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Review Article
Periodontal disease may increase the risk of coronary 
heart disease in Chinese population: evidence  
from a meta-analysis 
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Abstract: Aims: Many publications have been devoted to understanding the association between periodontal dis-
ease and coronary heart disease (CHD) susceptibility but seem to obtain inconsistent results. A meta-analysis 
was performed in this paper to quantitatively clarify the relationship between periodontal disease and CHD in the 
Chinese population. Methods: We searched articles related to this topic from the following databases (date range: 
from the beginning to July 2020): PubMed, Embase, Web of Science, the Cochrane Library, the Chinese Biomedical 
Database, and the Chinese National Knowledge Infrastructure. The overall and subgroup analyses were performed 
using the fixed-effects model to test for homogeneity or the random-effects model to test for heterogeneity. The 
strength of association between periodontal disease and CHD risk was evaluated by odds ratios (ORs) and 95% 
confidence intervals (CIs). Results: There were 2,777 CHD cases and 2,655 controls from 18 studies included in 
the meta-analysis. Overall, we found a positive association between periodontal disease and CHD risk in all of the 
included Chinese subjects (OR=3.42, 95% CI, 2.58-4.53). Subgroup analyses based on geographic location and 
sources of control were also performed. The results of subgroup analyses were entirely consistent with those of 
the overall analysis. Furthermore, a significant association was found among the measures of periodontal disease 
(e.g., attachment loss, periodontal index, two or more clinical indications, and gum recession and CHD assess-
ment method) according to WHO criteria and coronary arteriography. Conclusions: Collectively, the meta-analysis 
indicated that periodontal disease could cause CHD susceptibility in the Chinese population. However, our study 
had some limitations, and more researches involving a larger number of participants from different background are 
needed to verify these results.
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Introduction 

At present, cardiovascular diseases account for 
30% of all deaths worldwide. Moreover, the 
great majority of the disease burden is borne  
by developing countries [1]. The number of cor-
onary heart disease (CHD)-related deaths 
dropped significantly in the United States after 
peaking in around 1968 [2]. However, CHD has 
become a public health problem in the past few 
decades in China. The CHD mortality rate (per 
100,000 people per year) in China rose from 
95.3 in 1999 to 103.4 in 2008 [3]. In 2008, 
the crude incidence rate of ischemic heart dis-
ease was 12.7% in China’s urban population 

[4]. Although some influence factors of CHD risk 
have been explored, much about CHD cannot 
be explained by traditional risk factors. In 
recent publications, several pieces of evidence 
addressed the causes of chronic inflammation 
in CHD [5]. Interestingly, the periodontal dis-
ease was found to be related to the elevation  
of several markers of chronic inflammation. 
Therefore, we assumed an etiologic association 
between periodontal disease and CHD risk. The 
research on the association between periodon-
tal disease and CHD risk started a century ago. 
A large number of systematic reviews and meta-
analyses have assessed the potential associa-
tion between periodontal disease and the 
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increased risk of CHD [6-14]. But according to a 
scientific statement made by the American 
Heart Association in 2012, it was expounded 
that not enough evidence had been mastered 
to determine the causal relationship between 
periodontal disease and the CHD risk [15]. It 
still remained unclear whether this relationship 
was affected by ethnicity. Thus, we conducted 
a meta-analysis to explore the potential asso-
ciation between periodontal disease and CHD 
risk in the Chinese population.

Materials and methods

This study was conducted following the guide-
lines by the PRISMA Group.

Publication search and inclusion criteria

Articles related to this topic were searched in 
PubMed, Embase, Web of Science, the 
Cochrane Library, the Chinese Biomedical 
Database [CBM], and the Chinese National 
Knowledge Infrastructure [CNKI] databases 
from beginning to July 2020. The following key-
words were used: (“coronary heart disease” OR 
“coronary disease” OR “heart disease” OR 
“ischemic heart disease” OR “myocardial 
infarction”) AND (“periodontal disease” OR 
“periodontitis”) AND (“China” OR “Chinese”). 
No language restrictions were imposed. 
Moreover, the reference lists of the identified 
studies were manually checked to include other 
potentially eligible papers. Articles were select-
ed if they satisfied the following criteria: (1) 
case-control studies; (2) studies devoted to dis-
cussing the association between periodontal 
disease and CHD risk; (3) studies specifying 
odds ratios (ORs) and 95% confidence intervals 
(CIs); (4) studies involving the Chinese popula-
tion; (5) the study with the more complete data 
was used if two or more studies had partial 
overlaps. However, reviews, letters, case 
reports, and editorial articles were excluded.

Data extraction

The titles and abstracts of all possibly related 
papers were read to assess relevancy. The full 
texts of the articles would be reviewed if read-
ing the title and abstract alone were not suffi-
cient. Data were extracted from all eligible pub-
lications by two investigators independently. 
The following data were extracted: name of the 
first author; year of publication; geographic 

location; sources of control; number of partici-
pants; and measures of periodontal disease. 
Sources of control were divided into hospital-
based or population-based studies. The follow-
ing measures of periodontal disease in dental 
examinations were extracted: periodontal 
index, gum bleeding, attachment loss, gum 
recession, teeth loosening, inflammation/gingi-
vitis, and tooth loss. 

Statistical analysis

The strength of association between periodon-
tal disease and CHD risk was assessed by ORs 
with 95% CIs. Z-test was used to determine 
whether the pooled ORs were significant or not. 
The heterogeneity assumption was tested by 
Cochran’s Q statistic, and P<0.10 was consid-
ered as significant. When the level of heteroge-
neity was not significant, a fixed-effects model 
was used to estimate the pooled OR. Otherwise, 
the random-effects model was used. Sensitivity 
analysis was carried out by comparing the 
results of the fixed-effects model against those 
of the random-effects model. Egger’s test was 
selected to assess the potential publication 
bias. All of the above analyses were performed 
using Stata 12.0 (College Station, TX, USA), and 
P<0.05 indicated a statistically significant dif-
ference. In addition, hierarchical analyses by 
geographic location and source of controls 
were performed to further explore the associa-
tion between periodontal disease and CHD 
risk. Furthermore, studies reporting ORs sepa-
rately for dental and CHD assessments were 
pooled to examine how the strength of the 
association varied with the assessment 
methods.

Results

Research characteristics

One hundred and ninety-eight articles assess-
ing the association between periodontal dis-
ease on CHD risk were initially selected. Finally, 
eighteen articles [16-33] that met the inclusion 
criteria were included in the analysis. All of the 
eligible articles were published between 2001 
and 2019. A flow chart representing the study 
selection process is shown in Figure 1. There 
were 2,777 CHD cases and 2,655 controls 
involved in our analysis, who were included to 
assess the potential association between peri-
odontal disease and CHD risk in the Chinese 
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population. The quality assessment of individu-
al study was conducted with the  Newcastle-
Ottawa Scale [34]. The study characteristics 
are shown in Table 1.

Meta-analysis results

Overall, periodontal disease could significantly 
increase the risk of CHD (OR=3.42, 95% 
CI=2.58-4.53; Figure 2). Meanwhile, significant 
heterogeneity existed in the studies (I2=79.5%, 
P<0.001). All of the results of subgroup analy-
ses were consistent with those of the overall 
analysis (Table 2), suggesting that no single 
factor had a significant impact on the overall 
result. Furthermore, subgroup analysis was 
also conducted to explore the sources of het-
erogeneity. The subgroup analyses by geo-
graphic location and source of controls indicat-
ed a significant association between periodon-
tal disease and CHD in the northern and south-
ern parts of China. So did the population-based 
and hospital-based subgroup analyses. 

Some articles explained the indicators used in 
dental examinations and CHD assessment: 
attachment loss, periodontal index, two or 
more clinical indications, gum recession, alveo-
lar bone loss, WHO criteria, and coronary arteri-
ography. A significant association was found 
between the measures of periodontal disease 
with attachment loss, periodontal index, two or 
more clinical indications, and gum recession as 

using a funnel plot and Egger’s test (Figures 3 
and 4). However, the Egger’s test (t=2.70, 
P=0.016) was significant.

Discussion

The associations between periodontal disease 
and the risk of CHD and cardiovascular diseas-
es have been studied for many years. These 
diseases seem to share several common fea-
tures, such as high incidence in the elderly, 
smokers, and hypertensive patients [35]. Since 
periodontal disease and CHD are common dis-
eases, quantifying the association between 
them is vital for promoting public health [9]. Our 
study assessed the association between peri-
odontal disease (the severity of which was 
judged by attachment loss, periodontal index, 
gum recession, and alveolar bone loss) and 
CHD risk and found that periodontal disease 
might be a risk factor for CHD in the Chinese 
population. These analyses also provided the 
current assessment of the relationship between 
periodontal disease and CHD risk. The present 
study was intended to clarify the influence for 
Chinese only and therefore to reduce the influ-
ence of different geographic location back-
ground or lifestyle. 

Our meta-analysis included 18 studies involv-
ing 2,777 CHD cases and 2,655 controls. 
Pooled results from these studies suggested 
that periodontal disease patients had an over-

Figure 1. Flow diagram of the literature 
search. 

well as CHD assessment me- 
thod with WHO criteria and 
coronary arteriography (Table 
2). However, there was an 
insignificant association bet- 
ween dental assessment me- 
thod with alveolar bone loss.

Sensitivity analysis and publi-
cation bias 

Sensitivity analysis was car-
ried out to assess the stability 
of the results. All of the pooled 
ORs were significant in both 
the overall analysis and sub-
group analyses. Hence, the 
sensitivity analysis suggested 
that the findings from the 
present research were rela-
tively stable (Table 2). The 
publication bias was detected 
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Table 1. Characteristics of studies included in the meta-analysis

References Geographic 
areas

Sources 
of control

CHD Case 
number

Control 
number

CHD Cases Controls
Quality 
score

Dental assessment
method

CHD assessment
methodPeriodontal 

disease
No periodontal 

disease
Periodontal 

disease
No periodontal 

disease
Chen 2001 Guangdong PC 40 40 33 7 10 30 6 attachment loss WHO criteria

Lin 2001 Beijing HC 88 128 47 41 49 79 7 periodontal index WHO criteria

Liu 2003 Tianjin PC 216 216 92 124 26 190 8 periodontal index coronary arteriongraphy

Huang 2003 Shaanxi HC 146 136 76 70 44 92 7 two or more clinical indications coronary arteriongraphy

Tang 2004 Guangxi HC 250 250 156 94 115 135 7 periodontal index -

Liu 2006 Shandong HC 45 40 36 9 19 21 7 periodontal index WHO criteria

Zhang 2006 Xinjiang HC 277 238 152 125 71 167 7 attachment loss coronary arteriongraphy

Zhang 2006a Shandong HC 76 74 40 36 25 49 6 attachment loss coronary arteriongraphy

Li 2006 Shaanxi HC 357 305 307 50 220 85 8 periodontal index coronary arteriongraphy

Meng 2008 Heilongjiang PC 150 150 87 63 49 101 8 gum recession WHO criteria

Wu 2008 Hunan HC 77 75 65 12 26 49 6 gum recession coronary arteriongraphy

Dong 2009 Guangdong PC 161 162 122 39 97 65 8 alveolar bone loss coronary arteriongraphy

Chen 2011 Guangdong HC 46 34 37 9 10 24 7 alveolar bone loss coronary arteriongraphy

Zhang 2012 Hebei HC 162 162 110 52 89 73 7 gum recession coronary arteriongraphy

Liu 2016 Guangdong PC 276 235 152 124 70 165 8 two or more clinical indications WHO criteria

Zhang 2016 Hebei PC 200 200 109 91 9 191 8 two or more clinical indications -

Lu 2017 Jiangsu HC 150 150 126 24 96 54 7 two or more clinical indications coronary arteriongraphy

Li 2019 Shaanxi PC 60 60 13 47 7 53 6 two or more clinical indications -
HC, hospital controls; PC, healthy population controls.
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Figure 2. The forest plot on the association between periodontal disease and CHD risk in total analysis. 

Table 2. The association between periodontal disease and CHD risk among Chinese
Analysis model n ORr (95% CI) ORf (95% CI) Ph

Total analysis 18 3.42 (2.58-4.53) 3.03 (2.69-3.41) 0.000
Geographic areas
    South China 8 3.60 (2.42-5.36) 2.83 (2.38-3.35) 0.000
    North China 10 3.25 (2.13-4.97) 3.23 (2.74-3.80) 0.000
Control sources
    Healthy population controls 7 4.69 (2.58-8.53) 4.10 (3.37-4.98) 0.000
    Hospital controls 11 2.75 (2.10-3.58) 2.52 (2.17-2.93) 0.002
Dental assessment method
    attachment loss 3 3.86 (1.74-8.56) 3.10 (2.29-4.19) 0.012
    periodontal index 5 2.75 (1.82-4.17) 2.60 (2.11-3.19) 0.007
    two or more clinical indications 5 3.97 (1.87-8.41) 3.82 (3.05-4.79) 0.000
    gum recession 3 3.49 (1.47-8.27) 2.82 (2.10-3.78) 0.001
    alveolar bone loss 2 4.24 (0.93-19.21) 2.78 (1.81-4.25) 0.008
CHD assessment method
    WHO criteria 5 3.31 (2.10-5.24) 2.96 (2.33-3.76) 0.021
    coronary arteriongraphy 10 3.08 (2.27-4.19) 2.85 (2.44-3.33) 0.000
ORr: Odd ratio for random-effects model; ORf: Odd ratio for fixed-effects model; Ph: P value for heterogeneity test.
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all 3.42-fold increased risk of CHD compared to 
those without periodontal disease or the gen-
eral Chinese population. Hierarchical analysis 
was also conducted to further explore the influ-
ence of geographic location and sources of 
control. A significant association was found 
between periodontal disease and CHD risk in 
the northern and southern parts of China. 
Similar findings were obtained from hospital-
based and population-based subgroup analy-
ses. In addition, a significant association was 
found among the measures of periodontal dis-
ease with attachment loss, periodontal index, 
two or more clinical indications, and gum reces-

was higher than those in the published meta-
analyses with populations except Chinese. 
Sensitivity analysis confirmed the reliability and 
stability of our findings. Thus, our meta-analy-
sis strongly supported the association between 
periodontal disease and CHD risk in the 
Chinese population. 

Several limitations were present in our work. 
Firstly, a publication bias was identified, as 
most included studies reported positive results 
and they were more likely to be published. 
Secondly, we were unable to further analysis 
that may be affected by aging, cigarette smok-

Figure 3. Publication bias assessment using Begg’s funnel plot.

Figure 4. Egger’s linear regression.

sion as well as CHD assess-
ment method with WHO crite-
ria and coronary arterio- 
graphy. 

There have been several pub-
lished meta-analyses sug-
gesting that periodontal dis-
ease may contribute to the 
risk of CHD [6-14]. There is 
still a lack of standardized pro-
tocols for determining peri-
odontal disease and CHD. 
Some of the researches used 
self-report, which might under-
estimate the level of disease, 
while other studies involving 
the cases of gingivitis and 
periodontitis might overesti-
mate the disease prevalence. 
Thus, this problem is better 
addressed through a meta-
analysis in order to reach a 
consensus. On the other hand, 
we only included the Chinese 
population using consistent 
evaluation criteria for peri-
odontal disease and CHD, and 
conducting subgroup analy-
ses by geographic location 
and source of controls. Two 
more databases (CBM and 
CNKI) in Chinese language 
were searched and more 
Chinese participants included 
in our study than the previous 
meta-analyses. Furthermore, 
the pooled OR for the associa-
tion between periodontal dis-
ease and CHD risk in our study 
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ing, alcohol consumption, and dietary structure 
due to the limited data in each included study. 
Thirdly, CHD is a complex disease with many 
etiological factors, including environmental and 
genetic factors. However, some of the included 
studies in our meta-analysis did not consider 
the effects of environmental factors on CHD. 

Conclusion

In conclusion, the meta-analysis indicated that 
periodontal disease might cause CHD suscepti-
bility in the Chinese population. Although some 
limitations existed in our study, more research-
es recruiting a larger number of participants 
from different backgrounds are needed to veri-
fy our findings. We recommend preventing CHD 
by maintaining periodontal health, given the 
high mortality rate of cardiovascular diseases 
and the relatively minor morbidity of periodon-
tal therapy. 
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