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ABSTRACT
Objective Adults with congenital heart disease (CHD) are 
at increased risk of infective endocarditis (IE). Women with 
CHD have a lower IE risk, potentially due to gender-related 
differences in dental care. We aimed to assess self-
reported dental hygiene measures in adults with CHD, and 
to identify factors associated with good oral hygiene.
Methods and results Descriptive study includes 187 
adults with CHD at increased risk of IE. The patients’ IE 
knowledge was assessed using an adapted version of the 
Leuven Knowledge Questionnaire for CHD. Their mean age 
was 34.9±14.9 years, 73 of them (39%) were women, 91 
(49%) were at high risk for IE, including 66 (35%) with a 
prosthetic valve, 14 (7%) with a history of IE and 11 (6%) 
with cyanotic CHD or residual shunts/valvular regurgitation 
in the proximity of prosthetic material. The self-defined IE 
knowledge score did not differ between men and women 
(21.6±10.0 vs 23.4±10.0; p=0.225). 126 patients (67%) 
reported to have a good oral hygiene. Female gender (OR 
2.4, 95% CI 1.1 to 4.4), and a higher IE knowledge score 
(OR 1.2, 95% CI 1.1 to 1.5, per 5 points) were the variables 
independently associated with good oral hygiene.
Conclusions In adults with CHD, patients with a higher IE 
knowledge score and women are more likely to practise 
dental care as recommended. Gender differences in oral 
hygiene practise may explain the observed lower female IE 
incidence rate. Efforts to improve patients’ knowledge on 
IE are encouraged.

INTRODUCTION
Many adults with congenital heart disease 
(CHD) are at increased risk of infective endo-
carditis (IE). Their IE incidence rate of 1 per 
1000 patient-years is 10–30 times higher than 
the rate in the general population.1 2 As in 
other patient groups,IE is also a life-threat-
ening complication in patients with CHD 
with an in-hospital mortality of 2%–10%.3–5 
Interestingly, women with CHD have a 50% 
lower risk of IE than men, independent of 
the underlying defect.6Women in general are 
also less likely to have an IE recurrence.7 The 
reasons for this gender difference in IE risk 
are unclear. It was speculated that women 

may practise a better oral hygiene compared 
with men.8

Poor oral hygiene results in plaque and 
calculus accumulation around the teeth that 
can lead to gingivitis. Available evidence 
supports a relationship between oral hygiene 
and gingival disease parameters, and the risk 
of developing IE-associated bacteraemia after 
daily events such as toothbrushing.9 Current 
IE guidelines emphasise the importance of 
good oral hygiene in the prevention of IE and 
consider maintenance of optimal oral health 
even more important than prophylactic anti-
biotics for dental procedures.10 11
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KEY MESSAGES

What is already known about this subject? 
Many adults with congenital heart disease (CHD) 
are at increased risk of infective endocarditis (IE). 
Observational studies indicate that women with the 
same congenital defect have a 50% lower risk of IE 
than men, for unknown reasons. It was suspected that 
gender-related differences in oral hygiene might be 
one of the contributing factors.

What does this study add? 
We aimed to assess the level of oral hygiene measures 
in adults with CHD at increased risk of IE, and to 
identify patient-related characteristics associated with 
good oral hygiene. Our study showed that a better 
understanding of the endocarditis disease and female 
gender were independently associated with better oral 
hygiene.

How might this impact on clinical practice? 
Our study supports the hypothesis that gender-related 
differences in IE risk are related to oral hygiene 
measures. It provides further arguments that patient 
education plays an important role in IE prevention. 
Dental care issues should particularly be addressed 
in men, as they are less likely to follow standard 
recommendations for oral hygiene than women.  on M
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Predictors of good oral health in adult patients with 
CHD are largely unknown. The aim of this study was 
to assess self-reported dental hygiene measures in 
adults with CHD at increased risk of IE, and to identify 
patient-related characteristics associated with good oral 
hygiene. Our main study hypothesis was that women have 
a better self-reported oral hygiene than men.

METHODS
Study population
Between November 2012 and February 2014, patients 
with a regular follow-up at the Center for Congenital 
Heart Disease of the University Hospital Inselspital were 
invited to complete a questionnaire about IE knowledge 
and their oral hygiene practises, if they fulfilled the 
following criteria: (1) born at an even year, (2) age >16 
years, (3) at increased risk for IE. Patients with known-
learning disability were excluded. An increased risk of IE 
was defined as having a cardiac condition with moderate 
or high IE risk according to the 1997 published Amer-
ican guidelines for the prevention of IE.12 We included a 
broad variety of congenital heart defects from patients at 
moderate risk (eg. with a small ventricular septal defect 
or a stenotic bicuspid aortic valve) to patients at high 
risk (eg. after valve replacement or with cyanotic heart 
disease not amenable for repair). Data regarding patient 
characteristics and medical history were retrieved from 
the hospital records. The study had been submitted to 
the local ethical committee, who decided that no ethical 
approval and no informed consent were necessary for 
this questionnaire.

IE questionnaire/oral hygiene
Patients’ IE knowledge was assessed using parts of the 
Leuven Knowledge Questionnaire for CHD, developed by 
Moons et al.13 This questionnaire was designed to assess in 
adults with CHD the patients’ general knowledge about 
their heart defect, their treatment and the prevention of 
complications. Its IE part was adapted by adding addi-
tional IE-specific questions (table 1). The responses to IE 
questions were scored by two of the authors (MR-H and 
MS) by consensus as correct, partially correct or incor-
rect. The highest possible score was 40 points. In addition, 
patients were asked how often they brush their teeth 
and how often they have a dental check-up. A good oral 
hygiene was defined as toothbrushing twice or more a day 
and having at least one yearly dental check-up. This is in 
line with the current recommendations of the American 
Dental Association for routine dental care in adults.14

Statistical analysis
Data are presented as frequencies for categorical variables 
or as mean and SD for normally distributed continuous 
variables, and as median and IQR for non-normally 
distributed data. Between-group comparisons of contin-
uous variables were performed using a Student’s t-test or 
a Mann-Whitney U test for normally and non-normally 
distributed data, respectively. The chi-square test was used 

to evaluate differences between categorical data. The 
associations between good oral hygiene (yes or no) and 
patients characteristics (ie, age, educational background, 
gender, etc) were analysed with a univariate logistic 
regression model. Predictors of good oral hygiene with 
a p value <0.1 in the univariate analysis were included in 
a multivariate regression model. In all analyses, the null 
hypothesis was rejected for p values <0.05. All calcula-
tions were performed using STATA 12 statistical software.

RESULTS
Baseline characteristics of the cohort
A total of 198 individuals agreed to complete the ques-
tionnaire. Of 198 returned questionnaires, 11 were not 
analysed because the patient fulfilled not all the inclu-
sion criteria (n=6; not longer at increased risk for IE, 
eg, after spontaneous ventricular septal defect closure) 
or because the participant left more than half of the 
questions unanswered (n=5). In the end, 187 partici-
pants were included in the analysis. Their gender-specific 
baseline characteristics are presented in table 2. The age 
range of participants was 16–80 years. Fourteenper cent 
of patients were younger than 20 years, 33% in the age 
range of 20–29 years, 21% in the age range of 30–39 years 
and 32% in the age range of 40–80 years. According to 
previous guidelines,12 91 patients (49%) were at high risk 
for IE, including 66 patients with an artificial heart valve 
and 14 patients (7%) with a history of IE. Eleven (6%) 
patients had cyanotic heart disease or residual shunts/
valvular regurgitation in the proximity of prosthetic mate-
rial. No difference was seen between women and men 
with regard to baseline characteristics, and also the IE 

Table 1 Infective endocarditis questionnaire

Points

1. What is endocarditis? 8

2. Indicate the most typical sign of endocarditis? 8

3. Does your heart defect increase the risk of endocarditis?* 4

4. Do the following factors contribute to the onset of 
endocarditis?

  Smoking or drinking alcohol (correct answer no)* 1

  Skin infections (correct answer yes)* 1

  Dental abscess (correct answer yes) 1

  Piercings in oral cavity (correct answer yes) 1

  Tattoo (correct answer yes) 1

  Sexual activity (correct answer no) 1

  Poor nail and skin care (correct answer yes) 1

  Poor dental hygiene (correct answer yes)* 1

5. Can endocarditis damage your heart valves? (correct 
answer yes)*

4

6. When should you take antibiotics?* 8

Maximal knowledge score was 40. Questions marked with * were 
not included in the original Leuven Knowledge Questionnaire for 
Congenital Heart Disease.13
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knowledge score did not differ between male and female 
patients (21.6±10.0 vs 23.4±10.0; p=0.225). The IE knowl-
edge score per age and gender is depicted in figure 1.

Oral hygiene and dental check-up
Thirty-five patients (19%) indicated that they brush 
their teeth only once a day or less, and 152 patients 
(81%) indicated that they brushed their teeth at least 
twice a day. Thirty-five patients (19%) responded to have 
a dental check-up less than every year. Four patients did 
not respond to these questions. Among the 35 patients 
with no regular dental check-up, 10 (29%) did also brush 
their teeth less than twice a day compared with 15% of 
patients with regular dental check-up (p=0.055). Overall, 
126 patients (67%) were classified as having a good oral 

hygiene. The gender-specific differences in oral hygiene 
are listed in table 3. The mean age of patients with good 
oral hygiene was 33.9±13.8 years compared with 37.1±17.3 
years in the group without good oral hygiene (p=0.19). 
Nine of 14 patients (64%) with a history of previous 
IE reported to have a good oral hygiene, this propor-
tion was similar in patients without previous IE episode 
(117/169, 69%; p=0.70). Among patients with a college 
or university degree, 78% reported to have a good oral 
hygiene compared with 67% of patients without this level 
of education (p=0.20). Of the 71 women responding to 
these questions, 79% had a good oral hygiene compared 
with 63% of the men (p=0.02).

In a univariate logistic regression model, a higher IE 
knowledge score ((OR) 1.2, 95% CI 1.1 to 1.5, p=0.008, 
per five points on the score) and female gender (OR 2.4, 
95% CI 1.1 to 4.4, p=0.021) were each associated with an 
increased likelihood of a good oral hygiene. Neither the 
educational level (OR 1.8, 95% CI 0.7 to 4.4, p=0.213, for 
college or university degree), nor a history of previous 
IE (OR 0.8, 95% CI 0.3 to 2.5, p=0.701, for a previous IE 
episode), nor age (OR −0.07, 95% CI −0.017 to −0.03, 
p=0.187, per 5 years of older age), nor the complexity 
of the defect (OR 0.08, 95% CI −0.27 to −0.43, p=0.64), 
nor having a prosthetic heart valve (OR 0.30, 95% CI 
−0.34 to −0.95, p=0.36) were associated with self-reported 
good oral hygiene.

In a multivariate logistic regression model, female 
gender (OR 2.1, 95% CI 1.1 to 4.3, p=0.03) and a higher 
IE knowledge score (OR 1.2, 95% CI 1.0 to 1.5, p=0.012) 
were independent predictors of recommended oral 
hygiene practises.

DISCUSSION
In the present study of adults with a congenital heart 
defect at increased risk of IE, female gender and a higher 
IE knowledge score were both associated with a higher 
likelihood of self-reported good oral hygiene, indepen-
dent of the participants’ educational background, their 
IE risk and their previous medical history.

In the revised American guidelines for the preven-
tion of IE in 2008, the efficacy of antibiotic prophylaxis 
to prevent IE episodes was doubted, and attention was 
called tothe importance of good oral health and hygiene 
as preventive measures.11 In the most recent European 
guidelines from 2015, this concept has been preserved.10 
However, the guidelines are vague on what constitutes 
a good oral hygiene. National dental organisations, for 
example, the American Dental Organization or the 
German Dental Organization as European example, 
recommend all adults to brush their teeth twice a day 
and to schedule regular dental visits in order to maintain 
good oral health.14 In the present study, these general 
recommendations were used as specific definition of 
good oral hygiene for the patients.

In the most recent Swiss Health Survey published 
in 2012 and including >25 000 private households 

Table 2 Baseline characteristics, by gender

Females 
(n=73)

Males 
(n=114)

p 
Value

Age, years 35.1±14.9 34.8±15.1 0.916

Social background 0.953

  Basic school (n, %) 14 (19) 22 (19)

  Apprenticeship (n, %) 36 (49) 64 (56)

  College/university degree (n, 
%)

12 (16) 20 (18)

  Missing (n, %) 11 (15) 8 (7)

Living situation 0.776

  Living with parents (n, %) 16 (22) 27 (24)

  Living independently/with 
partner (n, %)

56 (77) 85 (75)

  Missing (n, %) 1 (1) 2 (2)

Complexity of cardiac defect 0.252

  Mild (n, %) 28 (38) 39 (34)

  Moderate (n, %) 9 (12) 25 (22)

  Severe (n, %) 36 (49) 50 (44)

Functional class 0.058

  NYHA I (n, %) 44 (60) 87 (76)

  NYHA II (n, %) 23 (32) 20 (18)

  NYHA III (n, %) 6 (8) 7 (6)

Cyanotic heart disease (n, %) 6 (8) 5 (4) 0.277

Previous endocarditis (n, %) 7 (10) 6 (6) 0.382

Previous valve replacement (n, %) 26 (36) 40 (35) 0.941

Infective endocarditis risk 0.658

  Moderate (n, %) 36 (49) 60 (53)

  High (n, %) 37 (51) 54 (47)

Number of cardiac interventions 
in the past 0.680

  None (n, %) 16 (22) 20 (18)

1 (n, %) 20 (27) 27 (24)

2 (n, %) 17 (23) 27 (24)

3–4 (n, %) 20 (27) 40 (35)

NYHA, New York Heart Association.
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throughout the country, 62% of the population reported 
to have had a dental visit in the previous year.15 In the 
age group of 15–74 years, regular dental visits were more 
frequent in women compared with men (68% vs 63%), 
in Swiss compared with non-Swiss citizens (63% vs 54%), 
and in those with higher incomes. Compared with other 
European countries, Swiss residents are slightly less likely 
to have a yearly dental visit.16 17 In Switzerland, dental visits 
are not covered by the compulsory basic health insur-
ance, probably explaining why adults with lower income 
may not be able to afford a yearly dental visit. In light 
of these numbers, the present study showed that adult 
patients with CHD went more often (79%) for dental 
visits than the average Swiss resident (p <0.001), and were 

also more likely to clean their teeth at least twice a day 
(74% in the Swiss Health Study vs 81% in our patients, 
p=0.022). As it had been reported for dental visits, Swiss 
women in general were more conscientious about daily 
dental care: 82% of women reported to brush their teeth 
twice or more a day compared with 66% of men. This atti-
tude is also reflected in the present study, although on a 
higher level of care. Therefore, the findings of this study 
are in favour of the hypothesis that better oral hygiene 
may contribute to the lower IE risk in women with CHD 
compared with men.

The observation that men are at higher risk of IE than 
women is supported by different publications. In 2004, 
Moreillon and Que quoted in a review analysing 26 publi-
cations with >3700 episodes of IE a male to female ratio 
of 2:1.18 In another epidemiological study from Olmsted 
County published in 2005, the age-adjusted incidence 
rate of IE over a 30 years period differed substantially 
in women versus men (2–4/100 000 patient-years in 
women and 8–12/100 000 patient-years in men).19 In 
the most recent data analysis of the CONCOR registry 
(CONgenital CORvitia Dutch national registry database) 
including >10 000 patients with a CHD, the HR for women 
to develop IE was 0.5 (95% CI 0.4 to 0.6) compared with 
men, adjusted for other known predictors of IE risk inpa-
tients with CHD.1 In the present study, the number of 
patients with a history of previous IE was similar in women 
and men. Given the low number of events in our small 
study population, the current survey was not powered to 
assess any gender-related IE risk difference.

The reasons for a gender difference in IE risk are 
unknown. A less risky behaviour in women versus men was 
thought to contribute. Men are, for example, more likely 

Figure 1 Correlation between the IE knowledge score and age in men and women. IE, infective endocarditis.

Table 3 Infective endocarditis knowledge and oral hygiene, 
by gender

Females 
(n=73)

Males 
(n=114)

p 
Value

Total IE knowledge score 23.4±9.9 21.6±10.0 0.225

Oral hygiene
Toothbrushing 0.030

  Less than twice a day (n, %) 8 (11) 27 (24)

  Twice a day or more (n, %) 65 (89) 87 (76)

Dental visit 0.320

  Less than every year (n, %) 11 (15) 24 (21)

  Yearly or more (n, %) 60 (82) 88 (77)

  Missing (n, %) 2 (2) 2 (2)

Good oral hygiene (n, %) 56 (79) 70 (62) 0.022

IE, infective endocarditis.
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to consume intravenous drugs than women, putting them 
at higher risk for right-sided and left-sided IE.20 On the 
other hand, other more common but less risky procedures 
like body piercing seem to be more common in women or 
in the case of tattooing, equally common in both sexes.21 
Vasoprotective effects of oestrogen were also discussed 
as explanation, rendering the endothelial lining of heart 
valves in women less susceptible to damage and therefore, 
less predisposed to infection with IE causing organisms.22 
As far as we know, a gender-specific difference in IE risk 
cannot be attributed to differences in oral bacterial flora.23 
In a recent study investigating systemically all patients with 
IE for the most likely port of entry of the disease-causing 
organism, an oral or dental port of entry was assumed in 
29% of all identified episodes.24 A dental infectious focus 
was more often involved than a dental procedure. All in all, 
it is reasonable to assume that dental hygiene plays a pivotal 
role in the prevention of IE, and gender-related difference 
in oral hygiene are a plausible reason for the higher IE risk 
in men compared with women.

Another important finding of this study was the inde-
pendent association of IE knowledge with good oral 
hygiene. This finding supports current concepts rein-
forcing the importance of patient education as a way to 
improve their cardiac-related outcome.25 In our institu-
tion, we routinely question patients with CHD about their 
IE knowledge and highlight the importance of a good 
oral hygiene.

The following limitations have to be acknowledged: 
the present study investigated a relatively small sample of 
patients, followed at a single tertiary centre. The results 
obtained at this centre may not be representative for 
other centres and countries. Furthermore, it is possible 
that patients responding to the questionnaire reported a 
better oral hygiene than they actually had. This bias and 
a selection bias of patients willing to participate in the 
survey were more likely to confound the results of this 
present study than they might confound the results of the 
anonymous and large scale Swiss Health Study, offering 
an explanation for the observed differences in dental 
care between the present patients and the general popu-
lation. It is however less likely, that these biases may also 
account for the observed gender difference in this study. 
In addition, assessing simply the frequency of tooth-
brushing does not provide the full picture regarding the 
overall quality of oral hygiene.

Based on this study results, it is recommended to rein-
force the importance of good oral care in daily clinical 
routine. Oral care issues should particularly be addressed 
in men, as they are less likely to follow standard recom-
mendations for oral hygiene than women. From a 
practical standpoint, the frequency and the duration and 
quality of oral care should be discussed.
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