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Brief title: Risk factor for oral endocarditis 

 

Summary: Patients with IE caused by microorganisms originating in the oral cavity do differ from other IE 

patients, mainly because of different oral hygiene habits (higher use of interdental manipulations, less 

toothbrushing after meals) but also because of a slightly higher rate of recent dental procedures.  

 

Abbreviation list 

IE: infective endocarditis 

UK: United Kingdom 

NICE: National Institute for Health and Care Excellence 

PCC: Predisposing cardiac condition 
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Abstract    

 

Background: To compare oral hygiene habits, oro-dental status, and dental procedures in patients with 

infective endocarditis (IE) according to whether the IE-causing microorganism originated in the oral cavity. 

Methods: We conducted an assessor-blinded case-control study in 6 French tertiary-care hospitals. Oral 

hygiene habits were recorded using a self-administered questionnaire. Oro-dental status was analysed by 

trained dental practitioners blinded to the microorganism, using standardized clinical examination and 

dental panoramic tomography. History of dental procedures was obtained through patient and dentist 

interviews. Microorganisms were categorised as oral streptococci or non-oral pathogens using an expert-

validated list kept confidential during the course of the study. Cases and controls had definite IE caused 

either by oral streptococci or non-oral pathogens, respectively. Participants were enrolled between May 

2008 and January 2013.  

Results: Cases (n=73) were more likely than controls (n=192) to be aged < 65 years (OR: 2.85; 95% CI 1.41-

5.76), to be female (OR: 2.62; 95% CI 1.20-5.74), to have native valve disease (OR: 2.44; 95% CI: 1.16-5.13), 

to use toothpicks, dental water jet, interdental brush and/or flossing (OR: 3.48; 95% CI: 1.30-9.32), and to 

have had dental procedures during the prior three months (OR: 3.31; 95% CI: 1.18-9.29), while they were 

less likely to brush teeth after meals. Gingival inflammation, calculus and infectious dental diseases were 

not significantly different between groups. 

Conclusions: Patients with IE caused by oral streptococci differ from patients with IE caused by non-oral 

pathogens regarding background characteristics, oral hygiene habits, and recent dental procedures, but 

not current oro-dental status. 

 

Key words: Endocarditis, prophylaxis, case-control study, hygiene, dental status 
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Introduction 

Infective endocarditis (IE) is a rare but severe disease with an in-hospital mortality rate of around 20% and 

a 5-year mortality rate of 40% [1]. It also has a high morbidity rate and cost burden: its treatment requires 

prolonged hospitalization; one out of two patients undergoes valve surgery during the acute phase of the 

disease [2]. IE antibiotic prophylaxis strategies have been therefore proposed for years to patients with IE 

predisposing cardiac conditions (PCC) undergoing invasive procedures responsible for bacteraemia [3, 4]. 

As the proof of their efficacy are lacking [5-7], guidelines have been altered towards a drastic reduction in 

antibiotic prophylaxis indications [3, 8-10]. An additional reason to reduce or abandon IE prophylaxis is the 

demonstration that “everyday low-level bacteraemia” that occur after toothbrushing, flossing, or chewing 

may outweigh post-dental procedure bacteraemia in terms of risk of IE [11-15]. The capability for a 

sustained low-grade bacteraemia –as a surrogate for everyday life bacteraemia– to induce IE has been 

confirmed experimentally, with 70% to 100% of animals developing IE, depending on the microorganism 

and the inoculum size [16].  

On the other hand, when considering the high number of patients with IE PCC (2.5% in the general 

U.S. population, 1.7% in the French population and 7% in people aged > 60 years) who are exposed to daily 

repeated bacteraemia capable of inducing IE, the rarity of IE is quite intriguing [14 , 17]. The role of dental 

hygiene is confusing too. Toothbrushing or flossing may increase the risk of oral streptococcal bacteraemia 

on a short-term basis, but may also decrease this risk of IE on a long-term basis. The development of IE as 

a result of everyday life bacteraemia may be determined by bacteraemia characteristics, themselves 

related to oral hygiene-habits and/or oro-dental status [18]. Furthermore, a trend towards an increased 

incidence of IE in the UK after the 2008-NICE guidelines were implemented, was recently reported, 

bringing back to the fore the possible role of dental procedures in the development of IE [19]. 

We hypothesized that oral hygiene habits and/or the oro-dental status of patients with IE caused 

by oral streptococci had peculiarities that could promote the development of IE, on top of everyday life 

bacteraemia. We therefore conducted a case-control study to examine the role of oral hygiene habits, oro-

dental status, and the recent performance of dental procedures in the development of oral streptococcal 

IE as compared to IE caused by non-oral microorganisms.  

Methods 

Setting and subjects 

This case-control study was conducted between May 2009 and January 2013 in 6 tertiary-care university 

hospitals in France. To minimize the potential role of confounders, we chose as controls instead of healthy 

subjects, patients with an IE caused by a non-oral microorganism. All consecutive adult patients with IE 



                                                                                                                                                                                                                                    5 

 

hospitalized in one of the participating centres were invited to participate in the study independently of 

patient and IE characteristics.  

 

Definitions of cases and controls 

Cases had a left-sided and/or right-sided definite IE due to oral streptococci, controls, IE due to a non-oral 

microorganism (supplementary methods) [20]. Right-sided definite IE in intravenous drug addicts were 

excluded in both groups. The microorganisms responsible for IE were identified in each local 

microbiological laboratory. Concordance between identifications in the local lab and in French national 

reference centre for streptococci had been assessed in a preliminary study of 162 streptococcal isolated 

which revealed a 97% concordance rate.  

 

Data acquisition and definitions 

Trained clinical research assistants prospectively collected clinical, biological and therapeutic IE data using 

a standardized case report form as previously described [21]. Each case report form was validated by an 

expert team as previously reported [20, 21].  

 

Oral hygiene habits 

Oral hygiene habits were recorded using a self-administered questionnaire which was filled out by the 

patient before the dental examination. This “oral hygiene” questionnaire collected information on 

frequency and conditions of toothbrushing (before or after meal) and interdental hygiene habits (use of 

toothpicks, of dental water jet, of flossing, and/or of interdental brush).  

 

History of dental procedures 

The history of dental procedures during the 3 months preceding IE diagnosis was obtained from the 

patients by a self-administered questionnaire and was cross-checked with the patient’s dentist whenever 

possible. We defined the day of IE diagnosis as the date of antibiotic initiation. When a subject had 

undergone more than one procedure during this period, that closest to the IE diagnostic date was 

considered. 
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Oro- dental status 

Clinical and X-ray examinations of teeth and periodontal tissue were conducted by trained practitioners, 

blinded to the IE-causing microorganism and patient’s hygiene questionnaire. Using a standardized 

questionnaire, 12 teeth (first incisor, first premolar and first molar or adjacent teeth if absent, on each 

quadrant) were assessed by measuring gingival inflammation (derived from [22]), common dental plaque 

[23], and calculus (derived from [24]), periodontal probe above 4 mm, gingival inflammation, dental 

plaque and calculus and tooth status (see supplementary materials).  

 

Statistical analysis 

First, a descriptive analysis was performed, considering patients’ characteristics, hygiene, and oro-dental 

status. Categorical variables were summarized by frequency and percentages and compared using χ2 test. 

Continuous variables were summarized by mean and standard deviation (SD) and compared using 

Student’s t test. Non parametric Wilcoxon and Fisher's exact tests were used to compare cases vs controls 

when parametric tests were not applicable.  

Second, a multivariate logistic regression model was built to determine factors associated with 

being identified as a case. All variables with a P value of < 0.20 in the bivariate analysis were entered into a 

multivariate logistic regression with a forward stepwise approach with a sle=0.1 and sls=0.05 in two steps: 

first by subgroup for each questionnaire and then overall. Missing data for potential predictors were 

recorded in a modality “Unknown”. Age was categorized in two classes “<65 years of age” / ”>=65 years of 

age” because of no adequacy with the model since Deviance test. Goodness-of-fit statistics were evaluated 

by Pearson Chi-square, deviance statistics. Interactions between explicative variables were tested. To 

estimate the proportion of IE due to a microorganism from the oral cavity that could be attributed to oral 

hygiene habits, oro-dental status and history of dental procedures respectively, we calculated the 

population-attributable risk (PAR%) for significant factors identified in multivariate analysis [25, 26]. We 

also performed sensitivity analyses, excluding IDU patients, or considering only dental procedures 

performed within 2 months prior to IE diagnosis. 

 

Number of patients  
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We initially calculated that with a prevalence of a risk factor of 50%, a power of 90%, an 0.05 level of 

significance (2-sided), the inclusion of 450 patients (with a 1/2 case/control ratio, chosen because of an 

expected lower incidence of oral streptococcal IE) would allow the identification of factor associated with 

oral streptococci IE, with an odds ratio of 2 or above. As the accrual rate was slower than anticipated, the 

scientific committee advised stopping the recruitment after 3.5 years and the enrolment of 380 patients. It 

was then calculated that the inclusion of 73 cases and of 219 controls (1/3 ratio) would allow the 

identification of factors associated with oral streptococci, with an odds ratio of 2.6 or above considering 

the same power and level of significance.  

 

Ethics 

The study was approved by the appropriate ethics committee (Comité de Protection des Personnes 

Besançon, N° 09.227), and the French Data protection authority CNIL. In accordance with French law on 

non-interventional studies, only oral informed consent was required. The study is reported according to 

STROBE (Statement for Reporting case-control studies) guidelines [27]. 

 

Role of the funding source 

The founders of the study had no role in the study design, data collection, data analysis, data 

interpretation or writing of the report. 

Results 

Patients' characteristics 

During the 57-month study period, 380 patients with IE were enrolled in the study, 323 of whom had a 

definite IE. Among these 323 patients, 11 had negative blood culture IE, 5 had an IE caused by two 

microorganisms (one oral and one non-oral), 33 patients had an IE caused by a microorganism which can 

be classified as oral or non-oral microorganisms and 9 patients were intravenous drug users with right-

sided IE. In the remaining 265 patients, 73 patients were categorised as cases, and 192 as controls (extra 

oral origin) (Figure 1). Patients' background characteristics, and IE features are presented in Table 1.  

 

Oral hygiene habits and history of dental procedures 
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Most patients (54.7%) reported brushing their teeth twice daily or more, 53.6% patients reported brushing 

teeth after meals. Interdental hygiene habits were reported by 39.6% patients. Dental procedures in the 3 

months prior IE diagnosis were reported by 8.8% patients (Tables 2; S1, S2) 

 

Dental and periodontal status 

Fourteen (6.2%) patients were totally edentulous. Gingival inflammation was noted in 62.3% of the 

patients, dental plaque in 39.9.0% and the presence of calculus in 11.8%; probing depth was above 4 mm 

in 28.4%. Data on dental caries, fractured teeth, impacted or partially erupted teeth are presented in Table 

3.  

 

Case-Control analysis 

In bivariate analysis, cases were younger, less frequently male, more frequently had a known native valve 

disease, and less frequently had a pacemaker and/or implantable cardioverter defibrillator than controls 

(Tables 2, 3, 4). Self-reported oral hygiene habits were different in cases and controls: toothbrushing after 

meals was less frequent in cases than in controls (44.8% vs. 58.4%, p=0.029), whereas use of toothpicks, 

and/or dental water jet and/or flossing was more frequent (55.2% vs. 32.9%, p=0.006). Pulpal necrosis was 

more frequently observed in cases than in controls (8.8% vs. 2.0%, p=0.026). Dental procedures had been 

performed during the previous 3 months in 16.9% of cases vs 5.8% of controls (p=0.002) (Table S1, S2).  

 In multivariate analysis, cases were more likely than control-patients to be aged < 65 years (OR: 

2.85; CI 95% 1.41 to 5.76), to be female (OR: 2.62; CI 95%: 1.20 to 5.74), to have a known native valve 

disease (OR: 2.44; CI 95%: 1.16 to 5.13). To take into account the interaction between brushing teeth after 

meals and interdental “hygiene” habits (use toothpicks, and/or dental water jet and/or interdental brush 

and/or flossing), composite combined variables were created. Cases were also more likely than controls to 

have interdental hygiene habits, not to brush teeth after meals (Table 4), or to have undergone invasive 

dental procedures during the previous three months (OR: 3.31; CI 95%:1.18 to 9.29). Periodontal status 

(gingival inflammation, calculus, probing depth and alveolar bone loss) was not significantly different in 

cases and controls. Goodness of fit statistics were far from statistical significance. Considering the 

population-attributable risk analysis (PAR%), dental procedures within the  preceding 3 months explained 

16.8% of streptococcal IE whereas incorrect and/or lack of oral hygiene habits explained 63.3% of them.  
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Discussion 

In this case–control study, we assessed simultaneously the different potential risk factors for IE due to oral 

streptococci, i.e. patients' background characteristics, oral hygiene habits, oro-dental status, and history of 

dental procedures during the previous 3 months. We showed that, compared with patients with IE due to 

non-oral pathogens, patients with oral streptococcal IE more frequently had a native valve disease, 

performed interdental oral hygiene habits, had recent history of dental procedures and less frequently 

brushed their teeth after meals, but did not differ in the studied oro-dental and periodontal status. 

 To minimise confounding factors we purposely chose controls among individuals suffering from IE. 

In most preceding studies, controls were individuals without IE, originating in the community or 

hospitalized on cardiology wards for a reason other than IE [5-7]. To have chosen as controls patients 

originating in the community would have led to a minimizing of the role of factors other than PCC which, 

while a rare condition, is nonetheless the most important IE risk factor. Conversely, to have chosen 

controls among known PCC patients would have eliminated patients corresponding to those developing IE 

without known PCC. This is crucial as approximately half of current patients with IE (46% in our study) have 

no previously known PCC upon IE diagnosis. The way we defined controls (a group of IE patients) made 

possible a global analysis of IE-associated factors, taking into account the cardiac conditions (previously 

known or not) which favour the implantation of the circulating microorganism onto the damaged valve. 

We minimised selection biases by enrolling all consecutive IE patients in the 6 participating centres. 

Whereas the study was conducted in tertiary-care hospitals specialized in IE with dental units, 

characteristics of IE cases and control-patients did not differ significantly compared to corresponding IE 

from the 2008 population-based study conducted in France in the 6 corresponding regions, except for age 

of case-patient (statistically lower in our case-control study), and rate of individuals without previously 

known IE PCC (lower in our case-patients - data not shown). Furthermore, patients characteristics we 

found associated with oral streptococci are those reported in the literature in the oral streptococci IE 

population [1]. Therefore, we believe that the results of the present case-control study can be extended to 

other IE patients. 

  This study enabled us to assess oral hygiene practices in a large proportion of IE-patients, which 

are rarely assessed to date [28]. The proportion of toothbrushing patient and daily frequency of 

toothbrushing did not differ between groups; however, toothbrushing after meals was less frequently 

reported in cases than in controls, which behaviour could favour the persistence of microorganisms carried 

by food in the oral cavity in cases. It can be compared to the higher rate of tooth micro-trauma such as 

those induced by interdental hygiene habits including uses of toothpick, dental water jet, flossing and 

interdental brush, all of which were more frequently reported in case-patients than in control-patients. 
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These micro-trauma have been identified as inducing viridans streptococcal bacteraemia, in proportions 

which are quite similar to those of invasive oral procedures for which antibiotic prophylaxis is 

recommended [29]. Of note, in the case-control study conducted by Strom, which compared 287 IE 

patients whatever the causative microorganism (33.1 % of the total cohort had viridans streptococcal IE), 

authors found no statistical differences in the practice of flossing as compared to a control population of 

healthy US individuals [6]. Our study results support the contention that oral hygiene habits (deficiency of 

some, or use of others, inducing everyday life bacteraemia) can cause IE of oral origin. 

 We also compared oro-dental status in both groups based on thorough dental exam performed by 

practitioners unaware of the microorganism responsible for IE. The literature presents conflicting results 

concerning the relationship between gingival or periodontal disease and the risk of bacteraemia after 

tooth extraction [18, 30, 31]. After toothbrushing, Lockhart et al. reported in individuals without IE visiting 

a hospital-based dental service, a higher risk of viridans streptococcal bacteraemia in those patients with 

high dental plaque and calculus scores [18]; among five gingival inflammation parameters measured, only 

one (bleeding with toothbrushing) was also associated with viridans streptococcal bacteraemia. In our 

study, we found no differences concerning either calculus score or gingival inflammation between cases 

and controls suggesting that the increased risk of IE-associated bacteraemia noted by Lockhart in patients 

with poor oral hygiene may be insufficient to induce endocarditis. Pulpal necrosis, a rare condition, was 

more frequently noted in case-patients, albeit only statistically significant in bivariate analysis. Of note, 

dental plaque, the precursor of calculus, was less frequently noted in cases than in controls. As dental 

plaque is an overly-sensitive marker of imperfect oral-hygiene, its analysis is complex in hospitalized and 

bed-ridden patients who frequently modify personal oral hygiene practices during hospitalisation. We thus 

decided not to consider this parameter in the multivariate analysis.  

Finally, we also studied history of dental procedures within the preceding 3 months, to take into 

account all potential IE risk factors. Three previous large case-control studies with different designs looked 

at the relation-ship between dental care and IE [5-7]. All were conducted before the implementation of 

Duke criteria. No previous study restricted their cases to IE patients with microorganisms originating in the 

oral cavity. Among these 3 studies, only ours performed in 1990 has found a relationship between scaling 

history and the occurrence of streptococcal IE [5]. In the present study, although a rare condition (16.9% 

of case-patients), dental procedures were statistically more frequent in cases than in control, when 

considering procedures performed within the 3 preceding months. Only a fraction of these procedures was 

performed in patients for whom antibiotic prophylaxis is currently recommended by most guidelines. In 

our study, the attributable risk of oral streptococcal IE due to dental procedures was far lower than that of 

oral hygiene. Incidentally, the numbers we report here confirm that antibiotic prophylaxis for IE during 

dental procedures, even if effective, could prevent only a very small proportion of all cases. 
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Limitations. Our study has some limitations. First, we did not assess all habits that could interfere 

with the risk of bacteraemia, such as the use of oral antiseptic mouthwash use, and chewing gum. Second, 

we assessed dental hygiene and oro-dental status after the IE onset and not before. We can wonder to 

what extent dental care performed before IE (and suspected of inducing IE) might have modified oral 

status analysed in our study; however, the sensitivity analysis excluding patients with dental care in the 3 

preceding months did not modify our results concerning oral status (data not shown). Finally, we 

considered a time interval of 3 months between dental procedure and the IE which may be too long. 

However, in a study analysing the time interval between the first symptoms of IE and the IE diagnosis, we 

showed that this time interval was greater than 1 month in 36 % of the oral streptococcus IE  which is 

concordant with the results of the sensitivity analyses [32].  

In conclusion, this case-control study shows that several parameters independently contribute to 

the development of oral streptococcal IE, reconciling the partisans of the everyday-life bacteraemia 

theory, and those of the post-invasive procedures bacteraemia theory. Among these promoting factors, 

orodental hygiene (overuse of lack of hygiene) is by far the most predominant one. IE is a multifactorial 

disease, with multiple promoting factors which must all be considered in a global IE prevention strategy 

[33]. 
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 Figure 1 : Flowchart 

Note: 

IE: infective endocarditis 

* Discordant microorganisms : Two microorganisms responsible for a single IE, from two different 
origins. 

** See methods. 
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Table 1: Background characteristics of case-patients and control-patients. 

 

 

 

 

 Whole 
population 

Cases  
Oral streptococcal 

IE 
 

Controls 
Non oral IE 

 

  

 265 73 (27.5%) 192 (73.4%)   
 N* %* N* %* N* %* p 

Patients’ characteristics        
Age, years (mean, SD) 60.8  16.7 55.5  17.6 62.8 15.9 0.002 
 Age ≥ 65 years 123 46.4 21 28.8 102 53.1 0.001 
Male sex  217 80.0 53 72.6 159 82.8 0.063 
At least one comorbidity 94 35.5 15 20.5 79 41.1 0.002 
Diabetes mellitus 48 18.1 9 12.3 39 20.3 0.132 
Cancer 41 15.5 6 8.2 35 18.2 0.044 
Dialysis 5 1.9 0 0 5 2.6 0.329 
Intravenous drug use 6 2.3 0 0 6 3.1 0.019 
Active smoking 51 19.8 15 21.7 36 19.0 0.631 
        
Cardiac history        
Underlying valve diseases (HD)        0.014 
 Prosthetic valve 67 25.3 18 24.7 49 25.5  
 Previously known native HD 76 28.1 30 41.1 46 24.0  
 No previously known HD 122 46.0 25 34.2 97 50.5  
Pacemaker and/or implantable 

cardioverter defibrillator 
29 10.9 2 2.7 27 14.1 0.008 

History of IE 21 7.9 7 9.6 14 7.3 0.536 

 

Note:  

* unless otherwise specified 

IE infective endocarditis 

Bold value: statistically significant 
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Table 2: Oral hygiene habits and dental procedures in the prior 3 months in case-patients and control-

patients. 

 

 

 Whole 
population 

Cases  
Oral streptococcal 

IE 
 

Controls 
Non oral IE 

 

  

 265 73 (27.5%) 192 (72.5%)   
 N % N % N % p 

Patient oral hygiene habits        
Tooth brushing frequency       0.623 

More than twice daily 37 16.2 9 13.6 28 18.1  
Twice daily 85 38.5 28 42.4 57 36.8  
Once daily 64 29.0 20 30.3 44 28.4  
Less than once daily 21 9.5 7 10.6 14 9.0  

Tooth brushing after meal 124 54.4 30 44.8 94 58.4 0.029 
Interdental hygiene habits        

Toothpicks use 64 29.2 24 36.9 40 26.0 0.154 
Dental water jet use 10 4.5 5 7.6 5 3.2 0.194 
Flossing 19 8.6 11 16.7 8 5.1 0.011 
Interdental brush 23 10.6 9 14.1 14 9.1 0.274 
At least one of these behaviours 89 39.6 37 55.2 52 32.9 0.006 

        
Dental procedures        

In the 3 months prior IE* 23 8.8 12 16.9 11 5.8 0.002 
In the 2 months prior IE 19 7.3 11 15.5 8 4.2 0.002 

In the month prior IE 7 2.7 3 4.2 4 2.1 0.393 

 

 

Note:  

IE infective endocarditis 

Bold value: statistically significant 

* When considering only patients with a predisposing cardiac condition at high risk of IE (prosthetic valve, 

history of IE and cyanotic cardiopathy), dental procedures in the previous 3 months were performed in 5.5 

% of cases vs 1% of controls (p=0.045); these figures were 12.3% and 1.5% when considering all patients 

with a IE predisposing cardiac condition (p<0.001) and 4.6% and 4% in patients without IE predisposing 

cardiac conditions (p=1). 
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Table 3: Oro-dental status in case-patients and control-patients. 

 

 

 Whole  
population 

Cases  
Oral streptococcal 

IE 
 

Controls 
Non oral IE 

 

  

 265 73 (27·5%) 192 (72·5%)   
 N % N % N % p 

Oro-dental status        
Oral hygiene surrogate marker        
Gingival inflammation*  127 62.3 38 61.3 89 62.7 0.310 
Dental plaque* 81 39.9 21 34.4 60 42.3 0.160 
Calculus* 24 11.8 7 11.5 17 12.0 0.400 
        
Periodontal status*        
Radiological periodontal disease 70 31.8 22 32.4 48 31.6 0.893 
Probing depth > 4 mm 58 28.4 17 27.4 41 28.9 0.359 
        

Dental diseases †        

Dental caries 120 54.3 35 51.5 85 55.6 0.574 
Apical or periapical focus of infection  54 24.5 15 22.1 39 25.7 0.566 
Fractured tooth 11 5.0 4 5.9 7 6.3 0.741 
Impacted tooth 24 10.9 9 13.2 15 9.8 0.449 
Partially erupted tooth  17 7.7 5 7.4 12 7.8 0.899 
Impacted root tooth  39 17.6 12 17.6 27 17.6 1.000 
Pulpal necrosis 9 4.1 6 8.8 3 2.0 0.026 
Suboptimal root canal treatment 83 37.7 27 39.7 56 36.8 0.685 
Alveolar bone loss 70 31.8 22 32.4 48 31.6 0.909 
Edentulous 14 6.2 2 2.9 12 7.6 0.237 

 

Note:  

IE infective endocarditis 

Bold value: statistically significant 

* See materials and methods 

† At least on tooth with the condition 
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Table 4: Factors associated with definite oral streptococcal infective endocarditis in 265 patients. 

  Bivariate analysis  Multivariate analysis  

Odds ratio  95% CI   p Odds Ratio  95% CI   p 

 Inf  Sup   Inf  Sup  
Age   <0.001  0.004 

< 65 years 2.81  1.57  5.02    2.85  1.41  5.76   

≥65 years 1        1       

Gender   0.069  0.016 

Male 1        1       

Female 1.82  0.96  3.44    2.62  1.20  5.74   

Preexisting cardiac conditions ~  0.009  0.043 

Valvular prosthesis  1.43  0.71  2.86    2.13  0.91  4.96   

Native valve diseases  2.53  1.34  4.78    2.44  1.16  5.13   

None 1        1       

Pacemaker and/or implantable cardioverter defibrillator  0.004   

No 1               

Yes 0.17  0.04  0.74           

Patient oral hygiene habits  <0.001  <0.001 

No interdental manipulation                 

With Tooth brushing after meal 1        1       

Without tooth brushing after meal 3.56  1.45  8.72    5.51  2.05  14.82   

Interdental manipulation                

With tooth brushing after meal 4.05  1.67  9.84    3.48  1.30   9.32   

Without tooth brushing after meal 5.83  2.20  15.41    8.32  2.70  25.58   

Unknown 1.16  0.38  3.53    0.63  0.16  2.49   

Edentulous 1.09  0.21  5.71    2.00  0.35  11.57   

Pulpal necrosis  0.001  0.017 

No 1        1       

Yes 4.84  1.17  19.96    2.80  0.49  15.99   

Unknown 0.31  0.12  0.82    0.27  0.09  0.76   

Dental procedures within the 3 preceding months*       0.005        0.023 

No 1        1       

Yes 3.33  1.40  7.94    3.31  1.18  9.29   
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Note: CI : confidence interval - Inf : lower limit - Sup : Upper limit; Interdental habits include toothpicks use, and/or dental water jet use and/or interdental brush and/or 

flossing*Dental procedures within the 2 preceding months (Odds ratio: 4.86 95% CI 1.58- 14.9, p=0.00 
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Figure 1. 

  


