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A positive link between periodontitis and chronic systemic disease has been indicated. However, few studies
focused on the loss of teeth. Our analysis aims to analyze the relationship of periodontitis and number of teeth
with the risk of coronary heart disease (CHD).

A meta-analysis was conducted on qualified data extracted from the PubMed, Embase, and Cochrane Library
databases. Only cohort studies were included in this study. We screened articles that assessed the periodon-
tal condition and teeth number as well as the incidence or mortality of CHD. Hazard ratio (HR) and relative risk
(RR) were calculated by Stata SE software.

A total of 11 prospective studies with over 200 000 total participants were analyzed. Ten studies reported on
periodontitis and CHD, and 4 studies included data on number of teeth. After adjusting for multivariate fac-
tors, there was a significant association between periodontitis and the risk of CHD (RR, 1.18; 95% confidence
interval [Cl], 1.10-1.26); the RR of CHD in the edentulous population was 1.20 (95% Cl, 1.08-1.34). Moreover,
results on the RR values for number of teeth were as follows: 24-17 teeth (RR, 1.12; 95% Cl, 1.05-1.19); 16-11
(RR, 1.28; 95% Cl, 1.15-1.42); and <10 (RR, 1.55; 95% Cl, 1.43-1.69).

Our study showed that periodontitis is a risk factor for CHD and that the number of removed teeth is positive-
ly correlated with the risk of CHD. During clinical assessment, both factors need to be considered as factors as-
sociated with cardiovascular risks.
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META-ANALYSIS

Background

Periodontal disease is defined as an inflammatory disease that
affects the tissues surrounding the teeth. Periodontal disease is
highly prevalent among adolescents and adults as well as old-
er people, and its incidence is influenced by several modifiable
risk factors, such as smoking, poor oral hygiene, and diabetes
mellitus [1]. In 1993, results of a longitudinal study showed
that periodontitis can be associated with coronary heart dis-
ease (CHD) [2]. Since then, many reports have shown an as-
sociation between periodontitis and CHD, including cross-sec-
tional [3], case-control [4], and cohort studies [5]. Additionally,
inflammatory mediators might underlie this relationship, as
periodontitis can influence the blood levels of inflammatory
markers, such as interleukin-6, C-reactive protein, high-sensi-
tivity C-reactive protein, salivary metalloproteinase-8 and -9,
and salivary myeloperoxidase [6-9], which is also a possible
molecular mediator [10].

Over the past 20 years, an association between the number
of teeth and chronic systemic diseases has gradually been
made [11]. A few studies have shown that tooth loss may be
associated with an increased risk of CHD events. Caries and
periodontal disease are the main causes of tooth loss, and the
strength of the relationship between the loss of attachment
and the loss of teeth was reported in 1997 [12]. Missing teeth
may be a broad independent indicator of an accumulation of
oral inflammation. As shown in a recent study, patients with 1
to 9 teeth had C-reactive protein levels that were the highest
of all inflammatory factors, and patients with 10 to 19 teeth
had IgG levels that were the highest, suggesting that the num-
ber of remaining teeth can be used to predict cardiovascular
disease in patients [13].

CHD affects millions of people in developed and developing
countries and has caused serious social and economic stress on
a global scale over the past several decades [14]. Periodontal
disease and tooth loss are 2 common oral health measures.
Owing to the high prevalence of periodontitis and CHD, study-
ing the relationship between the 2 diseases is of great public
health importance and can also have considerable economic
implications. We searched the literature by using the PubMed,
Embase, and Cochrane Library databases from inception to
April 2020. We found there are 4 systematic reviews and 9
meta-analyses on the association of periodontitis or the num-
ber of teeth with CHD [15-27]. There are 11 studies on the as-
sociation of periodontitis with CHD and 3 studies on the as-
sociation of number of teeth with CHD. All 3 studies on the
association of number of teeth with CHD showed that tooth
loss is associated with a significant risk of cardiovascular dis-
ease [25-27]. However, periodontitis has been identified as a
risk factor for CHD in 9 of 11 studies on the relationship be-
tween CHD and periodontal disease [15-22,25]. Two studies
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did not have enough evidence to support this view [23,24].
Therefore, the relationship between periodontitis and cardio-
vascular disease risk remains controversial. To update our un-
derstanding of the relationship between periodontitis and CHD
and to study the relationship between CHD and tooth loss, this
systematic review and meta-analysis was conducted by gath-
ering information from cohort studies.

Material and Methods

Search Strategy

This systematic evaluation was based on the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines. We searched the literature by using the
PubMed, Embase and Cochrane Library databases from in-
ception to April of 2020. The publication language was limit-
ed to English. Our search strategy in PubMed was as follows:
“Coronary Disease” [MeSH] and “Periodontitis” [MeSH]. The
keywords included the following: (periodontal disease [title/
abstract] or periodontitis [title/abstract] or periodontal pocket
[title/abstract] and (coronary diseases [title/abstract] or coro-
nary heart disease [title/abstract] or coronary aneurysm [title/
abstract] or coronary artery disease [title/abstract] or coronary
occlusion [title/abstract] or coronary stenosis [title/abstract]
or coronary restenosis [title/abstract] or coronary vasospasm
[title/abstract] or coronary thrombosis [title/abstract] or cor-
onary-subclavian steal syndrome [title/abstract]).

Eligibility Criteria

To be eligible for inclusion, the studies had to meet the follow-
ing criteria: (1) participants in the research population were
without a history of CHD at the start of study; (2) exposure
variables were with or without periodontitis or the baseline
number of teeth; (3) healthy population and 25 to 32 teeth in
a control group; (4) fatality and incidence of CHD as a result
of exposure, both of which were included as the risk of CHD;
(5) prospective or cohort study that provided the hazard ratio
(HR) or relative risk (RR) and its 95% confidence interval (Cl) or
provided data that could be used to calculate those variables.

The exclusion criteria included the following: (1) teeth lost dur-
ing follow-up (incidence of tooth loss); (2) self-reported CHD,
with subjective symptoms such as angina; (3) repeated reports,
poor-quality study, or unavailable information.

In our analysis, the primary endpoint was the incidence of CHD
or fatal CHD. The International Classification of Disease and
Related Health Problems (ICD) guidelines were used to classify
the cause of mortality or events of CHD. CHD events included
the incidence of fatal and symptomatic nonfatal myocardial
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Table 1. Newcastle-Ottawa scale (NOS) evaluation results.
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The quality assessment values ranged from 0 to 9 stars. Each item scored 1 point, except for 1 item (comparability of cohorts), which

could be given a maximum score of 2 points.

infarction (MI) and sudden death without plausible causes
other than CHD.

Quality Assessment

The studies were evaluated based on the following: represen-
tativeness of the exposed cohort, ascertainment of exposure,
selection of the non-exposed cohort, demonstration that the
outcome of interest was not present at the start of the study,
comparability of cohorts on the basis of the design or analy-
sis, assessment of outcome, follow-up sufficiently long to ob-
serve outcomes, and the adequacy of the follow-up of cohorts.
The quality scores of the selected articles were evaluated by 2
double-blind researchers, based on the Newcastle-Ottawa scale
(NOS), which has a total score of 9 points; lower scores corre-
sponded to the lower quality of the article (Table 1).

Data Extraction

Two researchers independently selected publications that were
in accordance with the inclusion and exclusion criteria. When
disagreements arose, a third researcher reviewed the study
after additional discussion. The following information was ex-
tracted: first author, publication year, sample size, follow-up
year, baseline number of teeth, assessment of the CHD, HR,
or RR, 95% Cl, and exposure to risk factors.

Statistical Methods and Data Synthesis

STATA (version 12.0, StataCorp, USA) was used for the systemat-
ic review. To account for clinical diagnoses, the effects of tooth
number on the risk of CHD were divided into 4 sets of criteria
to calculate the common risk. This reference set was chosen
to include as much of the dental data as possible: 32-25, 24-
17, 16-11, and <10 teeth. Among those groups, the RR for no
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Articles excluded:

« Case report

« Case-control

« Cross-sectional

« Review

« Original and unrelated articles

877 potentially
related articles

Figure 1. The flowchart of publication screening.

Articles excluded:

18 articles included

13 CVD (except for CHD), stroke, angina
4 not periodontitis or tooth number

Articles excluded:

5 pre-existing CHD with study population
1 unable to classify the number of tooth

12 full articles with eligible fata included
in meta analysis

cases of periodontitis and the group with 32 to 25 teeth was
1. In the literature regarding the appropriate endpoint events,
the unadjusted RRs were removed, and the results of differ-
ent adjusted factors were assessed. The adjustment factors
of the selected literature were divided mainly into 2 levels:
(1) demographics and socioeconomic status, including age,
sex, race, poverty index, marital status, and education, and
(2) cardiovascular risk, including smoking, cigarettes, blood
pressure, diabetes, and physical activity, and specific factors
including smoking and hypertension. Standardized numbers
of teeth and periodontal conditions were specified in the sta-
tistical software as subgroups with the fixed inverse-variance
model. The Begg rank correlation test was used to estimate
publication bias. Heterogeneity was evaluated by the I? index
and Cochrane Q statistics, where 1> >50% suggested that there
was heterogeneity. A fixed-effects model was used if I <50%.

Results

Study Selection Process

A total of 877 studies were identified in the databases as poten-
tially relevant articles, according to the search strategy. Using
the inclusion and exclusion criteria, this meta-analysis includ-
ed 11 articles in which periodontitis or the number of teeth
was an exposure variable and CHD was an outcome variable.
However, there were 5 articles in which patients with preex-
isting CHD were excluded in the study population. The flow
diagram of the study selection process is shown in Figure 1.

Baseline Characteristics of Included Studies

The characteristics of all articles are summarized in Table 2,
which displays the main findings of the included studies. A total
of 4 studies used number of teeth as their exposure variable,
and 10 studies used periodontal condition as their exposure

variable; the data on number of the teeth in 1 article could
not be merged with the overall subgroups [28]. Joshipura et
al, Howell et al, and Noguchi et al did not study women in the
community, Yu et al studied only women, and Hung et al ana-
lyzed men and women separately. The study cohorts covered
20 to 89 years and met all the inclusion criteria. We includ-
ed 2 types of exposure variables, and after removing the ar-
ticle that did not reveal a standardized tooth number, a total
of more than 200 000 study participants were included in our
study. The included prospective studies were conducted in 4
countries: America, Sweden, Canada, and Japan. Table 3 and
Table 4 separately show the extracted information needed
for the analysis, including the subgroups based on periodon-
tal condition and number of teeth, HR or RR, 95% Cl, and the
adjusted factors.

Newcastle-Ottawa Scale

The quality score of the selected articles was evaluated by 2
double-blind researchers based on the NOS, which has a to-
tal possible score of 9 points; lower scores indicated a low-
er quality of the article. All of the included articles were as-
sessed using the modified version of the NOS for cohort studies
(Table 1) [2,28-37].

Meta-Analysis

As shown in Figure 2, we performed a meta-analysis of the
pooled RRs using the data from 10 included studies to as-
sess the effect of periodontal condition on CHD. The results
showed that after merging the confounding factors, the risk
of CHD in patients who had periodontitis was 1.18 times (95%
Cl, 1.10-1.26) that of patients who did not have periodonti-
tis. Only 1 study had an RR value markedly less than 1, show-
ing no association between periodontitis and CHD. Further
statistical tests revealed that the risk of CHD in patients with
gingivitis also weakly increased over time (RR, 1.09; 95% Cl,
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Table 2. Study characteristics.

Control
group

Sample

Age
range

Study
area

Reference )
size

META-ANALYSIS

Follow-up Periodontal condition/

HD
year  teeth number at baseline L 8ssessment

DeStefano 20749 25-74 No USA 14 Periodontitis CHD mortality and
et al, 1993 periodontitis gingivitis admission to hospital
edentulous
Joshipura 44119 40-75male No USA 6 Periodontitis Incidence of fatal and
et al, 1996 periodontitis 32-25; 24-17 non-fatal Ml and sudden
32-25 16-11; 10-0 death
Morrison 16090 35-84 No Canada 23 Periodontitis Risk of fatal CHD
et al, 1999 periodontitis gingivitis
edentulous
Hujoel 8032 25-74 No USA 6 Periodontitis Fatalities,
et al, 2000 periodontitis gingivitis hospitalization of CHD
32-25 32-25; 24-17; and revascularization
16-11; 10-4
Wu 9962 25-54 No USA 21 Periodontitis Hospital records for
et al, 2000 periodontitis gingivitis non-fatal events and
edentulous death certificates for
fatal events
Howell 22037 40-84male No USA 12.3 Periodontitis Nonfatal MI
et al, 2001 periodontitis
Hung 100381  40-75 male 32-25 USA 12 32-25; 24-17; Symptomatic nonfatal
et al, 2004 30-55 female 16-11; 10-0 MI, fatal CHD, or sudden
death
Mucci 15273 >35 No Sweden 35 Periodontitis Coronary heart disease
et al, 2009 periodontitis (ICD-9 codes 410-414)
Holmlund 7674 20-89 No Sweden 12 Periodontitis ICD mortality (ICD-8,
et al, 2010 periodontitis >25; 25-20; ICD-9, and ICD-10)
>25 19-15; 14-10; <10
Noguchi 3081 36-59 male No Japan 5 Periodontitis MI
et al, 2014 periodontitis
Liljestrand 8446 25-74 0-1 Finland 13 0-1; 2-4 A history of
et al, 2015 5-8; 9-31; 32 myocardial infarction,
revascularizations,
or percutaneous
transluminal coronary
angioplasty
Yu 39863 >45 female No USA 15.7 Periodontitis MI
et al, 2015 periodontitis

The sample size includes the original population, not excluding loss. CHD — coronary heart disease; Ml — myocardial infarction;

ICD - International Classification of Disease.

0.99-1.19) compared with that in patients without periodon-
titis. Interestingly, among the edentulous population, there
were also marked differences in the ratios of CHD risk (RR,
1.20; 95% Cl, 1.08-1.34). Figure 3 shows the results obtained
after adjustments were made for demographic and socioeco-
nomic status; there were also significant positive correlations
between CHD risk and gingivitis (RR, 1.06; 95% Cl, 0.94-1.20),

periodontitis (RR, 1.18; 95% Cl, 1.09-1.28), and patients who
were edentulous (RR, 1.89; 95% Cl, 1.18-3.03). Figure 4 refers
to smoking and hypertension factors; the RR value was not
obviously altered (1.18; 95% Cl, 1.11-1.27) with an I? of 18.3%.
Also, the overall heterogeneity assessment of multivariate con-
founding factors was 27.5%, although in Figure 3 it is 47.6%.
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Table 3. Hazard ratio (HR) or risk ratio (RR) of included studies sorted by adjustment factors in meta-analysis with subgroup as
periodontal condition.

Reference Subgroup HR/RR (o} Adjustment
DeStefano Gingivitis 1.05 0.88-1.26 Age, sex, race, education, poverty, alcohol, systolic
e 100 3 I blood pressure, marital status, BMI, smoking, physical
i Lz LOOILAE activity, and cholesterol
Edentulous 1.23 1.05-1.44
Joshipura  PD 104  097-125 Age and smoking
a0 6 I oY T
1.04 0.86-1.25 Multivariate®
~ Morrison Mild gingivitis 145 085248 Ageandsex
et al, 1999 """""""" . ””:".". """""""""""""""""""""""""""""""
Severe gingivitis 1.82 1.09-3.06
0 131 078219
~ Edentulous 189 1.18-3.04 Serum total cholesterol, diabetes status, smoking
—————— T R F . L status, province of residence, hypertensive status, age
Mild gingivitis 1.54 0.89-2.67 £tid] G
Severe gingivitis 2.15 1.25-3.72
0 137 08235
~ Edentulous 19 11731
* Hujoel Gingivitis 099  077-128 Age, age squared, sex, race, education, poverty Index,
et al, 2000 ool marital status, interaction term for marital status and
1.02 0.88-1.18
sex
PD 1.28 1.02-1.61
"""""""""""""""""""""" 124 108143
 Gingivitis 117 084161 Multivariates
"""""""""""""""""""""" 105 088126
0 120 09-1.61
"""""""""""""""""""""" 114 096136
CWu Gingivitis 103 087121 several well-established CVD risk factors and
a2 0 0 O v o demographic variables
PD 1.14 0.98-1.34
~ Edentulous 113 098132
CHowel PO 101 087-1.17 Age, aspirin, cigarette, smoking, alcohol, history of
et al, 2001 hypertension, BMI, diabetes, physical activity, history
of Ml and angina*
Mucci PD 1.4 1.1-1.6 Age, sex, education, smoking, diabetes, number of
et al, 2009 siblings, hypertension, and BMI
Holmlund Moderate PD 0.73 0.26-2.01 Age, gender, smoking
€1 2 01 O
severe PD 0.78 0.27-2.21
CNoguchi PO 251 095662 Age
et Al 20 d A s S e e e e e
2.26 0.84-6.02 Age, smoking, diabetes, hypertension and BMI
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Table 3 continued. Hazard ratio (HR) or risk ratio (RR) of included studies sorted by adjustment factors in meta-analysis with subgroup

as periodontal condition.

Reference Subgroup HR/RR Adjustment
Yu PD 1.34 1.12-1.62 Age
e 2 1S B e VToY S
1.35 1.05-1.73 Multivariate®

# The multivariate model includes age (continuous); body mass index (BMI) (5 categories); exercise (5 categories); smoking habits
(current smoker [number of cigarettes smoked: 1-14, 15-24, 25+], former smoker, or never smoked); alcohol consumption (7
categories); family history of myocardial infarction (M) before 60 years of age; vitamin E (5 categories). * Multivariate model includes
demographics and socioeconomic status: age, sex, race, poverty index, and cardiovascular risk factors (smoking, cigarettes, blood
pressure, cholesterol, diabetes, height, physical activity). * Age (years), aspirin and beta-carotene treatment assignment, cigarette
smoking, alcohol use, history of hypertension (systolic blood pressure >160 mmHg, diastolic blood pressure >95 mmHg or history

of treatment for high blood pressure), BMI, reported history of diabetes, physical activity (reported vigorous exercise once per week
or more), parental history of myocardial infarction (MI) and history of angina. * Multivariate model includes age, race/ethnicity, BMI,
education, smoking, diabetes, hypertension, family history of MI, physical activities, and C-reactive protein. BMI — body mass index;
HR/RR - hazard ratio/relative risk; Cl — confidence interval; Ml — myocardial infarction.

The single most striking observation from the data analysis
was the result of the correlation analysis of the association
between number of teeth and CHD risk, which is summarized
in Figure 5. As shown, after adjusting for confounding fac-
tors, there was a significant association between the number
of teeth and CHD risk, in which a lower number of teeth cor-
related with a greater CHD risk: 24-17 teeth vs 32-25 teeth
(RR, 1.12; 95% Cl, 1.05-1.19); 16-11 teeth vs 32-25 teeth (RR,
1.28; 95% Cl, 1.15-1.42); and <10 teeth vs 32-25 teeth (RR,
1.55; 95% Cl, 1.43-1.69). After we found the high heterogene-
ity presented in Figure 5 and no single relevant CHD adjust-
ment factor, including age, sex, and smoking, we deleted the
Holmlund study. The adjustment factors in Figure 6 are smok-
ing and hypertension, which shows the risk of CHD after sen-
sitivity analysis. The I? value, which was lower than the orig-
inal data, was 59.3% in the <10 teeth group. Figure 6 shows
the relationship between the number of teeth and the risk of
coronary heart disease after sensitivity analysis: 24-17 teeth
vs 32-25 teeth (RR, 1.08; 95% Cl, 0.99-1.18); 16-11 teeth vs
32-25 teeth (RR, 1.16; 95% Cl, 1.01-1.35); and <10 teeth vs
32-25 teeth (RR, 1.43; 95% Cl, 1.28-1.60).

Analysis of Publication Bias
The Begg plot in Figure 7 shows the estimated publication
bias of 10 studies on periodontal disease. The plot shows ba-

sic graphic symmetry and no evidence of significant publication
bias; however, the possibility of bias is not excluded (P>0.05).

Discussion

A number of systematic reviews and meta-analyses have in-
dicated that the presence of periodontal disease could be as-
sociated with an increased risk of CHD. However, the relation-
ship between periodontitis and cardiovascular disease risk

remains controversial. For example, among the 11 articles we
searched [15-25], 9 articles considered periodontitis as a risk
factor for CHD [15-22,25], but 2 articles did not have enough
evidence to support this view [23,24]. Researchers had grad-
ually identified an association between the number of teeth
and CHD. However, few studies reported the influence of the
number of teeth on the risk of CHD. We need more epidemi-
ological evidence to show that tooth loss is harmful for CHD.
Additionally, these relevant systematic reviews and meta-anal-
yses have significant differences in methodological conduct.
One of the main issues was that these published systematic
reviews and meta-analyses pooled data from studies with dif-
ferent designs, namely prospective cohort, retrospective co-
hort, case-control, and cross-sectional studies [39]. In the 13
systematic reviews/meta-analyses [15-27], only the report by
Leng et al included prospective cohort studies [20]. To update
our understanding of the relationship between periodonti-
tis and CHD and to study the relationship between CHD and
tooth loss, our study included prospective cohort studies only
and analyzed 2 types of exposure variables: periodontitis and
the baseline number of teeth.

In 2018, Cheng et al [27] published a study to identify and quan-
tify the potential dose-response association between tooth loss,
cardiovascular disease, and stroke risk. Their meta-analysis re-
sults suggested that tooth loss is independently associated with
deleterious cardiovascular disease and incremental stroke risk.
The results showed a statistically significant incremental asso-
ciation between tooth loss and cardiovascular disease, with a
3% incremental increase of cardiovascular disease risk per 2
lost teeth. Compared with their study, our present study was a
prospective cohort study. Also, we developed a more detailed
classification of the relationship between the number of teeth
and CHD, with the number of teeth divided into 4 subsets: 32-
25 teeth, 24-17 teeth, 16-11 teeth, and <10 teeth. We then cal-
culated the risk of CHD for each of those individual sets.
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Table 4. Hazard ratio (HR) or risk ratio (RR) of included studies sorted by adjustment factors in meta-analysis with subgroup as
number of teeth.

Reference Subgroup Tooth count HR/RR (d} Adjustment
Joshipura 24-17 Remain tooth 1.08 0.88-1.33 Age, smoking
et al, 1996 16-11 1.12 0.76-1.64
10-06 1.4 1.04-1.87
24-17 1.04 0.85-1.28 Age; BMI; exercise; smoking habits;
16-11 1.06 0.72-1.56 alcohol consumption; family history of
10-0 1.32 0.98-1.77 MI before 60 years of age; VEc
24-17 1.03 0.83-1.27 Multivariate+diet?
16-11 1.04 0.71-1.54
10-0 1.29 0.96-1.73
Hujoel 24-17 Remain tooth 0.84 0.64-1.09 Multivariate®
et al, 2000 16-11 0.75 0.51-1.10
10-4 0.88 0.62-1.25
Hung 24-17 (man)? Remain tooth 1.15 1.00-1.32 Age, smoking
et al, 2004 16-11 1.41 1.11-1.80
10-0 1.49 1.22-1.83
24-17 (woman)? 1.28 1.03-1.60
16-11 1.6 1.15-2.22
10-0 2.13 1.70-2.65
24-17 (man)? 1.1 0.95-1.26 Age, smoking, alcohol consumption,
16-11 1.35 1.06-1.72 BMI, physical activity, family history
10-0 1.36 1.11-1.67 of MI, multivitamin supplement, VE,
24-17 (man)® 1.26 1.01-1.57 hypertension, diabetes, hormone
16-11 1.19 0.79-1.80 use, hypercholesterolemia in both
10-0 1.79 1.34-2.40 cohorts and professions for men only,
24-17 (woman)? 1.14 0.92-1.42 menopausal status
16-11 1.34 0.97-1.87
10-0 1.64 1.31-2.05
24-17 (woman)® 1.02 0.66-1.55
16-11 1.07 0.56-2.05
10-0 1.65 1.11-2.46
Holmlund 25-20 Remain tooth 1.94 1.17-3.21 Age, gender, and smoking
et al, 2010 19-15 3.45 2.04-5.84
14-10 3.3 1.82-5.99
<10 7.33 4.11-13.07
Liljestrand 2-4 Tooth loss 1.22 0.81-1.85 Age, sex, smoking, geographic variable,
et al, 2015 5-8 1.62 1.08-2.43 systolic blood pressure, blood pressure
9-31 1.99 1.37-2.89 treatment, cholesterol, HDL cholesterol,
32 1.65 1.09-2.50 education, existing diabetes

2 Coronary heart disease (CHD) incidence: symptomatic nonfatal myocardial infarction (MI), fatal CHD, or sudden death.

> CHD mortality. < Age (continuous); body mass index (5 categories); exercise (5 categories); smoking habits (current smoker [number
of cigarettes smoked: 1-14, 15-24, 25+], former smoker, or never smoked); alcohol consumption (7 categories); family history of
myocardial infarction before 60 years of age; vitamin E (5 categories). ¢ Dietary variables include dietary fiber and carrots. * Indicates
demographics and socioeconomic status, including age, sex, race, poverty index, and also cardiovascular risk factors (smoking,
cigarettes, blood pressure, cholesterol, diabetes, height, physical activity). HDL — high-density lipoprotein; VE — vitamin E.
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META-ANALYSIS

Study ID OR (95% CI) % weight
=
Gingivitis vs no PD _—l
DeStefano et al, 1993 1.05(0.88, 1.26) 7.24
Morrison et al, 1999 —— 1.54(0.89, 2.67) 077
Morrison et al, 1999 I | e 2.15(1.25,3.72) 0.78
Hujoel et al, 2000 ‘—.-— 1.17(0.84,1.61) 2.20
Hujoel et al, 2000 1.05(0.88, 1.26) 7.24
Wu et al, 2000 —— 1.03(0.87,1.21) 8.57
Subtotal (I-squared=40.8%, p=0.133) Iy 1.09(0.99,1.19) 26.81
1
Peridontitis vs no PD I_"
DeStefano et al, 1993 —_—— 1.25(1.06, 1.48) 8.37
Joshipura et al, 1996 |E.— 1.04(0.86, 1.25) 6.67
Morrison et al, 1999 I—Ig— 1.37(0.80, 2.35) 0.00
Hujoel et al, 2000 [*—.—— 1.20(0.90, 1.61) 2.76
Hujoel et al, 2000 ‘ —— 1.14(0.96, 1.36) 7.69
Wu et al, 2000 |' — 1.14(0.98, 1.34) 9.53
Howell et al, 2001 —_—— 1.01(0.82,1.24) 5.45
Mucci et al, 2009 l“ *l—.:l 1.40(1.10, 1.60) 6.64
Holmlund et al, 2010 -+ - 0.73(0.26,2.01) 0.22
Holmlund et al, 2010 -4 : 0.78(0.27,2.21) 0.21
Noguchi et al, 2014 — -+ 2.26(0.84,6.02) 0.24
Yuetal, 2015 ——._—J— 1.35(1.05,1.73) 3.74
Subtotal (I-squared=11.7%, p=0.330) O 1.18(1.10,1.26) 52.34
|
|
Edentulous vs no PD ‘
DeStefano et al, 1993 = 1.23(1.05, 1.44) 935
Morrison et al, 1999 — 1.90(1.17,3.10) 098
Wu et al, 2000 —— 1.13(0.98,1.32) 10.52
Subtotal (I-squared=51.6%, p=0.126) _o 1.20(1.06,1.34) 20.85
1
Heterogeneity between groups: p=0.280 :
Overall (I-squared=27.5%, p=0.120) ¢ 1.16(1.10,1.22) 100.00
1
T — T
166 1 6.02

Figure 2. Forest plot of comparison of gingivitis vs control (no periodontitis), periodontitis vs control, edentulous vs control. The
outcome is coronary heart disease after the confounding factors were merged.

The results of our study demonstrated a statistically signifi-
cant relationship between periodontal disease and the risk of
CHD (RR, 1.18; 95% Cl, 1.10-1.26). Furthermore, we identified
a 1.55 times increased risk (95% Cl, 1.43-1.69) for CHD in pa-
tients with fewer than 10 teeth. The RRs for patients with 24
to 17 teeth and 16 to 11 teeth were 1.12 and 1.28, respective-
ly. The risk of CHD increased to 1.89 for edentulous patients.
These data show the positive association of teeth number
with CHD risk, with a lower baseline number of teeth indi-
cating a higher risk of CHD. Based on the result of the pres-
ent meta-analysis, the prevalence and incidence of CHD were
significantly increased in patients with periodontitis, and this
conclusion is consistent with that of a previous meta-analy-
sis [40]. Because of the complexity and necessity of accurate
cardiovascular risk prediction, the 2019 guidelines for chronic

coronary syndromes from the European Society of Cardiology
(ESC) provided more detailed and critical elements based on
the findings of diagnostic cardiovascular tests [41]. This guide-
line specified the definition of levels of risk. In addition to the
number of teeth, cardiovascular disease risk is also linked to
the occurrence of ST segment depression, low exercise capac-
ity, and abnormal blood pressure response.

The eligibility criteria for studies we included in our analysis
were strict. The cohort study by Bahekar et al included patients
who already had coronary artery disease. Another prospective
cohort meta-analysis had a similar association [42]. Three trials
were excluded from our study for CHD because the index of
periodontal disease was different [43-45]. Study results have
demonstrated a meaningful relationship between periodontitis
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Study ID OR (95% CI) % weight

Peridontitis vs no PD

Joshipura et al, 1996 1.04(0.97, 1.25) 25.71

Morrison et al, 1999 1.31(0.78,2.19) 1.55

Hujoel et al, 2000 1.28(1.02,1.61) 7.94

Hujoel et al, 2000 1.24(1.08, 1.43) 20.99

Holmlund et al, 2010 - 0.73(0.26, 2.01) 0.40

Holmlund et al, 2010 - 0.78(0.27,2.21) 037

Noguchi et al, 2014 - 2.51(0.95,6.62) 0.44

Yuetal, 2015 1.34(1.12,1.62) 1214

Subtotal (I-squared=33.5%, p=0.161) 1.18(1.09, 1.28) 69.54

Gingivitis vs no PD

Morrison et al, 1999 ———— 1.45 (0.85, 2.48) 144

Morrison et al, 1999 A— 1.82(1.09, 3.06) 1.55

Hujoel et al, 2000 0.99(0.77,1.28) 6.40

Hujoel et al, 2000 1.02 (0.8, 1.18) 19.22

Subtotal (I-squared=50.6%, p=0.108) 1.06 (0.94,.1.20) 28.62

Edentulous vs no PD

Morrison et al, 1999 _— 1.89(1.18,.3.04) 1.85

Subtotal (I-squared=.9%, p=) e 1.89(1.18,3.03) 185
|

Heterogeneity between groups: p=0.043 :

Overall (I-squared=47.6%, p=0.029) o 1.16 (1.09,1.23) 100.00
:

T . T
51 1 6.62

Figure 3. Meta-analysis results of the relationship between periodontal condition and the risk of coronary heart disease adjusted by

demographics and socioeconomic status.

and the existence of various types of cardiovascular disease;
for example, Shi et al assessed the strength of the association
between MI and periodontitis in case-controlled studies [46].
Indeed, a member of the transforming growth factor-f signal-
ing pathway may be a shared genetic risk factor of cardiovas-
cular disease and periodontitis, and proinflammatory genet-
ic factors may also explain some of our present findings [47].
The exclusion of self-reported CHD and subjective symptoms
like angina from our study were to minimize self-report bias
and improve the accuracy of our results, because these diag-
noses had not been confirmed by a clinician.

The relationship between the risk of tooth loss and CHD is ex-
plained by the association of oral infection and concomitant
inflammation with periodontal disease, whereby severe peri-
odontal disease causes tooth loss or even an edentulous jaw
[48]. One study on advanced periodontitis in adults found the
elimination of advanced periodontitis via full-mouth teeth ex-
traction can reduce systemic inflammation and thrombotic

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)
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cardiovascular disease risk [49]. Another study found that lo-
cal synthesis of inflammatory cytokines causes periodontal tis-
sue breakdown, resulting in loss of teeth, which leads to the
penetration of oral pathogenic bacteria and bacterial products
into the bloodstream, ultimately causing the increase in car-
diovascular events [11]. The findings of Vedin et al illustrat-
ed that characteristic biomarkers (high-sensitivity C-reactive
protein, interleukin-6, lipoprotein-associated phospholipase
A2, and N-terminal pro-B-type natriuretic peptide) were high-
ly expressed in populations with the highest tooth loss, using
multivariate analysis [50].

Regarding unhealthy periodontal conditions, there existed the
similar bidirectional logical relationship in teeth number on ac-
count of periodontitis and systemic diseases. Results of a 40-
year cohort study showed that adults with diabetes have lost
twice as many teeth as those without diabetes [51-53]. In ad-
dition, other diseases give rise to poor oral health conditions,
such as salivary gland disease, radiotherapy complications, and
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META-ANALYSIS

Study ID

Gingivitis vs no PD

DeStefano et al, 1993

Morrison et al, 1999

Morrison et al, 1999

Hujoel et al, 2000

Hujoel et al, 2000

Wu et al, 2000

Subtotal (I-squared=40.8%, p=0.108)

Peridontitis vs no PD
DeStefano et al, 1993
Morrison et al, 1999
Hujoel et al, 2000
Hujoel et al, 2000
Wu et al, 2000
Howell et al, 2001
Mucci et al, 2009

+ oniw

OR(95% () % weight

1.05(0.88, 1.26) 1.2
1.54(0.89, 2.67) 0.78
2.15(0.25,3.72) 0.79
1.17(0.84,1.61) 2.21
1.05(0.88, 1.26) 7.2
1.03(0.87,1.21) 8.61
1.09(0.99,1.19)  26.93

1.25(1.06,1.48) 8.41

1.37(0.80, 2.35) 0.81
1.20(0.90, 1.161) 2.77
1.14(0.96, 1.36) 1.72
1.14(0.98,1.34) 9.57
1.01(0.82,1.24) 548
1.40(1.10, 1.160) 6.67

Noguchi et al, 2014

Yuetal, 2015

Joshipura et al, 1996

Subtotal (I-squared=18.3%, p=0.275)

Edentulous vs no PD

Subtotal (I-squared=51.6%, p=0.126)

Heterogeneity between groups: p=0.265
Overall (I-squared=31.4%, p=0.094)

poetyl ity

DeStefano et al, 1993 1.23(1.05, 1.44) 9.39
Morrison et al, 1999 1.90(1.17,3.10) 0.99
Wu et al, 2000 1.13(0.98,1.32) 10.56

' 1.20(1.08, 1.34) 20.94

<

2.26(0.84,160) 0.24
1.35(1.05,1.73) 3.76
1.04(0.86, 1.25) 6.70
1.18(1.11,1.27) 5212

1.16(1.11,1.22)  100.00

|
166

ol *

6.02

Figure 4. Meta-analysis results of the relationship between periodontal condition and the risk of coronary heart disease adjusted by

smoking and hypertension.

AIDS. However, oral bacteria and metabolites cause other un-
explained infectious and non-infectious diseases (sepsis, 0s-
teomyelitis, arthritis). At the same time, almost all tooth loss
is caused by the bacterial population correlated to periodon-
titis or caries [54-56]. It has also been reported that missing
teeth are owing to lifestyle factors such as unhealthy nutrition
or smoking, oral care awareness, and educational and socio-
economic background [57].

Missing teeth can directly or indirectly affect dietary habits,
thereby changing nutrition intake. It is known that the decrease
in micronutrient intake from fruits and vegetables following
tooth loss can explain the association between the number of
teeth and CHD risk [58]. Batty et al showed the relationship be-
tween cigarette smoking or drinking and poor oral health, such
as tooth loss, and its relationship to CHD, providing another

indirect explanation [38]. Although the association between
CHD and periodontal disease is well established, health care
professionals also need to recognize the risk of tooth loss and
its effect on quality of life among people with CHD.

Advantages of the present research study, in contrast to other
studies, are the strict inclusion criteria for the population, peri-
odontitis diagnostic indicators, recording of number of teeth,
and update of the relevant data of cohort studies. There are
also several limitations. The grouping of individuals based on
the number of teeth was done differently in the various arti-
cles, and the present study ignored the differences in individ-
ual teeth, which can impact the accuracy of the result through
high heterogeneity. Moreover, the number of teeth does not
fully represent oral inflammation, even though most cases of
tooth loss are caused by periodontitis; other diseases can also
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META-ANALYSIS

Study ID OR (95% CI) 9% weight

24-17vs 32-25

Joshipura et al, 1996 1.04(0.85, 1.28) 471
Joshipura et al, 1996 1.03(0.83,1.27) 442
Hujoel et al, 2000 0.84(0.64.1.09) 2.82
Hung et al, 2004 1.10 )0.95, 1.26) 10.02
Hung etal, 2004 1.14 (0.92.1.42) 4.24
Hung etal, 2004 1.26(1.01,1.57) 4.1
Hung etal, 2004 1.02(0.66, 1.55) 1.10
Joshipura et al, 1996 1.08(0.88, 1.33) 4.69
Hung et al, 2004 1.15(1.00,1.32) 10.37
Hung et al, 2004 1.28(1.03, 1.60) 4.12
Holmlund et al, 2010 1.94(1.17,3.21) 0.78
Subtotal (I-squared=24.0%, p=0.215) 1.12)1.05,1.19) 51.43

16-11vs 32-25
Joshipura et al, 1996
Joshipura et al, 1996
Hujoel et al, 2000
Hung et al, 2004
Hung etal, 2004
Hung etal, 2004
Hung et al, 2004
Joshipura etal, 1996
Hung et al, 2004

1.06 (0.72.1.56
1.04(0.71.1.54
0.75(0.51,1.10
1.35(1.06,1.72
134(0.97.1.87 1.86
1.19(0.79,1.80 1.18

) 134
)
)
)
)
)
1.07(0.56, 2.05) 0.47
)
)
)
)
)

133
135
3.4

1.12 (0.76.1.64 135
1.41(1.11,1.80 3.42
Hung etal, 2004 - 1.60(1.15,2.22 1.85
Holmlund et al, 2010 1 3.30 (1.82.5.99 0.56
Subtotal (I-squared=55.9%, p=0.012) 9 1.28(1.15,1.42 18.12

1.32(0.98,1.77)

1.29(0.96, 1.73)

0.88(0.62, 1.25)

1.38(1.11,1.67) 479

1.64(1.31,2.05) 3.99

1.79(1.34,2.40) 2.35
)
)
)
)
)
)

10-0vs 32-25
Joshipura et al, 1996
Joshipura et al, 1996
Hujoel et al, 2000
Hung etal, 2004
Hung etal, 2004
Hung et al, 2004
Hung etal, 2004
Joshipura et al, 1996
Hung et al, 2004
Hung et al, 2004
Holmlund et al, 2010
Subtotal (I-squared=80.7%, p=0.000)

229
2.30
1.63

1.65 (1.11,2.46 1.26
1.40(1.04.1.87 232
1.49(1.22.1.83 4.86
2.13 (1.70, 2.65 4.06
ip— ] 33 (4.11.13.70 0.60
1.55(1.43,1.69 30.44

Heterogeneity between groups: p=0.000

Overall (I-squared=75.0%, p=0.000) 1.26(1.21,1.32) 100.00

| I
0765 1 13.1

Figure 5. Meta-analysis results of relationship between the number of teeth and the risk of coronary heart disease after the
confounding factors were merged.

cause tooth loss. Further study should explore the interaction
between periodontitis and other cardiovascular events, such
as ischemic heart disease or stroke.

Conclusions

In this present systematic review of cohort studies, the as-
sociation between periodontitis and CHD was found to be

meaningful, as was the preliminary exploration of the effect of
a reduced number of teeth on CHD. Although estimating car-
diovascular risk is still complicated in clinical work, the num-
ber of teeth is considered a risk factor for cardiovascular dis-
ease, however, not an independent one. Verifying the explicit
relationship between number of teeth and CHD requires the
further study of biological mechanisms.
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Study ID OR (95% (1) % weight
24-17vs 32-25
Joshipura et al, 1996 1.03(0.83,12.7) 8.39
Hujoel et al, 2000 0.84(0.64,1.09) 5.36
Hung et al, 2004 1.10(0.95, 1.26) 19.04
Hung et al, 2004 1.14(0.92,1.42) 8.06
Hung et al, 2004 1.26(1.01,1.57) 7.80
Hung et al, 2004 1.02(0.66, 1.55) 2.08
Subtotal (I-squared=14.7%, p=0.320) 1.08(0.99,1.18) 50.74
16-11vs 32-25
Joshipura et al, 1996 1.04(0.71,1.54) 253
Hujoel et al, 2000 0.75(0.51,1.10) 257
Hung et al, 2004 1.35(1.06,1.72) 6.48
Hung et al, 2004 1.34(0.97,1.87) 3.52
Hung et al, 2004 1.19(0.79.1.80) 224
Hung et al, 2004 1.07 (0.56, 2.05) 0.90
Subtotal (I-squared=55.9%, p=0.012) -<:> 1.16(1.01,1.35) 18.25
1
10-0532-25 '
Joshipura et al, 1996 — 1.29(096,1.73) 438
Hujoel et al, 2000 ﬁ ' 0.88(0.62,1.25) 3.09
Hung et al, 2004 —I-E_ 1.36 (1.1, 1.61) 9.10
Hung et al, 2004 ! 1.64(131,2.09) 757
Hung et al, 2004 : 1.79(1.34,2.40) 447
Hung et al, 2004 E 1.65 (1.1, 2.46) 240
Subtotal (I-squared=59.3%, p=0.031) : -o 1.43(1.28, 1.60) 31.01
)
1
Heterogeneity between groups: p=0.001 :
Overall (I-squared=58.4%, p=0.001) ¢ 1.20(1.12,1.27) 100.00
/]
)
1
| I
407 1 246

Figure 6. Meta-analysis results of the relationship between the number of teeth and the risk of coronary heart disease after sensitivity
analysis.

Begg’s funnel plot with pseudo 95% confidence limits Conflicts of Interest
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Figure 7. Publication bias in reference to periodontal disease.
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