinomycetemcomitans, U/mL ~ <31.7 31.7-184.9 >184.9
Cases / Controls 40/74 44790 35/74
Crude OR (95% CI) 1.00 0.90 (0.53-1.53) 0.85 (0.48-1.48) 0.556
Adjusted OR (95% CI) 1.00 0.65 (0.33-1.26) 0.96 (0.47-1.94) 0.904
Porphyromonas gingivalis, U/mL <570 57.0-134.9 > 1349
Cases / Controls 34778 49/78 36/82
Crude OR (95% CI) 1.00 1.29 (0.75-2.23) 0.97 (0.55-1.71) 0.910
Adjusted OR (95% CI) 1.00 1.19 (0.60-2.37) 0.96 (0.45-2.04) 0.907
Prevotella intermedia IgG, U/mL <2359 235.9-414.1 >414.1
Cases / Controls 28/83 38/89 53/66
Crude OR (95% CI) 1.00 1.31(0.71-2.43) 2.45 (1.29-4.65) 0.004
Adjusted OR (95% CI) 1.00 1.74 (0.76-3.94) 2.65(1.18-5.94)  0.007

Adjusted for BMI, smoking status, alcohol intake, history of hypertension, history of diabetes mellitus, exercise during lei-

sure time, and perceived mental stress.
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ly, < 150 g/week, 150-299 g/week, 300-449 g/week, and =
450 g/week), history of hypertension (yes/no), history of dia-
betes mellitus (yes/no), exercise during leisure time (rarely, 1-3
times/month, 1-2 times/week, 3-4 times/week, almost every
day) and perceived mental stress (low, moderate, high) into the
conditional logistic regression model. Since the interaction
term suggested that the relationship of periodontopathic bacte-
ria and CHD varied by age, ORs were further computed strati-
fied by two baseline age subgroups using the mean age: 40-55
years and 56-69 years (P for interaction by age: A. actinomyc-
etemcomitans = 0.022, P. gingivalis = 0.878, and P. intermedia
= 0.004). All statistical analyses were performed with SAS
software, version 9.2.

RESULTS

The basic characteristics of cases and matched controls at
baseline are presented in Table 1. The mean age at baseline in
the cases was 56.7 (x 7.7 SD) and that in controls was 56.6
(+ 7.6 SD). The percentage of males was 62.3% in each group.

The cases (40.8%) smoked more than the controls
(27.5%, P = 0.002) and also had higher percentages of history
of hypertension (31.9%) and diabetes mellitus (18.3%) com-
pared to controls (15.2%, P < 0.001 and 8.9%, P = 0.002, re-
spectively). Further, the cases (20.4%) were more likely to per-
ceive high mental stress than controls (12.8%, P = 0.018).

No differences were detected regarding BMI, alcohol in-
take, exercise during leisure time, and the 3 periodontopathic
bacterial antibody titers in the plasma.

Table 1T shows ORs and 95% CIs of CHD incidence risk
according to tertile antibody values of the 3 periodontopathic
bacteria in the plasma. Subjects with the high tertile of P. inter-
media antibody titer had a higher incidence of CHD (crude
OR = 1.81; 95%CI = 1.15-2.86 and adjusted OR = 1.89; 95%
CI = 1.10-3.23) than those with a low tertile, and there was a
dose-dependent increase in incidence of CHD (P for trend =
0.010 for crude OR, P for trend = 0.021 for adjusted OR) with
the plasma antibody of P. intermedia. There were no associa-
tions of CHD incidence with plasma antibody levels of A. ac-
tinomycetemcomitans and P. gingivalis.

The associations between the bacteria antibody titers and
risk of CHD were analyzed for two baseline age subgroups:
40-55 years and 56-69 years. For subjects aged 40-55 years, a
medium tertile (crude OR = 2.55, 95% CI = 1.14-5.72; adjust-
ed OR = 3.72; 95% CI = 1.20-11.56) or a high tertile plasma
antibody level (crude OR =2.51; 95% CI = 1.16-5.43; adjusted
OR = 4.64; 95% CI = 1.52-14.18) for A. actinomycetemcomi-
tans showed a higher incidence of CHD than a low tertile plas-
ma antibody level. The ORs of CHD incidence became higher
with an increase in IgG titer level of A. actinomycetemcomi-
tans (P for trend = 0.019 for crude OR, P for trend = 0.007 for
adjusted OR). No associations with CHD incidence were ob-
served for antibody levels of P. gingivalis and P. intermedia.

For subjects aged 56-69 years, a high tertile titer of P. in-
termedia (crude OR = 2.45, 95% CI = 1.29-4.65 and adjusted
OR = 2.65, 95% CI = 1.18-5.94) had a higher incidence of
CHD compared to a low tertile titer, and the titer of P. interme-
dia was associated with a dose-dependent increase in incidence
of CHD (P for trend = 0.004 for crude OR. and P for trend =
0.007 for adjusted OR). Antibody levels of A. actinomycetem-
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comitans and P. gingivalis were not related with the incidence
of CHD.

Di1SCcUSSION

In this population-based, longitudinal study, higher levels
of periodontopathic bacteria A. actinomycetemcomitans and P.
intermedia, measured as the plasma antibody titer, were signif-
icantly associated with an increased risk of CHD events. The
association was different by age subgroup, ie, the relationship
with A. actinomycetemcomitans was accentuated in subjects
aged 40-55 years and that with P. intermedia in those aged 56-
69 years.

The link between periodontal disease and CHD is com-
plex and many publications have provided support to the hy-
pothesis of a causal association.”**” Hypothesized mecha-
nisms include the direct effect of a subgingival biofilm or an
indirect effect through an immunologic response and activation
of inflammation is involved in the pathogenesis of atheroscle-
rotic plaque formation.”*” Endothelial dysfunction is the first
step in the development of atherosclerosis. Periodontitis has
been demonstrated to be related with endothelial dysfunc-
tion.”” Dorn, et al show that periodontopathic bacteria such as
P. gingivalis and P. intermedia invade coronary artery cells at a
significant level.”™ Further, an elevated serum IgG level of A.
actinomycetemcomitans is reported to be associated with
atherosclerosis.””

The possible relationship of A. actinomycetemcomitans
with CHD incidence has been documented in several studies.
Spahr, et al measured subgingival pathogens in subjects aged
43 to 73 years with DNA-RNA hybridization, and found a
positive association of the amount of A. actinomycetemcomi-
tans with risk of CHD (OR = 2.70; 95% CI = 1.79-4.07).>
Pussinen, et al reported significant associations between ele-
vated levels of IgG antibodies against A. actinomycetemcomi-
tans and cardiovascular disease events in subjects aged 25 to
64 years (OR = 1.64, CI = 1.00-2.69).”°

A. actinomycetemcomitans is the major etiologic agent
of localized aggressive periodontitis, and an increased level of
serum antibody to A. actinomycetemcomitans is considered to
represent a destruction of the periodontal structures; thereby
posing a systemic challenge that disseminates the bacteria,
leading to vascular activation.”” Individuals who carry A. ac-
tinomycetemcomitans have a higher risk of periodontitis, par-
ticularly among a younger age population (35 years or young-
er), because this species possesses certain disease-relevant
virulence.”” A. actinomycetemcomitans is also reported to be
an etiological agent in early-onset periodontal disease.>**”
Thus, the augmented association of CHD with A. actinomyce-
temcomitans observed in the younger age subgroup of this
study implies that people who already develop advanced peri-
odontal disease at an early age may have a higher risk of CHD.

A previous study demonstrated that the presence of P. in-
termedia in periodontal pockets was associated with an in-
creased risk of myocardial infarction (OR = 1.40 and 95% CI
= 1.02-1.92) in subjects aged 35 to 69 years, after adjusting for
potential confounding factors.” A case-control study among
males aged 48 to 80 years by Nonnenmacher, et al document-
ed a significantly higher frequency of subgingival P. intermedia
in patients with coronary artery disease when compared to the
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controls, after adjusting for smoking.”” Further, Spahr, et al
found a markedly higher number of P. intermedia in the sub-
gingival biofilm of 43 to 73 year-old patients with CHD com-
pared to age- and sex-matched controls. All these findings sup-
port our current results.”

However, the above studies were based on the amount of
P. intermedia in the subgingiva. Few reports have used the anti-
body level of P. intermedia, in contrast to other periodonto-
pathic bacteria, to examine the relationship with CHD. In a
population-based study conducted for 45 to 64 year-olds in the
United States, a high serum IgG antibody level to P. intermedia
was associated with risk of CHD among never smokers.™

A relationship between P. intermedia and CHD was only
detected in subjects aged 56-69 years in this study. This might
be linked to the fact that P. intermedia play a major role during
chronic periodontitis, with which older people are more likely
to be afflicted, by regulating diverse inflammatory and immune
responses to tissue destruction.™

Since no studies have investigated the association be-
tween bacteria antibody and CHD by stratifying for age, it is
unknown why different pathogens play a role in the different
age groups. Therefore, further research will be needed to clari-
fy the molecular-biological mechanisms of the age-related re-
lationships between CHD and P. intermedia and A. actinomyc-
etemcomitans found in this study.

Serological evidence confirms that an infection caused by
P. gingivalis is a contributor to an increased risk for CHD.
Pussinen, et al reported in a dentate male population aged 45
to 74 years that CHD was more common among subjects who
were seropositive for P. gingivalis compared to those who were
seronegative.”” However, we found no association between the
plasma antibody to this species and risk of CHD. Similarly,
several studies showed no significant connection between the
presence of IgG antibodies to P. gingivalis and CHD, especial-
ly after adjusting for confounding variables.'>***>

In spite of the similar infectious capability of P. gingivalis
strains, the risk of CHD differs depending on the strain; a par-
ticular genotype of P. gingivalis with strong virulence is con-
sidered to be involved more in the mechanisms linking perio-
dontitis and CHD.'® The existence of different genotypes of P.
gingivalis with different virulence may also contribute to the
inconsistent relationship with CHD.

Our study had several strengths. We used antibodies to
bacteria in examining the association between periodontal dis-
ease and CHD. Defining periodontal disease by clinical perio-
dontal parameters, such as pocket depth or clinical attachment
level, has been criticized when investigating the relationship
with CHD, where long-standing exposure to the bacteria is the
hypothesized risk factor, because they do not represent any
systemic effect incurred by the periodontal disease. The most
commonly used surrogates for systemic exposure are antibody
titers, which indicate an immunological response against the
periodontopathic bacterial infection and are thought to be a
marker of inflammation. Antibody levels to serum periodonto-
pathic bacteria are also closely related to the distribution of or-
ganisms in gingival plaque.”™

Further, the control of important confounders that would
strongly affect both periodontal health and cardiovascular out-
comes is important in interpreting the findings. We used con-
trols and cases, individually matched for age, sex and other re-
lated factors, and a sampling ratio of 1:2 was intended to

ensure adequate statistical power. We also attempted to reduce
potential confounding variables by statistically controlling for
a number of CHD-related health indicators. In addition, the
current prospective case-control design allows assessment of
the causal role of periodontal pathogens in the development of
CHD.

There are also limitations of our study that deserve con-
sideration. Although serum antibody levels are considered sta-
ble over time, clinical periodontal status was not available, and
it is not known whether the levels of antibody to periodontal
organisms are the result of a prior incident or to active infec-
tion in the study population. In addition, information on re-
maining teeth, an important confounder for the antibody val-
ues,”” was missing. Further, only 3 periodontopathic species

- were investigated in this study, and antibody responses to other

kinds of bacteria and their role in CHD incidence are un-
known.

The possible role of periodontopathic bacteria as a risk
factor for CHD incidence was demonstrated in this prospective
study, where the elevated antibody level to these bacteria ap-
peared to increase the risk of CHD. Therefore, a close relation-
ship between oral disease and systemic disease was confirmed.
From a public health standpoint, our result on periodontal dis-
ease as a risk factor for CHD is important, because periodontal
disease can be prevented or treated. Given the high prevalence
of both periodontal disease and CHD globally, the prevention
and treatment of periodontal disease by appropriate oral health
interventions might contribute to the prevention of CHD.
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