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Abstract

Objectives: Cardiovascular disease (CVD) is a major cause of mortality; periodontal
disease (PD) affects up to 50% of the world's population. Observational evidence has
demonstrated association between CVD and PD. Absent from the literature is a sys-
tematic review and meta-analysis of longitudinal cohort studies quantifying CVD risk
in PD populations compared to non-PD populations. To examine the risk of incident
CVD in people with PD in randomised controlled trials and longitudinal cohort
studies.

Material and Methods: We searched Medline, EMBASE and Cochrane databases up
to 9th Oct 2019 using keywords and MeSH headings using the following concepts:
PD, CVD, longitudinal and RCT study design. CVD outcomes included but were not
restricted to any CVD, myocardial infarction, coronary heart disease (CHD) and
stroke. Diagnosis method and severity of PD were measured either clinically or by
self-report. Studies comparing incident CVD in PD and non-PD populations were
included. Meta-analysis and meta-regression was performed to determine risk of
CVD in PD populations and examine the effects of PD diagnosis method, PD sever-
ity, gender and study region.

Results: Thirty-two longitudinal cohort studies were included after full text screen-
ing; 30 were eligible for meta-analysis. The risk of CVD was significantly higher in PD
compared to non-PD (relative risk [RR]: 1.20, 95% Cl: 1.14-1.26). CVD risk did not
differ between clinical or self-reported PD diagnosis (RR = 0.97, 95% CI: 0.87-1.07,).
CVD risk was higher in men (RR: 1.16, 95% Cl: 1.08-1.25) and severe PD (RR: 1.25,
95% Cl: 1.15-1.35). Among all types of CVD, the risk of stroke was highest
(RR = 1.24; 95% Cl:1.12-1.38), the risk of CHD was also increased (RR = 1.14; 95%
Cl:1.08-1.21).

Conclusion: This study demonstrated modest but consistently increased risk of CVD
in PD populations. Higher CVD risk in men and people with severe PD suggests
population-targeted interventions could be beneficial.
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1 | INTRODUCTION
Cardiovascular diseases (CVD) are among the leading causes of mor-

tality generating severe burden on global healthcare
(Mahase, 2019); while periodontal disease (PD) also affects about
20-50% of the global population and PD prevalence has remained
consistently high over the past two decades (Kassebaum
et al., 2014). Observational studies have shown an association
between periodontal disease (PD) and cardiovascular diseases
(CVD). For example, a large cross-sectional analysis of a cohort of
60,174 people in Norway demonstrated odds ratio of 2.52 for devel-
oping atherosclerotic diseases in people with periodontitis (Beukers,
van der Heijden, van Wijk, & Loos, 2017). Increased risk of CVD
mortality has also been linked to men aged 30-64 years with severe
PD (adjusted hazard ratio = 2.13), inflammatory marker levels in men
with PD were also significantly higher than those without in this
cohort (Xu & Lu, 2011).

Causal links between PD and CVD have previously been postu-
lated. These investigations often implicate PD-associated bacteria
including Porphyromonas  gingivalis and Aggregatibacter
actinomycetemcomitans and their associated pathogens and inflam-
matory pathways as the cause (Bale, Doneen, & Vigerust, 2017; de
Boer et al., 2014; Gao et al, 2016; Liao et al, 2009; Mougeot
et al,, 2017; Sayehmiri et al., 2015). Socransky, Haffajee, Cugini,
Smith, and Kent Jr. (1998) suggested endotoxins sourced from the
oral microbiota can pathogenically disseminate throughout the body
while other findings indicate that P. gingivalis may be transported
around the body by erythrocytes (Belstrom et al., 2011; Socransky
et al., 1998). Pathogenic and systemic effects of bacteraemia have
also been observed in patients after oral procedures (Baltch
et al., 1988), advocating an additional possible causal association.
While there is still much to be learnt regarding the actual mechanism
between PD and subsequent CVD, the data linkage of electronic
dental, medical and insurance records permits non-intrusive obser-
vational research into associations between CVD and PD (Mark
Bartold & Mariotti, 2017).

Previous reviews have explored the relationship between PD
and CVD conditions. Liccardo et al. (2019) qualitatively reviewed
the evidence for associations between PD and CVD (Liccardo
et al, 2019). Furthermore, in a recent meta-analysis Aguilera
et al. (2019) found patients with periodontitis are 1.68 times more
likely to develop hypertension (Aguilera et al., 2019). PD is also
found to be associated with peripheral artery disease (PAD), stroke
and coronary heart disease (CHD) (Dietrich, Sharma, Walter, Wes-
ton, & Beck, 2013; Martin-Cabezas et al., 2016; Yang et al., 2018).
These reviews often incorporate the more widely available cross-
sectional studies which can provide prevalence estimates but do not
necessarily demonstrate the potential causal link between PD and
CVD (Slots, 1998).

Absent from the literature is a meta-analysis of longitudinal
cohort studies quantifying the risk of CVD in PD populations com-
pared to non-PD populations. Furthermore, as observational studies

can be highly heterogenous, meta-regression alongside a meta-
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analysis could allow the exploration of risk factors and study charac-
teristics and the effect to CVD risk.

The aim of the current investigation was to conduct a systematic
review to examine the risk of incident CVD outcomes in people with
PD compared to non-PD. In adhering to this aim, we sought to con-
duct a meta-analysis of studies that quantify risk of CVD in PD
populations, with additional meta-regression to evaluate the impact of
key risk factors. Full appraisal of the evidence quantifying this direc-
tional association will improve the understanding of PD prognosis and
highlight the requirement of improved oral health practice and

targeted chronic CVD prevention initiatives.

2 | METHODS

Study design—a systematic review of randomised controlled trials and
longitudinal cohort studies that examine the risk of CVD in people
with PD compared to a non-PD populations.

2.1 | Search strategy

The search string considered alternate terms and a variety of CVD
outcomes incorporating several relevant key words and Medical Sub-
ject Headings (MeSH) headings. The final Boolean search string was:
(periodon* OR tooth loss OR missing teeth) AND (atrial fibrillation OR
heart failure OR cerebrovascular accident OR stroke OR angina OR
acute coronary syndrome OR myocardial infarction OR peripheral vas-
cular disease OR hypertension OR cardiovascular disease) AND (inci-
dence) AND (cohort OR longitudinal OR randomi*ed controlled trial
OR RCT) (Table S1).

The search string was applied from database conception until 9th
October 2019 to Medline, EMBASE and Cochrane databases to
ensure retrieval of a broad scope of literature. Additional reference
checking and “citation snowballing” methods of key articles were also

undertaken to maximise search sensitivity.

2.2 | Study selection

Following database searches, retrieved studies were imported into a
citation manager and screened for duplicates using an automated sys-
tem. One author screened for title and abstract for eligibility with vali-
dation by a second author. Whole articles were examined for
eligibility before conducting data extraction and quality assessment.
Consensus for included studies was made between the authors and
disagreements were resolved by thorough discussion. A data extrac-
tion form was developed prior to the database search in order to iden-
tify key study information including population demographics, data
source, exclusion criteria, follow up period, outcome measure and lim-
itations of the study. Results from data extraction were monitored by
a second author and queries were discussed at length to ensure

adherence to the protocol.
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2.3 | Eligibility criteria
Strict eligibility criteria guided the search to ensure relevant study
inclusion, reduce heterogeneity and increase power of results. The

inclusion criteria were outlined as the following:

e Longitudinal retrospective/prospective cohort and randomised
controlled trials study design.
o PD population free from predefined systemic disease at
baseline.
o Minimum of 1-year follow-up period.
o Clinically diagnosed or self-reported PD.
o Clearly defined classification of CVDs.

o Peer reviewed articles and published in English.

Exclusion from the review was elicited if the study fell under one

of the following criteria:

e Cross-sectional, case-series or case-control study.

o Animal studies or studies on populations with predefined systemic
disease prior to follow-up.

e Protocols, abstracts, reviews or conference proceedings.

e Lack of validated or clearly defined diagnosis of PD.

e Absent or unclear definition of CVD.

e Risk of CVD not accessible.

The minimum follow-up period was 1 year following PD diagnosis
and populations with pre-diagnosed CVD conditions were not eligible
to ensure accurate CVD incidence calculation, rather than prevalence
of an undiagnosed condition that may have preceded PD. Clinical PD
classifications comprised clinical examination or the identification of
appropriate ICD-9/10 codes within electronic health records or insur-
ance databases. Questionnaire or interview responses were classified
as self-reported PD. Evaluation of dental hygiene, presence of dental
caries, cysts or lesions and other conditions such as gingivitis, peri-
implantitis and odontogenic infection were not accepted as case defi-
nitions for PD as they are not directly attributed to PD (British Society
of Periodontology, 2016).

2.4 | Quality assessment
Quality assessment tools for observational studies can be contentious
(Sanderson, Tatt, & Higgins, 2007), therefore this review employed
the Risk of Bias in Non-Randomised Studies of Interventions
(ROBINS-I) recommended by Cochrane to determine risk of bias in
cohort and longitudinal observational studies (Sterne et al., 2016).
Results from the risk of bias assessment were conferred with a second
author and discrepancies discussed before finalising ROBINS-I assess-
ment table.

The review protocol was pre-registered to the PROSPERO data-
number:

base  before the (registration

CRD42019154897).

study  began
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2.5 | Statistical analysis

Odds ratios (OR), hazard ratios (HR) and relative risks (RR) were used
in different studies to quantify the risk of CVD. ORs and HRs were
converted into RRs according to Shor, Roelfs, and Vang (2017) to
increase the study size (Shor et al., 2017). The adjusted RRs were used
to pool for meta-analysis and adjustments of key confounders, such
as smoking, gender and age, were screened for each study. For inclu-
sion in meta-analysis, studies must have reported population numbers
for PD and non-PD and RRs or converted RRs should also be available
to be eligible for synthesis and pooling. Random effect meta-analysis
was performed for the overall CVD outcome and separately for each
individual CVD outcomes given that there were more than five stud-
ies reporting the same CVD outcome (Viechtbauer, 2010). Subgroup
analysis was performed for PD diagnosis method, PD severity, gender
and study regions. Meta-regression was conducted to compare the
risk of CVD between the subgroups (Viechtbauer, 2010). I? was used
to measure the study heterogeneity.

Potential publication bias was depicted by funnel plots and was
quantified by Egger's test. Forest plots were used to visualise the
pooled results for the overall risk of CVD and the individual CVD out-
comes (Higgins et al.,, 2019). Sensitivity analysis was conducted to
assess the effect of the study characteristics on the risk of CVD. For
those included studies not eligible for meta-analysis, key study fea-
tures were narrated in the results.

3 | REVIEW

A total of 1,563 studies were retrieved from the initial search. After
screening, 129 studies were screened for the full content, and 32 stud-
ies were included (PRISMA flow chart, Figure 1). Two studies were
excluded from meta-analysis as raw data concerning sample sizes
could not be extracted (Abnet et al, 2005; Holmlund, Lampa, &
Lind, 2017).

Included studies were published between 1993 and 2019 and are
fully described in the supplementary file (Table S2). Most studies were
based in United States (n = 16), the remaining studies used data from
developed countries across Europe, Asia and Australia. Median follow
up period was 14.5 years (Interquartile range: 10.0-20.3 years). Of
the 32 included studies, 22 of them were prospective cohort studies,
and 21 of them used cohorts with clinically diagnosed PD (Table 1).
Fourteen studies examined the risk of CVD in men, while six studies
reported CVD risk in women. All studies reported age-adjusted risk of
CVD however five studies did not adjust for smoking. See Table S2
for more details.

According to ROBINS-I assessment, 21 studies were categorised
as critical risk of bias, and the remaining 11 were at serious risk (-
Table S3). There was significant risk of publication bias as demon-
strated in a funnel plot (Figure S1) and by Egger's test (Egger's test:
B =291,p=.004).

Overall, random effects meta-analysis demonstrates that there is

a significant increase in risk of all incident CVD in PD population
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FIGURE 1 PRISMA flow chart demonstrating search strategy. Note: coronary heart disease (CHD), cardiovascular disease (CVD), myocardial

infarction (MI), number of studies (n), periodontal disease (PD)

compared to non-PD population (RR = 1.20, 95% Cl: 1.14-1.26;
Figure 2). There was quite high heterogeneity (I? = 97.3%) due to the
large sample size in most studies. For individual CVD outcomes with
more than six reporting studies, the risk of stroke in PD increased by
24% in PD (RR = 1.24, 95% CI: 1.12 to 1.38; Figure S2), and the risk
of CHD increased by 14% (RR = 1.14, 95% Cl: 1.08-1.21; Figure S3).
While there was an increased risk of M, the precision of the estimate
based on the confidence interval bounds was not significant
(RR =1.12, 95% Cl: 0.96-1.30; Figure S4).

Two studies were not included in meta-analysis as study numbers
of PD and non-PD were not available. Holmlund et al. (2017) found
increased risk of all incident CVD using clinical PD diagnosis
(RR = 1.18, 95% CI: 1.01 to 1.23) (Holmlund et al., 2017). Abnet
et al. (2005) also published increased risk of stroke in people with
more tooth loss (RR = 1.11, 95% Cl: 1.01-1.23) (Abnet et al., 2005).

Subgroup meta-analysis revealed that the risk of all incident CVD
in studies utilising clinical PD diagnosis was 22% higher in PD
(RR = 1.22, 95% Cl: 1.14-1.30) and in self-reported diagnosis was
17% higher in PD (RR = 1.17, 95% CI: 1.09-1.25) compared with non-
PD (Figure 2), and there was no significant difference in diagnosis
method using meta-regression (RR 0.97, 95% Cl: 0.87-1.07,
Table 2). The incident risk of CVD was 16% higher in men with PD
(RR = 1.16, 95% Cl: 1.08-1.25) and 11% higher in women with PD

(RR = 1.11, 95% Cl: 1.02-1.22) compared with non-PD (Figure 3),
however the CVD risk was not significantly different between male
and female (RR = 1.04, 95% Cl: 0.92-1.17).

The risk of incident CVD increased ascendingly with the PD
severity (Figure 4) from 9% for mild PD (RR 1.09, 95% ClI:
1.05-1.14), to 23% for moderate PD (RR = 1.23, 95% CI: 1.14-1.32)
and 25% for severe PD (RR = 1.25, 95% Cl: 1.15-1.35). The risk of
incident CVD was significantly higher in severe PD compared with
mild PD (RR = 1.11, 95% Cl: 1.00-1.22; Table 2).

Subgroup analysis by geographic regions demonstrated that the
incident CVD risk in European studies (RR = 1.36, 95% Cl: 1.20-1.54;
Figure 5) was 18% higher (RR = 1.18, 95% CI: 1.03-0.35; Table 2)
compared with studies from Asia/Australia, and 3% higher (RR = 1.03,
95% Cl: 0.93-1.13; Table 2) compared with studies from North

America.

Sensitivity analysis was conducted by excluding five studies with-
out adjusting for smoking, and this did not change the risk of CVD
(RR = 1.20, 95% Cl: 1.14-1.28; Figure S5). The effect of excluding
health professional's self-reported PD was also examined in a sensitiv-
ity analysis. This increased overall risk of CVD (RR = 1.24, 95% ClI:
1.14-1.34; Figure Sé). Risk of CVD with self-reported PD in non-
health professionals was 3% lower (RR = 0.97, 95% Cl: 0.84-1.13;
Table S4) compared to clinical PD diagnosis method.
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TABLE 1 Summary table of included studies, where conditions were not specified as stroke/CHDMI, these are classified as any CVD

Total PD Total study follow-up Risk
Study Study design population  Location  diagnosis = Outcome period (years) of bias
Abnet et al., 2005° Prospective 29,584 China Clinical Stroke 15 Critical
Batty et al., 2018 Prospective 626,106 Korea Clinical CHD 21 Serious
Beck et al., 1996 Prospective 1,147 USA Clinical CHD 18 Critical
+ stroke
Chen, Lin, Chen, & Chen, 2016 Retrospective 787,490 Taiwan Clinical AF 10 Critical
Choe et al., 2009 Prospective 679,170 Korea Clinical Stroke 14 Critical
Chou et al., 2015% Retrospective 27,146 Taiwan Clinical Any CVD 9 Critical
DeStefano, Anda, Kahn, Williamson, Prospective 9,760 USA Clinical CHD 16 Serious
& Russell, 1993
Dietrich et al.,2008 Prospective 1,203 USA Clinical CHD 35 Critical
Hansen, Egeberg, Holmstrup, & Prospective 100,694 Denmark  Clinical Stroke + Ml 15 Critical
Hansen, 2016
Heitmann & Gambourg, 2008 Prospective 2,932 Denmark  Clinical CHD 7 Serious
Holmlund et al., 2017° Prospective 8,999 Sweden Clinical Any CVD 34 Critical
Howell, Ridker, Ajani, Hennekens, & RCT 22,037 USA Self- Stroke + Ml 13 Critical
Christen, 2001 report
Hujoel, Drangsholt, Spiekerman, & Prospective 8,032 USA Clinical CHD 20 Serious
DeRouen, 2001
Hung et al., 2003 Prospective 45,094 USA Self- PAD 12 Critical
report
Hung et al., 2004 Retrospective 100,381 USA Self- CHD 12 Critical
report
Jimenez et al., 2009 Prospective 1,231 USA Clinical Stroke 34 Critical
Joshipura 1996b Prospective 44119 USA Self- CHD 6 Critical
report
Joshipura, Hung, Rimm, Willett, & Prospective 41,380 USA Self- Stroke 12 Critical
Ascherio, 2003 report
Joshy et al,, 2016 Prospective 172,630 Australia Self- CHD 5 Serious
report + stroke
LaMonte et al., 2017 Prospective 57,001 USA Self- CHD 12 Critical
report + stroke
Lee et al., 2013 Retrospective 719,436 Taiwan Clinical Stroke 10 Critical
Lee, Hu, Chou, & Chu, 20152 Retrospective 720,343 Taiwan Clinical Ml 10 Critical
Lee et al.,, 2017 Retrospective 354,850 South Clinical Stroke + Ml 12 Critical
Korea
Lin et al., 2019 Retrospective 161,923 Taiwan Clinical Stroke 10 Critical
Morrison, Ellison, & Taylor, 1999 Retrospective 9,331 Canada Clinical CHD 23 Serious
+ stroke
Mucci et al., 2009 Prospective 15,273 Sweden Self- CHD 37 Serious
report + stroke
Noguchi et al.,2014 Prospective 3,081 Japan Self- Ml 5 Serious
report
Rivas-Tumanyan, Spiegelman, Prospective 31,543 USA Self- Hypertension 20 Critical
Curhan, Forman, & report
Joshipura, 2012
Sen et al,, 2018 Retrospective 6,736 USA Clinical Stroke 15 Serious
Tu et al., 2007 Prospective 12,631 UK Clinical CHD 57 Serious
+ stroke

(Continues)
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TABLE 1 (Continued)
Total
Study Study design population
Wau et al., 2000 Prospective 9,962
Yu et al., 2015 Prospective 39,863

OpenAccess
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PD Total study follow-up Risk
Location  diagnosis Outcome period (years) of bias
USA Clinical Stroke 22 Serious
USA Self- Stroke + Ml 16 Critical
report

Abbreviations: AF, atrial fibrillation; CHD, coronary heart disease; CVD, cardiovascular disease; MI, myocardial infarction; n, number of studies; PAD,
peripheral artery disease; PD, periodontal disease; RCT, randomised controlled trial.

3Studies that did not adjust for smoking.
bStudy not included in meta-analysis.

Population Number

Study by Diagnosis PD Non PD Weight RR [95% CI]
Clinical Diagnosis

Batty 2018 239829 2207568 - 5.29% 1.03[1.01,1.04]
Beck 1996 486 1808 ; F = { 2.28% 1.69[1.26, 2.26]
Chen 2016 393745 393745 ; - 5.17% 1.31[1.25,1.36]
Choe 2009 258334 1826766 Pom 531% 1.10[1.10,1.11]
Dietrich 2008 309 393 ] 3.47% 1.04[0.87,1.25]
Hansen 2016 17691 83003 : —— 5.05% 1.55[1.46, 1.64]
Heitmann 2008 1254 3216 P 3.36% 1.34[1.10, 1.62]
Hujoel 2001 1859 3752 . 3.84% 1.14[0.97,1.33]
Jimenez 2009 720 828 ——— 3.80% 1.05[0.90, 1.23]
Lee 2017 619296 800104 ‘m 5.29% 1.04[1.03, 1.06]
Lin 2019 87407 74516 Co—— 4.53% 1.16[1.04, 1.28]
Morrison 1999 2680 2226 — ] i 1.28% 1.44[0.92, 2.26]
Sen 2018 2719 5511 : f » ! 2.57% 1.94[1.50, 2.52]
Tu 2007 4145 14806 B — 3.87% 1.20[1.03, 1.40]
Wu 2000 6328 10902 e 3.30% 1.27[1.05, 1.55]
RR for CVD with Clinical (Q = 362.54, df = 14, p = 0.00; I = 99.2%) - 1.23[1.13,1.35]
Self Reported Diagnosis

Howell 2001 5306 38768 —a— 3.90% 1.01[0.87, 1.18]
Hung 2003 7313 113343 ] 3.12% 1.20[0.97, 1.48]
Hung 2004 27561 218460 : —— 4.78% 1.26[1.16, 1.37]
Joshipura 1996 7040 111237 f——— 3.82% 1.10[0.94, 1.29]
Joshipura 2003 6613 104301 : — . 3.22% 1.55[1.27,1.90]
Joshy 2016 200932 1409568 : . 5.06% 1.19[1.13,1.26]
LaMonte 2017 14847 42154 F—— 4.92% 1.06[0.98, 1.13]
Mucci 2009 1266 8654 P 3.76% 1.29[1.10, 1.51]
Noguchi 2015 739 2345 f f m—»033% 2.25[0.85,5.97]
Rivas-Tumanyan 2012 4641 26902 I—I—| 5.06% 1.07[1.01,1.13]
Yu 2015 14370 59574 . 3.63% 1.19[1.00, 1.41]
RR for CVD with Self Reported (Q = 33.32, df =10, p = 0.00; 1= 72.7%) ; - 1.17 [1.09, 1.25]
Overall RR for CVD (Q = 403.68, df = 25, p = 0.00; I> = 98.1%) : b - 100.00% 1.20 [1.14, 1.28]

T T 1
0.75 1 3

FIGURE 2
diagnosis method

4 | DISCUSSION

This systematic review and meta-analysis examined the risk of inci-
dent CVD in people with PD using the longitudinal cohort studies.
The findings demonstrate that there is a higher risk of all incident
CVD outcomes in PD populations compared to non-PD, and this risk
is consistent across the PD diagnosis method, PD severity, gender and

study regions. The risk of incident CVD is no different between

Forest plot illustrating results from random effect meta-analysis for the incident risk of all CVD in people with PD and by PD

clinical and self-reported diagnosis, or between male and female, but
the CVD risk is associated with PD severity and study regions.

The meta-analysis quantified the risk of incident CVD in people
with PD compared with non-PD. Our findings reflect qualitative con-
clusions from previous reviews. Dietrich et al. (2013) recounted signif-
icantly increased risk of CVD across 11 of 12 studies, however meta-
analysis was not attempted (Dietrich et al., 2013). Scannapieco, Bush,

and Paju (2003) also reported moderate positive association between
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TABLE 2 Results from meta-regression models demonstrating
between-group difference of PD diagnosis, gender, PD severity and
region as independent variables

Variable
Diagnosis method
Clinical
Self-reported
Gender
Female

Male

PD severity
Mild
Moderate
Severe
Region
Asia/Australia
Europe

North America

19
11

14

12
15
18

10
4
16

Risk ratio (95% Cl)

1
0.97 (0.87-1.07)

1
1.04 (0.92-1.17)

1
1.10(0.99-1.22)
1.11 (1.00-1.22)

1
1.18 (1.03-1.35)
1.03(0.93-1.13)

Abbreviations: Cl, confidence intervals; PD, periodontal disease; n, number

of studies.

Population Number

Clinical and Experimental Dental Research OpenAccess_Wl LEY 115

PD and CVD prevalence in a narrative review inclusive of cross-
sectional and case-control studies (Scannapieco et al., 2003). Our
study not only quantified the risk of all incident CVD, but also
included the risk of incident CHD, stroke, and MI. The finding of
increased risk of stroke and CHD have been reflected in previous
reviews (Bahekar, Singh, Saha, Molnar, & Arora, 2007; Lafon
et al., 2014). The increase in risk of M| was not significant in the pre-
sent study, as demonstrated by the precision of the estimate
according to confidence intervals. This could be due to sample size
limitations and also reflects conclusions from previous reviews
(Sidhu, 2016; Xu et al., 2017).

Though the association was not quantified, more recently the
causal relationship and mechanism between PD and CVD has been
explored, suggesting the two diseases are linked by shared inflamma-
tory pathways (Liccardo et al., 2019). Increased platelet count and
augmented C-reactive protein levels are indicators of systemic inflam-
mation that have been observed in both PD and CVD conditions
(Linden, McClean, Young, Evans, & Kee, 2008; Romandini, Lafori,
Romandini, Baima, & Cordaro, 2018; Sun et al., 2019). Disrupted cell
signalling induced by inflammation could induce cell death and result
in systemic symptoms such as those observed in CVD conditions (Sun

et al., 2019). There have also been findings that suggest PD treatment

Study by Gender PD Non PD Weight RR [95% CI]
Female

Batty 2018 52825 890262 - 7.75% 1.03[0.98, 1.07]
Choe 2009 41859 438681 - 7.72% 1.03[0.99, 1.08]
Heitmann 2008 622 1695 — = | 2.41% 1.25(0.93, 1.68]
Hung 2004 20942 114096 —a— 5.32% 1.36[1.18, 1.56]
LaMonte 2017 14847 42154 E 7.19% 1.06[0.98, 1.13]
Yu 2015 14370 59574 )—l—{ 4.55% 1.19[1.00, 1.41]
RR for CVD in Females (Q = 17.28, df = 5, p = 0.00; I = 85.8%) | 1.11[1.02, 1.22]
Male

Batty 2018 187004 1317306 - 8.09% 1.03[1.01, 1.05]
Beck 1996 486 1808 } = | 2.48% 1.69[1.26, 2.26]
Choe 2009 216475 1388085 | 8.15% 1.10[1.10, 1.11]
DeStefano 1993 2691 3288 P = { 2.62% 1.38[1.04, 1.82]
Dietrich 2008 309 393 f—I—i 4.27% 1.04[0.87, 1.25]
Heitmann 2008 632 1521 = { 3.00% 1.40[1.09, 1.81]
Howell 2001 5306 38768 I—I—{ 5.02% 1.01[0.87, 1.18]
Hung 2003 7313 113343 H—— 3.69% 1.20[0.97, 1.48]
Hung 2004 6619 104364 P —a— 6.30% 1.21[1.09, 1.34]
Jimenez 2009 720 828 l—'—l—{ 4.85% 1.05[0.90, 1.23]
Joshipura 1996 7040 111237 I—-—I—i 4.89% 1.10[0.94, 1.29]
Joshipura 2003 6613 104301 : | 3.87% 1.55[1.27, 1.90]
Noguchi 2015 739 2345 f m—» 0.31% 2.25[0.85, 5.97]
Rivas-Tumanyan 2012 4641 26902 - 7.51% 1.07 [1.01, 1.13]
RR for CVD in Males (Q = 95.20, df = 13, p = 0.00; I* = 96.6%) e 1.16 [1.08, 1.25]
Overall RR for CVD (Q = 26.08, df = 3, p= 0.00, 2= 90.7%) | | P - 1?0'00% 1.14 11.08. 1.211

0.75 1 3

FIGURE 3
subgroup

Forest plot illustrating results from random effect meta-analysis for the incident risk of all CVD in people with PD and by gender
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Population Number

Study by PD severity PD Non PD Weight RR [95% CI]
Mild

Batty 2018 188432 735856 }-| 4.82% 1.03[1.01,1.04]
Choe 2009 207059 608922 . | 4.86% 1.10[1.09, 1.10]
DeStefano 1993 2282 3542 e 2.61% 1.05[0.88, 1.26]
Dietrich 2008 140 131 [ C— | 1.54% 1.08[0.82, 1.44]
Heitmann 2008 574 1072 f ; = { 1.33% 1.22[0.89, 1.67]
Hung 2003 4998 37781 — = | 1.56% 1.19[0.90, 1.58]
Hung 2004 16415 72820 [ 3.53% 1.11[0.99, 1.25]
Joshipura 1996 4815 37079 }—-—| 2.20% 1.03[0.83, 1.27]
Joshipura 2003 4527 34767 } = { 1.65% 1.49[1.14, 1.95]
Joshy 2016 120052 469856 om 4.13% 1.12[1.03,1.21]
Sen 2018 1036 1837 : | = | 076% 1.82[1.16,2.86]
Wu 2000 2346 3634 < - f 1.02% 1.02[0.70, 1.48]
RR for CVD with Mild PD (Q = 63.29, df = 11, p = 0.00; I = 80.0%) : ‘ 1.09 [1.05, 1.14]
Moderate :

Batty 2018 32728 735856 |+l—{ 4.65% 1.03[0.99, 1.08]
Choe 2009 34191 608922 ]—.—{ 4.69% 1.28[1.23,1.33]
DeStefano 1993 1786 3542 D 2.78% 1.25[1.06, 1.48]
Dietrich 2008 91 131 | : = | 1.42% 1.17[0.87, 1.58]
Heitmann 2008 400 1072 — " | 1.23% 1.33[0.95, 1.85]
Hung 2003 991 37781 f : = { 0.68% 1.431[0.89, 2.30]
Hung 2004 3829 72820 e 2.41% 1.35[1.11, 1.64]
Jimenez 2009 456 414 < - | 0.54% 0.89[0.52, 1.54]
Joshipura 1996 950 37079 | = | 0.97% 1.04[0.71,1.53]
Joshipura 2003 903 34767 O - | 0.69% 1.68 [1.04, 2.69]
Joshy 2016 45692 469856 ; —a— 3.74% 1.26 [1.14, 1.40]
Lin 2019 87407 74516 |—.—| 3.76% 1.16[1.04, 1.28]
Sen 2018 793 1837 : } = P 0.75% 1.98[1.26, 3.12]
Tu 2007 3192 7403 - 2.46% 1.14[0.94, 1.38]
Wu 2000 1800 3634 f = | 1.06% 1.66 [1.15, 2.39)]
RR for CVD with Moderate PD (Q = 73.45, df = 14, p = 0.00; I = 70.6%) ‘ 1.23[1.14,1.32)]
Severe :

Batty 2018 18669 735856 [ 4.51% 1.03[0.98, 1.09]
Beck 1996 486 1808 : f » | 1.48% 1.69[1.26, 2.26]
Choe 2009 17084 608922 i = 4.36% 1.27[1.19, 1.35]
Chou 2015 13573 13573 D —a— 3.18% 1.24[1.08, 1.43]
DeStefano 1993 2150 3542 —a— 2.91% 1.23[1.05, 1.44]
Dietrich 2008 78 131 Q——| 0.89% 0.77 [0.51, 1.16]
Heitmann 2008 280 1072 } = | 1.08% 1.53[1.06, 2.19]
Hung 2003 1324 37781 < —u | 0.79% 1.05[0.68, 1.63]
Hung 2004 7317 72820 : I 3.02% 1.48[1.27,1.72]
Jimenez 2009 264 414 — 2.79% 1.07[0.90, 1.26]
Joshipura 1996 1275 37079 = » | 1.46% 1.29[0.96, 1.73]
Joshipura 2003 1183 34767 } » | 0.89% 1.62[1.08, 2.43]
Joshy 2016 35188 469856 i —a—] 3.60% 1.28[1.14, 1.43]
Noguchi 2015 468 2619 « = P 0.17% 1.96[0.71, 5.41]
Rivas-Tumanyan 2012 732 27112 —-— 3.15% 1.05[0.91, 1.21]
Sen 2018 890 1837 : ! - P 0.74% 2.03 [1.29, 3.20]
Tu 2007 953 7403 i - ! 1.71% 1.34[1.03, 1.74]
Wu 2000 2182 3634 — = { 1.42% 1.23[0.91, 1.66]
RR for CVD with Severe PD (Q = 64.92, df = 17, p = 0.00; I? = 71.6%) : ’ 1.25[1.15, 1.35]
Overall RR for CVD (Q = 249.78, df = 44, p = 0.00; I* = 90.5%) ‘ 100.00% 1.20 [1.15, 1.25]

| T |
075 1 3

FIGURE 4 Forest plot illustrating results from random effect meta-analysis for the incident risk of all CVD in people with PD and by PD
severity subgroup
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Population Number
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Study by Continent Non PD Weight RR [95% CI]
Asia/Australia

Batty 2018 239829 2207568 ; 4.69% 1.03[1.01, 1.04]
Chen 2016 393745 393745 4.55% 1.31[1.25, 1.36]
Choe 2009 258334 1826766 i 4.71% 1.10[1.10, 1.11]
Chou 2015 13573 13573 : 3.38% 1.24[1.08, 1.43]
Joshy 2016 200932 1409568 § 4.43% 1.19[1.13, 1.26]
Lee 2013 45296 208674 : 4.27% 1.15[1.07, 1.23]
Lee 2015 45575 208713 § 4.08% 1.23[1.12, 1.34]
Lee 2017 619296 800104 4.69% 1.04[1.03, 1.06]
Lin 2019 87407 74516 : 3.87% 1.16[1.04, 1.28]
Noguchi 2015 739 2345 : m— p0.24% 2.25[0.85,5.97]
RR for CVD with Asia PD (Q = 208.37, df = 9, p = 0.00; I* = 98.1%) : 1.20 [1.11, 1.30]
Europe

Hansen 2016 17691 83003 4.42% 1.55[1.46, 1.64]
Heitmann 2008 1254 3216 ] 2.71% 1.34[1.10, 1.62]
Mucci 2009 1266 8654 : f——— 3.09% 1.29[1.10, 1.51]
Tu 2007 4145 14806 . 3.20% 1.20[1.03, 1.40]
RR for CVD with Europe PD (Q = 13.22, df = 3, p = 0.00; I” = 71.3%) 1.36 [1.20, 1.54]
North America

Beck 1996 486 1808 | 1.75% 1.69 [1.26, 2.26]
DeStefano 1993 6218 10626 : 3.97% 1.18[1.07, 1.30]
Dietrich 2008 309 303 ——e 2.81% 1.041[0.87,1.25]
Howell 2001 5306 38768 . 3.22% 1.01[0.87,1.18]
Hujoel 2001 1859 3752 . 3.17% 1.141[0.97,1.33]
Hung 2003 7313 113343 ] 2.49% 1.20[0.97, 1.48]
Hung 2004 27561 218460 § 4.13% 1.26 [1.16, 1.37]
Jimenez 2009 720 828 —— 3.13% 1.05[0.90, 1.23]
Joshipura 1996 7040 111237 ——— 3.15% 1.10[0.94, 1.29]
Joshipura 2003 6613 104301 : —— 2.59% 1.55[1.27, 1.90]
LaMonte 2017 14847 42154 : 4.28% 1.06[0.98, 1.13]
Morrison 1999 2680 2226 { 0.94% 1.44[0.92, 2.26]
Rivas-Tumanyan 2012 4641 26902 4.43% 1.07[1.01,1.13]
Sen 2018 2719 5511 : | 2.00% 1.94[1.50, 2.52]
Wu 2000 6328 10902 e 2.65% 1.27 [1.05, 1.55]
Yu 2015 14370 59574 ] 2.97% 1.19[1.00, 1.41]
RR for CVD with North America PD (Q = 54.41, df = 15, p = 0.00; 1= 80.3%) ’ 1.15[1.09, 1.22]
Overall RR for CVD (Q = 416.89, df = 29, p = 0.00; 2= 97.3%) ’ 100.00% 1.20[1.14, 1.26]

0.75 1

1
3

FIGURE 5 Forest plot illustrating results from random effect meta-analysis for the incident risk of all CVD in people with PD and by

geographical region subgroup

may alleviate CVD symptoms and inflammation and the association
between conditions may be bi-directional (D'Aiuto et al., 2004; Roca-
Millan et al., 2018).

The present review revealed higher risk of CVD in males with PD
compared to females. Though meta-regression suggested that gender
does not affect the risk of CVD, previous research has indicated that
hormonal gender differences may result in different systemic patholo-
gies between males and females (Marchetti et al., 2012; Nazir, 2017).
Further research should include gender as a separate risk factor for
PD in order to explore this association.

Our finding of most increased CVD risk in severe PD has been
reflected in other systematic reviews (Dietrich et al., 2013; Martin-
Cabezas et al., 2016), however direct comparisons of findings cannot
be reliably made as these reviews did not produce meta-analysis or

consider risk of CVD in mild PD as a comparator, respectively. Our

study has demonstrated a gradient relationship between PD severity
and CVD risk. The higher CVD risk in the severe PD population indi-
cates that potential targeted intervention could be more effective in
reducing the CVD risk towards severe PD populations.

The utility of a proxy such as self-reported as evidence for a diag-
nosis of PD is controversial. The present review demonstrates little
difference in the risk of CVD using a clinical PD definition. Previous
research has indicated self-reported PD prevalence is underestimated
in  populations (Heloe, 1972; Pitiphat, Garcia, Douglass, &
Joshipura, 2002) with suggestions that validity of self-reported PD
may be population and question-dependent, with higher accuracy in
clinicians and for self-reported severe PD (Blicher, Joshipura, &
Eke, 2005; Heaton et al, 2017; Joshipura, Douglass, Garcia,
Valachovic, & Willett, 1996a). Given that several included studies
utilised data from the Health Professionals Follow Up Study and the
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Nurses' Health Study (Hung et al., 2003; Hung et al., 2004; Joshipura
et al., 1996b; Joshipura et al., 2003; Lee et al., 2017; Rivas-Tumanyan
et al., 2012), we conducted sensitivity analysis to determine the effect
of these populations on risk of CVD. The results of the sensitivity
analysis did not affect the risk of CVD, suggesting self-reported PD in
health professionals and the general public are viable for pooling in
meta-analysis. Our findings reflect previous research by Abbood, Hinz,
Cherukara, and Macfarlane (2016), who concluded validity of PD diag-
nosis is not compromised when using self-reported diagnosis as a
self-report (Abbood et al., 2016).

Several included studies did not adjust for smoking, a major modi-
fiable risk factor for PD (Chou et al., 2015; DeStefano et al., 1993;
Lee et al, 2017; Lee et al, 2015; Y. L. Lee et al, 2013; Lin
et al., 2019). Smoking is also significantly associated with all CVD out-
comes (Banks et al., 2019), in addition to increased periodontal tissue
attachment loss and destruction of alveolar bone (Gautam
et al, 2011). The results of the sensitivity analysis suggest adjust-
ments for smoking as a confounder may not significantly affect esti-
mates for CVD risk in people with PD. Stress is also another potential
confounder to both PD and CVD as it can have oral and systemic
pathological effects (Hawken et al., 2004; Jebi et al., 2017). This vari-
able was not consistently adjusted in the included studies and there-
fore we were not able to account for this in the meta-regression.
Further research is required to address the impact of confounding
effects further and form robust conclusions.

41 | Strengths and limitations

To our knowledge this meta-analysis is the first of its kind in this
area of research, consequently there are noteworthy strengths. By
utilising subgroup and meta-regression meta-analysis, we explored
the effect of PD diagnosis method, gender, study region, PD severity
on subsequent risk of all incident CVD and individual CVD condi-
tions. As such we were able to include more longitudinal studies
than before in a systematic review of this topic, and we were able to
investigate the impacts of risk factors on multiple CVD outcomes.
As only longitudinal and RCT studies were included in this system-
atic review, we were also able to draw causal inference. This review
strictly adhered to PRISMA guidelines which strengthens the reli-
ability of our report.

There are also some limitations to this study. Given that the eligi-
ble studies were observational by design there was high risk of bias,
confounding effects and heterogeneity across the pooled estimates.
We strove to account for this by undertaking full ROBINS-I assess-
ment to identify risk of bias, conducting subgroup random effects
meta-analysis and meta-regression, in addition to exploration by sen-
sitivity analysis. These analyses only accounted for some of the het-
erogeneity observed. Some population demographics such as age
could not be measured as full data was not available for all included
studies. Previous cross-sectional research has revealed strong associa-
tions to CVD in older aged patients with PD (De Angelis et al., 2018;
Singer et al, 2018). Future meta-analyses and meta-regressions
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incorporating age as a variable will improve understanding on the full
impact of this risk factor.

A major limitation of the present review is the relatively small num-
ber of eligible studies and inconsistent reporting of variables such as PD
severity, preventing robust conclusions. Accuracy of subgroup analysis
and meta-regression is dependent on a sufficient number of studies for
analysis. There were just four European studies included in the meta-
regression by region; while this demonstrated significant accountable
heterogeneity it should be interpreted with caution. The same is true
for subgroup analysis by CVD outcome, with only six studies reporting
risk of MI. Additionally, several included studies in the meta-analysis did
not report risk by PD severity (Chen et al., 2016; Hansen et al., 2016;
Howell et al., 2001; Hujoel, Drangsholt, Spiekerman, & DeRouen, 2001;
LaMonte et al., 2017; Lee et al, 2015; Lee et al, 2017; Morrison
et al., 1999; Mucci et al., 2009; Wu et al., 2000) preventing full investi-
gation of PD progression and the effect on CVD risk.

As PD can be diagnosed by a number of different classification
methods and case definitions, this demonstrates a potential source of
bias in determining PD prevalence within a study cohort. Rec-
ommended case definitions for PD are constantly being updated
(Highfield, 2009) and there is some uncertainty on what defines peri-
odontal health (Mariotti & Hefti, 2015). This review sought to account
for this by categorising observations by PD diagnosis method (clinical/
self-report), however there are still limitations to the clinical tools
used for PD diagnosis. For example, CAL may be an inappropriate
measure for early clinical classification as this is a manifestation of
moderate to severe PD (Tonetti, Greenwell, & Kornman, 2018). Dis-
ease symptoms can also vary by tooth type and number of sites mea-
sured, suggesting that whole mouth examination may be required for
accurate PD diagnosis (Heaton, Sharma, Garcia, & Dietrich, 2018).
Radiography may also not be a reliable tool for identifying PD as there
is evidence it severely underestimates intra-oral alveolar bone level
(Christiaens et al., 2018). While the present review did not find differ-
ences in CVD risk by PD diagnosis method, a universal case definition
for PD in research would eliminate potential for information bias and

inaccurate classification of PD within clinical PD case definitions.

4.2 | Clinical implications and future research

The findings from this systematic review reflect previous conclusions
that there is a significant association between PD and CVD. We have
demonstrated that the risk for CVD is high in people with PD; this risk
may also be markedly increased in men and people with severe grade
PD. Good practice in oral hygiene and targeting interventions in PD
populations is therefore essential towards preventing CVD outcomes.
Going forward, dental check-ups could be utilised as a screening tool
for both PD and CVD (Bui et al., 2019). For example, incorporation of
blood pressure assessment during dental check-ups may be a prime
opportunity for CVD screening as many patients frequent dental sur-
geries more often than their general practitioner (Holmstrup
et al., 2017). Our findings also indicate that PD precedes CVD and
early diagnosis of PD along with prompt management may prevent
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mortality and morbidity from CVD. Part of the management of PD tar-
gets systemic risk factors, such as smoking and stress, which are also
risk factors for CVD. Early interventions to target these risk factors
along with PD therapy to remove causative bacterial agents might
play a major role in preventing future CVD morbidity and mortality.

This review has also exposed several avenues for future research.
In the short term, a universal case definition for PD is essential.
Utilisation of a widespread definition will ensure continuity within
dental health research, reducing bias and possible heterogeneity in
meta-analyses (Caton et al., 2018). More studies examining risk of
CVD outcomes in PD, with adjustments for key confounders, are also
required to permit robust meta-analyses in the future. Recent
research has demonstrated a strong association of electronic cigarette
smoking and PD, with a higher risk of PD in people using e-cigarettes
compared to conventional cigarettes (Jeong et al., 2019). Smoking in
addition to other risk factors such as stress should also be adjusted
for in future analyses to ensure minimal confounding effects.

Patients usually have comorbidities. There is evidence showing that
PD, as well as CVD, are associated with other systemic disease such as
diabetes and rheumatoid arthritis. Therefore, treatment of PD may
improve not only CVD but other systemic outcomes additionally (Bui
et al., 2019; Falcao & Bullon, 2019; Nagpal, Yamashiro, & lzumi, 2015).
If PD causes systemic disease through shared inflammatory pathways,
then this could be a potential cost-effective treatment in preventing
and/or reversing CVD and other systemic diseases simultaneously.

5 | CONCLUSION

In conclusion, the results of this systematic review and meta-analysis
demonstrate increased risk of CVD in people with PD. Males and peo-
ple with severe PD have the highest risk of developing CVD indicating
possible target populations for future public health interventions and
screening. Further research is required to examine the cause of het-
erogeneity in the results and to form robust conclusions. A universal
clinical case definition for PD in future cohort studies should also be
adopted in order to account for possible heterogeneity.
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CLINICAL SIGNIFICANCE
Scientific rationale for the study

Worldwide, cardiovascular disease (CVD) is a leading cause of mortality;
periodontal disease (PD) is preventable yet affects up to 50% of the pop-
ulation. Evidence suggests the diseases share inflammatory pathways.

Principal findings

Meta-analysis shows consistently high risk of CVD in people with
PD. Higher risk of CVD was observed in males and those with severe
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PD, highlighting need for effective diagnosis and management in

preventing severe disease progression.

Practical implications

Dental professionals need to manage PD effectively, or ensure
prompt referral to periodontal specialists if PD does not remit, partic-
ularly for males who are at increased risk. Public health interventions
are required to target PD risk factors (poor oral hygiene, smoking and

stress) which also have associations with CVD.
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