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ABSTRACT

Aim: Poor oral health is related with bacteraemia that may lead to endocarditis in children with con-
genital heart disease (CHD). The aim of this study was to conduct a systematic literature review to
compare caries prevalence in children (<18years of age) with CHD with healthy children.

Material and methods: A literature search of studies from two online databases (Pubmed (MEDLINE)
and Scopus) published from January 2000 to October 2019 using Medical subject heading terms
Congenital Heart Disease, Congenital Heart Defect, and Caries was done, and manual search from the
reference lists of selected publications. PICO (Patient/Population, Intervention, Comparison group, and
Outcome) criteria was applied. Quality of the publications was assessed with the modified Newcastle-
Ottawa scale.

Results: The search resulted in 151 articles of which nine fulfilled the inclusion criteria. Caries preva-
lence was significantly higher in children with CHD compared to healthy children in three out of nine
studies. Information on predisposing background factors was limited but difference in caries preva-
lence was not attributed to SES. The quality of the studies varied.
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Conclusions:

Although evidence is limited, the current literature indicates that children with CHD

experience a higher caries prevalence compared to healthy children.

Introduction

The human heart develops during early embryogenesis with
chambers, septa and valves formed by the end of 9 weeks of
gestation. A disturbance in this process may result in an
anomaly, i.e. a congenital heart defect (CHD). These form a
substantial part of major congenital anomalies in children
with an incidence of 7-8 cases per 1000 live births [1].The
maintenance of optimal oral health in children with CHD is
important. The risk of infective endocarditis is increased in
children with major CHD and endocarditis prophylaxis is rec-
ommended [2,3].The risk for bacteraemia is more common
during daily oral hygiene routines, such as tooth brushing,
than during dental treatment [4].

Oral health is a key indicator of overall health, well-being
and quality of life. According to the World Health
Organization (WHO), oral health is a state of being free from
mouth and facial pain, and oral diseases and disorders that
limit an individual's capacity in biting, chewing, smiling,
speaking and psychosocial well-being. Tooth decay, i.e. den-
tal caries, is the most prevalent infectious disease in man
and affects nearly 500 million children around the world [5].
Dental caries is a multifactorial oral disease that is unevenly
distributed. Although the prevalence of caries has decreased
among children overall, there are important predisposing

factors in the general population. Socioeconomic status (SES;
e.g. mother’s and father’s years of education and nationality),
smoking and inferior parental oral health are considered as
major  predisposing factors for caries development
in children [6].

Chronic disease with or without challenges in family func-
tioning can also lead to a higher caries prevalence among
children. Many factors may predispose children with CHD to
develop caries during early childhood. Developmental
enamel disturbances of the tooth enamel have been
reported in children with CHD [7], and hypomineralization
defects, in particular, make teeth more vulnerable to early
childhood caries. Factors related with CHD management in
children challenge caregivers directly or indirectly in main-
taining child’s oral health. Heart failure related increased
need of calories lead to frequent dietary intake including
additional meals during night-time. Medications are often
provided in conjunction with sweetened yoghurt or jam, and
sweets may be used for motivational purposes. Recurrent
infections in early childhood can lead to an increased need
of fluids during night-time and the fluids used are occasion-
ally sweetened as well [8]. Diuretics decreases the amount of
saliva production [9] which increases the risk for caries as the
saliva serves as an important buffer in neutralising the acid
producing bacteria.
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Figure 1. PRISMA Flow Diagram of identification and selection of studies.

Treatment of early caries confers risks to children with
CHD. Dental treatments during early life commonly involve
procedures performed under general anaesthesia, due to dif-
ficulties in co-operation related with age and development. As
many anaesthetics alter hemodynamics, general anaesthesia is
considered a high-risk procedure for children with severe CHD
forms, and thus performed in tertiary care settings only.

By identifying caries in children with CHD, health care profes-
sionals could potentially implement reasonable and cost-effect-
ive preventive measures to address the problem in the early
stages. Gaps in parental knowledge could potentially be
addressed with counselling [10]. However, information on caries
prevalence in CHD children varies. Many of the published stud-
ies show high caries prevalence and other oral health problems
among children with CHD, while similar and lower caries preva-
lence in comparison to healthy children have also been
reported. Therefore, the aim of this study was to conduct a sys-
tematic review of dental caries prevalence in children (<18years
of age) with CHD in comparison with healthy children.

Material and methods
Search strategy and selection of publications

The search for all the relevant publications on dental caries
prevalence in children with CHD was performed in Pubmed
(Medline) and Scopus, with the search limited to articles pub-
lished between January 2000 and October 2019 to review
contemporary and relevant studies for the current and future
paediatric population. In addition, we performed a manual
search from the reference lists of the selected publications.
The Medical Subject Heading (MeSH) terms used for search in
Pubmed and search terms used for Scopus, were ‘Congenital
Heart Disease’, ‘Congenital Heart Defect’, and ‘Caries’.

After the literature search was performed the publication
selection process was conducted. The selection of the studies
is described in detail in Figure 1. One investigator (EK)
screened the articles from the primary search by title and
abstract following removal of duplicate studies, where after
case-reports, letters, notes, book chapters, conference papers
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or studies that did not fit the inclusion criteria
were excluded.

Publications that were not excluded based on the title
and abstract, were then included in full text for in-depth
assessment according to PICO criteria (Patient/Population,
Intervention, Comparison, Outcome) by two independently
working investigators (EK and MB) [11].

The selected studies had to include children under
18years of age (Population) with congenital heart disease
(Intervention/exposure), and include a comparison group
of healthy children (Comparison). Only studies that
reported dental caries according to the definition by the
WHO [12] as an outcome (Outcome) in cohort or cross-
sectional study settings (Study design) were included.
Furthermore, studies had to be peer-reviewed and written
in English. Studies including CHD children with other
comorbidities or syndromes (e.g. 22q11, Turner or Down
syndrome) and children with acquired heart diseases or
heart transplant recipients were included. Consensus
between investigators was obtained by discussion. There
was a strategy in case of disagreement to consult a third
reviewer, but this was never needed. The in-depth review
and careful assessment resulted in nine studies selected

for the systematic review.

Data extraction

Information from the articles was collected independently by
two investigators (EK and MB) using a predefined standard
data collection form. Agreement was assessed by discussion.
Information on author, year of publication, country, and
study design was collected. Type of CHD was collected and
categorized by one of the investigators (TS) as mild (grade
1), simple (grade 2), or complex-type (grade 3-4). Further
data included sample size of patients and controls, age of
study subjects (range and mean (SD), inclusion of syndromes
and other general diagnoses, dental caries prevalence, and
how caries was assessed.

Dental caries prevalence was extracted in accordance with
WHO criteria [12]. Significant caries index value (Sic; calcu-
lated as the mean of DMFT or dmft scores of the highest
one-third of all the participants) was also recorded.
Proportion of subjects with DMFT > 0 or dmft > 0 was also
registered. Level of significance was set at p <.05 in the ori-
ginal references.

Methodological quality

Assessment of the quality of the studies was done separ-
ately by the investigators (EK and MB) using a modified
Newcastle-Ottawa scale for cross-sectional studies. The ori-
ginal scale was designed for assessing quality of non-
randomized studies [13]. Disagreement between
investigators was solved by discussion. Three quality cate-
gories were assessed separately: 1) selection (four items),
2) comparability (one item), and 3) outcome (three items).
Each item generated 0 (not performed or inadequate) to 1
(adequate) score, except for comparability that generated 0

to 2. A total score (range 0-9) was calculated by adding
the scores of the different items.

The items of the modified Newcastle-Ottawa scale are
described in detail in Table 1. The items ‘sample size’ and
‘calibration’ were modified from the original scale. The
requirements for scoring in the second item ‘comparison
group’ was a comparison group of healthy children without
evidence of chronic disease or long term medication
obtained from a) the same community as the children with
CHD (i.e. community controls), or b) children referred to the
same hospital as the CHD group for investigation of sus-
pected CHD, but who did not fulfil diagnosis of CHD (i.e.
hospital controls).

The comparability category assessed whether exposed
and non-exposed individuals were matched in the design
and/or confounders were adjusted for in the analysis. For the
‘Follow-up’ item majority of patients had to be at least
3years of age, as caries progression into the dentine
requires time.

Results
Study selection

The identification and selection process of the studies is
described in a PRISMA Flow Diagram [14] in Figure 1. The
primary search resulted in 149 publications, from which eight
publications were selected and supplemented with one art-
icle from reference lists of selected publications. In total,
nine studies were included in the systematic review.

Study outcome

Dental caries prevalence in children with CHD and healthy
children is summarized in Table 2. The caries prevalence was
higher in children with CHD compared with healthy children
in seven out of nine studies, although the difference was
statistically significant (p <.05) in only three [15-17]. For pri-
mary dentition, dmft was 2.8 in children with CHD compared
with 1.4 for healthy children [16], and dmfs was 4.7 com-
pared with 2.1 for healthy children [17]. For primary denti-
tion 77,4% of CHD and 56,5% of healthy children, were not
caries free (dmft > 0), and the SiC value was 8.2 in children
with CHD compared with 5.9 for healthy children [15]. For
permanent dentition, DMFT was 2.0 in children with CHD
compared with 1.1 in healthy children in one study [16], and
1.3 compared to 0.6 in another [15]. For permanent teeth
53,1% of CHD and 34,6% of healthy children, were not caries
free (DMFT > 0), and the SiC value was 1.8 in CHD group
compared to 0.8 in the healthy children [15]. Lower caries
prevalence in children with CHD, compared with healthy chil-
dren, was also reported, yet the differences were not statis-
tically significant [18,19]. The children with significantly
higher caries prevalence, suffered from CHD, severity grades
2-4 in two studies [16,17] and severity grades 2 and 3 in
one study [15].
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P value
(CHD vs Q)
ns
ns
<0.05
>0.05

3.4)
0.6)

1.81 (3.6)
038 (1.2)

proportion Mean (SD)

Mean (SD)
CHD

or

1.57 (3.0)
0.77 (1.4)
CHD

47 (6.3)
0.6 (1.7)

Dental caries
prevalence
(dmft/DMFT or
dmfs/DMFS)

dmft
DMFT
dmfs
DMFS

Dental records and bite-wing radiographs from dental clinics

caries assessment
Clinical examination

Method of

Sample
size (N)
CHD: 86
C: 60
CHD: 76
C 47
CHD: 48
C 47
CHD: 41
[ex|
C: control group; CHD: congenital heart disease; DMFS: number of decayed, missed or filled permanent tooth surfaces; dmfs: number of decayed, missed or filled primary tooth surfaces; DMFT: number of decayed,

2-15 years
CHD: 6.88 (3.6)
C:7.02 (43)
2-15 years
CHD: 6.11 (3.1)
C:5.26 (2.8)
5-15 years
CHD: 9.4 (2.8)
C:10.3 (3.1)
2-12 years
CHD: 6.5 (2.4)
C: 6.5 (24)

Age (years),

range

mean (SD)
missed or filled permanent teeth; dmft: number of decayed, missed or filled primary teeth; HTx: heart transplantation; RHD: rheumatic heart disease; SD: standard deviation; Sic: Significant caries index (mean dmft/DMFT

of the one-third of the participants with the highest dmft/DMFT scores). p Value denotes a comparison between CHD and controls caries prevalence measures, ns: non-significant.

Table 2. Continued.

reference number)

Tasioula et. al., 2008 (23)
Stecksen-Blicks et al., 2004 (17)

Author, year
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Study characteristics

Table 2 describes child age, sample size, and method of den-
tal caries assessment. Study subjects were less than 16years
of age with the youngest children reported to be one year
of age. Mean age in the study groups ranged from 2.7 (1.4)
to 10 (1.3) years. Most studies included less than 100 CHD
patients. Less than 30 CHD patients were included in two
studies [20,21], and the largest study sample included 165
CHD patients. The number of children with primary or per-
manent dentition was outlined in four of the stud-
ies [15,18,22,23].

Table 3 summarizes the study characteristics in relation to
publication year, geography, study design, CHD type and
severity, patient syndromes and other diagnoses. Studies
were published between 2004 and 2018. The geographical
distribution of the studies was wide and included three from
the Middle East (Iran and Turkey) [16,22,24], three from
Europe (Germany, Sweden and UK) [17,21,23], one from
Africa (Sudan) [15], one from the USA (Ohio) [19], and one
from India [18]. Most of the CHD and healthy children were
recruited from a tertiary care setting (e.g. University hospital)
[15,16,18-24]. The study design was cross-sectional in
all studies.

The descriptions of the CHD type differed between studies,
and the severity of the heart defects in the studies varied, as
shown in Table 3. Most of the studies included a variety of
CHD severity. Seven out of nine studies included children with
complex CHD grades 3 or 4, and five studies included children
with the most severe heart defects (grade 4). Two studies
[15,18] included CHD severity grade 2 and 3 only, and, thus, a
limited number of children at risk for infective endocarditis.
CHD types were not outlined in two studies [19,22]. One study
also included children with rheumatic heart disease (RHD) [18].
One study included children with heart transplants (HTx) [21],
these children were presented as a separate group and com-
pared with CHD and controls.

Children with syndromes or other diseases were excluded
in most studies [16,17,19,22,23]. Only one study [15] included
children with Noonan, Marfan and Down syndromes but the
number of patients with syndromes or type of CHD in these
children were not described. Three studies [18,21,24] did not
include information on syndromes or other comorbidities.

Background information on the comparison group was
limited in most studies. Three studies [15,21,22] reported
that children in the healthy control group were free from
cardiac conditions, and another four studies [17-19,24]
reported, with no additional information, that the control
group consisted of healthy children. One study [16] excluded
control children who had received active orthodontic therapy
or had any systemic disease. In one study [23] the control
group included healthy children with normal hearts followed
up due to heart disease in the family (e.g. cardiomyopathy).

Study quality assessment

The quality scores of the studies ranged from 4 to 9 points,
as assessed according to the modified Newcastle-Ottawa
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Table 3. Publication year, geography, study design, CHD severity and type, syndromes and other diagnoses of the studies included in the analysis.

Author, year Study CHD Syndromes and
(reference number) Geography design severity CHD type other diagnoses
Pourmoghaddas Iran Cross-sectional Grade 2 and 3 n=44 Operated CHD No information
et al, 2018 (24) Grade 4 n=38 Cyanotic CHD
Ali et al., 2017 (15) Sudan Cross-sectional Grade 2 and 3 Mostly operated VSD, ASD, PDA, PS and TOF Syndrome patients
included
Critically ill children and
use of medication
other than for CHDs
were excluded
Cantekin et al., 2015 (22)  Turkey Cross-sectional  No information Not included
Cantekin et. al., 2013 (16) Turkey Cross-sectional Grade 1 n=36 Mostly non-operated minor VSD Not included
Grade 2 n=55 Operated ASD, VSD, PDA
Grade 3 n=63 Operated TGA, CoA, TA, Shone’s complex etc
Grade 4 n=11 Operated unbalanced AVSD, PA, UVH
Suma et al., 2011 (18) India Cross-sectional Grade 2 n=28 Operated ASD, VSD, PDA, Congenital heart block No information
Grade 3 n=12 Operated TOF, AS, MVP
Siahi-Benlarbi et. al., Germany Cross-sectional ~ Grade 3-4 Operated CHD with endocarditis prophylaxis, No information
2010 (21) including HTx
Da Fonseca et. al., USA Cross-sectional  No information Not included
2009 (19)
Tasioula et. al., 2008 (23) UK Cross-sectional  Grade 3-4 Operated CHD with endocarditis prophylaxis Not included
Stecksen-Blicks et al., Sweden Cross-sectional Grade 2 n=20 Operated AS, AS + CoA, PS + PDA, TGA + VSD, Not included
2004 (17) AVSD, PS, TGA, VSD, ASD, MI
Grade 3 n=12 Operated PA + VSD, simple ccTGA, TOF,
AS + CoA +VSD, PA +1VS + ASD, IAA +VSD
Grade 4 n=9 Operated TCPC, VSD + PHT, HTx

Grade 1: mild CHD (no surgery); Grade 2: simple CHD with complete surgical repair; Grade 3: complex CHD withcomplete surgical repair likely requiring reinter-
vention; Grade 4: complex CHD without complete surgical repair; AS: aortic stenosis; ASD: atrial septal defect; AVSD: atricoventricular septal defect; ccTGA: con-
genitally correctedtransposition of the great arteries; CHD: congenital heart disease; CoA: coarctation of aorta; HTx: heart transplantation;|AA: interrupted aortic
arch; IVS: intact ventricular septum; MI: mitral valve insufficiency; MVP: mitral valveprolapse; PA: pulmonary atresia; PHT: pulmonary hypertension; PDA: patent
ductus arteriorus; PS: pulmonary valvestenosis; TA: truncus arteriosus; TCPC: total cavopulmonary connection; TGA: transposition of the great arteris; TOF: tetral-

ogy of Fallot; UVH: univentricular heart; VSD: ventricular septal defect.

Scale (Table 1). In three [18,19,24] studies, the selection of
the healthy children was insufficiently described with infor-
mation on the selection process or background population
lacking. Power analysis was performed in only one study
[15]. Differences in age between the groups were evaluated
in six [16,17,22-25] out of nine studies with no significant
differences reported.

SES was evaluated in four [15,21,23,24] studies included in
this systematic review, and there were no differences
reported between the groups. Only one study outlined the
distribution of SES variables (mother's educational level,
marital status, occupation and size of home reported as
numbers of rooms) between the groups [15]. There were no
differences between the study groups reported, but both
groups were from represented low income areas. One of the
studies [23] mentioned recording SES with the Townsend
deprivation index, but SES results were not presented.
Another study [24] reported collecting demographic data,
but SES variables were not included in the assessment.
Furthermore, one study [21] reported SES by stating that all
participants came from Germany with a similar fam-
ily background.

Caries data were collected by clinical examination in
seven [15,18,19,21-24] out of nine studies. One of these
studies reported that bite-wing radiographs were evaluated
in addition to the dental examination [22]. Furthermore, two

studies assessed caries retrospectively from previously col-
lected dental and radiographical records [16,17]. All studies
assessed caries using WHO diagnostic criteria [12].

One study [15] included information on standardization of
outcome assessments with two calibrated dentists perform-
ing the clinical examinations, and another study [23]
reported that training of the investigator was supervised by
a dentist investigator with documented expertise.

Discussion

The aim of this systematic review was to summarize the cur-
rent literature on caries prevalence among children with
CHD in comparison with healthy peers. Overall, this system-
atic review indicates a higher caries prevalence among CHD
children compared with healthy children. In particular, oper-
ated and complex CHD children seem to experience higher
caries prevalence than healthy children.

Two studies [16,17] reported significantly higher caries
prevalence in the primary dentition among children with
CHD. Caries during early life commonly involves procedures
performed under general anaesthesia that is considered a
risk procedure in children with complex CHD (grade 3-4),
and therefore the treatment is performed in tertiary care set-
tings only. Poor oral health with high dental treatment needs
may necessitate repeat dental procedures delaying invasive



cardiac interventions and potentially leading to dental anx-
iety as well. Furthermore, longitudinal studies in healthy chil-
dren show that caries experience in primary dentition
increases the risk of caries development in the permanent
dentition [26]. With early effective caries prevention, these
high risk dental procedures could potentially be avoided
among children with CHD.

Dental caries is a multi-factorial disease process. Only a
few of the included studies investigated factors that might
explain the higher caries prevalence in CHD children.
Although studies were performed in different countries with
a variance in preventive dental health care, significantly
higher caries prevalence was observed compared with
healthy children in the same population [15-17].
Furthermore, no difference in SES between CHD and healthy
children was reported in the studies included. Altogether,
this suggests that the higher caries prevalence in CHD chil-
dren compared with healthy children is not mediated by a
difference in SES or the level of dental health care service.

Children with complex CHD commonly have a higher dis-
ease burden including feeding difficulties, needs of longer
periods of medication, and repeated cardiac interventions
with prolonged in-hospital care during childhood. High CHD
disease burden may increase the risk of neglected oral health
care routines and lower the attention on caries prevention in
the family. Low priority may also lead to cancellations of pre-
ventive oral health care contacts commonly offered to
healthy children.

According to this systematic review, children with oper-
ated and complex CHD seem to experience a higher caries
prevalence than healthy children. However, many of the
studies included mild to complex CHD severity grades com-
bined in the comparison of healthy children. Mild CHD forms
may have diluted the CHD sample and low the number of
complex CHD precluded an assessment of caries prevalence
in relation to CHD severity. In addition, sample size calcula-
tions and power analyses were rarely performed. Thus, study-
ing dental caries prevalence in a larger sample and including
more children with complex CHD (i.e. at risk of developing
bacterial endocarditis) is needed to address these aspects in
more detail.

The selection and comparability of healthy controls was
emphasized in the quality assessment process in this system-
atic review. In the studies included healthy controls were
recruited from the same community and, displayed compar-
able age and SES distributions as CHD children. All these fac-
tors are essential to consider when evaluating dental caries
related with CHD. Thus, this systematic review suggests lim-
ited effects of bias from these important confounders.

As caries progression into the dentine requires time, the
majority of study subjects had to be at least three years of
age at the time of dental examination. In most of the studies
outcome measures were based on prospectively and similarly
performed clinical examinations. However, two studies
[16,17] that found a statistically higher caries prevalence in
children with CHD used previously collected data with the
potential influence of multiple investigators. Nonetheless,
another prospective high quality study [15] based on the
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modified Newcastle-Ottawa Scale also reported statistically
higher caries prevalence in children with CHD compared
with healthy children.

Another potential limitation of the included studies was
the lack of information on outcome assessment (caries)
standardization. Intra- and inter observer calibration and
blinding of study subject characteristics during the assess-
ment are important factors to consider in the study design
in order to avoid observer bias and decrease technical vari-
ability in data collection. In this systematic review only two
studies [15,23] addressed observer calibration.

Strengths of this study include collected information on
CHD type and severity providing some insights into associ-
ation between CHD severity and caries prevalence. On the
other hand, the study is limited by use of only one metric of
study quality (modified Newcastle-Ottawa Scale).

Conclusion

Although, evidence is limited the current literature indicates
that the children with CHD experience higher caries preva-
lence compared with healthy controls. Future studies should
focus on comparability of control groups and standardization
of outcome measures in data collection.
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