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Abstract
Background  Untreated early childhood caries (ECC) can trigger a number of negative consequences, including pain, chewing 
difficulties, insufficient physical development and low academic performance. Therefore, ECC impacts the oral health-related 
to quality of life. That is why it is important to assess the ECC prevalence and to determine the associated risk factors.
Aim  The aim of this study was to investigate the relationship between early predictor factors and dental caries among 4-year-
old French children, considering the socioeconomic factors, dietary and oral hygiene practices, the access and the follow-up 
by paediatric dentist.
Design  The study was a cross-sectional observation. A random sample of 4-year-old children was selected among 596 
Moselle’s public nursery schools in north-eastern France. Data were gathered from clinical dental examinations and a struc-
tured questionnaire completed by parents.
Results  In total, 425 subjects with completed questionnaires and clinical examinations were included. The prevalence of ECC 
and S-ECC (Severe-ECC), including only cavitated lesions, d3mft, were 15.8% and 5.9%, respectively. Multivariable logistic 
regression modelling identified four main factors associated with a high risk of ECC that were sweet intake (adjusted odds 
ratio ORadjusted = 3.43, 95% CI = 1.57–7.53), brushing habits (ORadjusted = 2.25, 95% CI = 1.23–4.21), childcare arrangement 
(ORadjusted = 2.27, 95% CI = 1.23–4.21) and maternal educational level (ORadjusted = 1.87, 95% CI = 1.06–3.31). These four 
factors have a cumulative effect. Only 4% of children presented teeth restoration.
Conclusions  This study highlighted the impact of the family environment on the oral health status of the preschool chil-
dren. The identification of the risk factors should allow to strengthen preventive measures and initiate oral health education 
program for children and their family.
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Introduction

Early childhood caries (ECC) remains a public health prob-
lem affecting a large number of children worldwide. ECC 
has been described as a chronic, dynamic, progressive infec-
tious disease (Edelstein 2006). Caries is also characterised 
as a “complex” disease due to combined actions of genetic, 
environmental, microbiological factors and risk-conferring 
behaviours (Fontana and Wolff 2011). Dental caries devel-
opment results from an imbalance of multiple risk factors 
and protective factors over time.

Following the American Academy of Pediatric Dentistry 
(Latest revision 2016), ECC is defined as “the presence of 
one or more decayed (non-cavitated lesions), missing (due 
to caries), or filled tooth surfaces” in any primary tooth 
in a child under 6 years of age. In children younger than 
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3-year-old, any sign of smooth-surface caries is indicative of 
severe early childhood caries (S-ECC). From ages 3 through 
5, one or more cavitated, missing (due to caries), or filled 
smooth surfaces in primary maxillary anterior teeth or a 
decayed, missing, or filled score of ≥ 4 (age 3), ≥ 5 (age 
4), or ≥ 6 (age 5) surfaces constitutes S-ECC (Drury et al. 
1999).

Untreated ECC can trigger a number of negative conse-
quences, including pain, chewing difficulties, reduced appe-
tite leading to insufficient physical development especially 
weight loss and height growth delay. Low academic perfor-
mance secondary to sleep problems, behavioural alteration 
and loss of school days were described. Indeed, Edelstein 
et al. (2006) showed that 86% of families reported that cavi-
ties interfered with their child’s ability to eat; 50% reported 
that it affected their child’s ability to sleep; and 32% reported 
that it affected their child’s ability to participate in school 
activities. Therefore, ECC impacts the oral health-related 
to quality of life.

Not many studies have assessed the caries situation of 
preschool children in France (Edelstein et al. 2006; Enjary 
et al. 2006; Tubert-Jeannin et al. 2008; Droz et al. 2006). 
This study aimed to investigate the relationship between 
early predictor factors and dental caries among 4-year-old 
children, considering the socioeconomic factors, dietary 
and oral hygiene practices, the access to healthcare and the 
follow-up by paediatric dentist.

Materials and methods

Study design

The study was a cross-sectional observation. A random 
sample of 4-year-old children was selected among 11,572 
children in 596 Moselle’s public nursery schools in north-
eastern France. The two-thirds of the population of this 
region (Moselle; 1044,486 inhabitants) are living in urban 
areas (724,146 inhabitants, 69.3%) and one-third in rural 
area (320,340 inhabitants, 30.7%).

The sample size estimation was based on the caries 
prevalence of 4-year-old children. The overall anticipated 
prevalence would be around 33%. The desired precision of 
estimation was set as 5%. With the confidence interval set as 
95% (alpha = 0.05), 489 children were needed in this study.

The present investigation was based on a structured ques-
tionnaire completed by parents and a clinical examination. 
Our investigation was conducted at the mean time that the 
general examination of the French children performed at 
4 years by health care professionals of the Department of 
Mother and Child Protection Services (nurse or doctor) in 
2018.

The data collection was organised by department of 
Mother and Child Protection (MCP) Service of Moselle, 
using a questionnaire and an individual chart completed 
clinically onsite. Informed consent was obtained from the 
caregivers of the participants. The information could be 
crossed thanks to an anonymity number assigned to each 
child and noted on the questionnaire and the clinical obser-
vation sheet on the day of the child’s examination.

The study was approved by the Nancy–Metz regional 
education authority and the Ethical committee (protocol 
number: 18076-1232-18.08.21.60332). Written informed 
consent was obtained from the parents of the children.

Clinical examination

The clinical examinations were carried out by two examiners 
accompanied by a childcare nurse in each school. Examina-
tion equipment consisted of sterile single-use examination 
kits (mirror, probe, light and tongue depressor).

The training and calibration process included theoretical 
explanations and clinical examinations. Two experienced 
paediatric dentists supervised two examiners. During the 
examination, inter-examiner agreement was determined 
between the examiners and the experienced practitioners.

Dental caries was evaluated using the International Car-
ies Detection and Assessment System (ICDAS). This index 
is used to evaluate caries beginning with the initial stage 
(white spot) and cavities (Pitts and Ekstrand 2013). In our 
study, code 1 was not used because air drying of the teeth 
cannot be performed and the teeth presenting a code 2 were 
noted d1t and the teeth with cavitated lesions (code 3–6) 
were noted d3t.

The dmft index (decayed, missing and filled primary 
teeth) was used to determine the severity of EEC according 
to the AAPD guidelines (American Academy of Pediatric 
Dentistry 2019–2020). ECC was diagnosed if 5 > d3mft ≥ 1. 
Severe-ECC (S-ECC) was assigned to children with 
d3mft ≥ 5. Teeth missing due to trauma or early exfoliation 
were excluded.

Dental structure abnormalities (enamel hypoplasia 
and deciduous molar hypomineralisation (DMH)) were 
researched but not analysed in this paper.

Dental plaque score was defined as visible on probing or 
naked eye. Bleeding score was defined as spontaneous or 
on probing.

Questionnaire

The questionnaire was translated into several languages 
(English, German, and Arabic) to (1) reduce linguistic 
barriers and maximise the participation rate and (2) not 
exclude children with migration background and obtain a 
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representative population sample. It was transmitted to the 
families by the school teachers and retrieved during the gen-
eral examination of the children by the nurses of the Depart-
ment of maternal and child protection and health direction.

The questionnaire consisted of 5 sections, each of them 
included 4–13 questions, totaling 39 questions. It collected 
information related to family sociodemographic determi-
nants, child oral health (tooth brushing habits, eating hab-
its of the child and parents), parent’s knowledge of oral 
health dental, dental fear and access to dental oral health 
consultations.

Toothpaste category was defined as fluoridate (for adults 
or children), non-fluoridated or no toothpaste (Water). 
Brushing aid score from parents was defined as always, 
sometimes or never.

Residence area was defined as rural area, urban priority-
education-network area or other urban areas.

Childcare arrangement is defined as childminder and 
child nursery, parents or grandparents.

Some items of the questionnaire were grouped together 
to obtain score.

–	 Sweet intake score was defined as the cumulated number 
of the following factors (range 0–3): sweet consumption 
(≥ 1 per day), sweet drink (≥ 1 per day), and sweet drink 
at night after 1-year-old (breastfeeding, bottle). This 
score was dichotomised (1–3 vs. 0).

–	 Tooth brushing score was defined as the presence of at 
least one of the two factors: beginning of regular brush-
ing after 1-year-old or more or no regular brushing (vs. 
regular brushing since the first teeth appearance) and 
brushing rate (never or rarely vs. 1–2 times per day).

–	 A risk score was defined as the cumulated number of four 
factors (range 0–4): sweet intake score, tooth brushing 
score, mother’s education and childcare arrangement.

Variables tested

The dependent variables were caries experience measured 
by d3mft index (3 levels: d3mft = 0, 1–4 and ≥ 5), dental 
plaque (2 levels: visible on probing, visible to naked eye), 
bleeding (2 levels: bleeding on probing, spontaneous bleed-
ing). Our study assessed the associations of d3mft (depend-
ent variable) with the following independent variables: 
gender (boy or girl), residency area (3 levels: rural, priory 
area, priority-education-network area, other urban areas), 
mother’s education (2 levels: university, bac or lower), child-
care arrangement (3 levels: childminder and child nursery, 
parents, grandparents), sweet consumption (2 levels: < 1 per 
day, ≥ 1 per day), sweet drink (2 levels: < 1 per day, ≥ 1 per 
day), sweet drink at night after 1-year-old (2 levels: none 
or water, milk (including breastfeeding) and sweet drink), 
age at the beginning of regular brushing (3 levels: first teeth 

appearance, 1–2 years, > 3 years or no regular brushing), 
brushing rate (3 levels: 2 per day, 1 per day, never or rarely), 
toothpaste category (3 levels: fluoridated for adults or chil-
dren, non-fluoridated, no toothpaste or water), brushing aid 
from parents (3 levels: always, sometimes, never), access to 
dentist (2 levels: no difficulty, with difficulty).

Statistical analysis

The associations between d3mft (dependent variable, cat-
egorised into 3 levels: 0, 1–4, and ≥ 5) with various risk 
factors were assessed using the Chi2 test (for qualitative 
variables) or variance analysis (for continuous variables). 
Then, we assessed the associations of d3mft 1–4 (vs. 0), 
d3mft ≥ 5 (vs. 0), and d3mft ≥ 1(vs. 0) (dependent variables) 
with various risk factors using age–sex-adjusted odds ratios 
(ORas) and 95% confidence intervals (95% CI) computed 
with logistic regression models. To identify most potential 
risk factors for d3mft ≥ 1, a multivariable logistic regression 
model was used to compute adjusted odds ratios (ORadjusted) 
by considering only the factors significantly associated with 
at least one of the previous dependent variables (P < 0.05); 
in this analysis, the stepwise forward procedure was utilised 
to retain only significant factors (P < 0.05). For the factors 
retained, we verified their one-dimensionality by factor 
analysis and their internal consistency by Cronbach’s alpha, 
which allowed a single risk score to be calculated as their 
cumulated number. A P value < 0.05 (2-sided) was consid-
ered statistically significant. All statistical analyses were per-
formed with the Stata software package (Stata Corporation, 
College Station, Texas, USA, 2011).

Results

Figure 1 shows the flow chart of study participants: among 
the 681 children included in our study, 425 subjects (boys 
54.3%, girls 45.7%) with completed questionnaires and 
clinical examinations were retained for statistical analysis 
(Fig. 1). The children’s mean age was 4.4 years (SD = 0.23).

The characteristics of the sample are presented in Table 1. 
The subjects in rural area, priority-education-network area 
and other urban areas represented 38.8%, 30.1% and 31.1%, 
respectively. The majority (59.3%) of mothers had low 
school education level (high school diploma or less). Many 
children were cared by their parents or grandparents (44.2% 
and 19.5%, respectively). 21.7% of children presented a 
d3mft ≥ 1. The prevalence of ECC and S-ECC were 15.8% 
and 5.9%, respectively. The mean d3mft (cavitated lesions) 
and d1mft (non-cavitated lesions) were 0.76 (SD = 2.07) and 
1.46 (SD = 2.72), respectively. 38.32% of children presented 
a d1d3mft ≥ 1. Dental plaque was visible to naked eye in 
15.8% and on probing in 37.6% of children.
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Table 1 further shows oral health behaviours: 22.6% of 
children started regular brushing teeth at the eruption of 
the first primary tooth; 11,5% of children never or rarely 
brushed their teeth; 40.4% of children always received help 
from their parents for tooth brushing; 49,7% of children had 
their teeth brushed twice a day; 85.2% of children used a 
fluoride toothpaste and 54.3% of children took sweet drinks 
(including milk, breastfeeding, soft drinks, e.g. fruit juices, 
carbonated drinks) frequently at bedtime.

Table 2 shows that, based on ORas, the d3mft ≥ 1 was 
strongly associated with sweet consumption (≥ 1 per day, 
ORas = 1.69, 95% CI = 1.04–2.73), sweet drink (≥ 1 per 
day, ORas = 2.23, 95% CI = 1.38–3.60), and sweet drink at 
night (ORas = 2.47, 95% CI = 1.50–4.07). The d3mft ≥ 1 
was also associated with starting-regular-brushing age: 
ORas = 2.46, 95% (CI = 1.20–5.06) for since 1–2-year-old 
and ORas = 4.27 (95% CI = 1.91–9.58) for after 3-year-old/
no regular brushing (vs. brushing after the first teeth erup-
tion only). An increased risk of d3mft ≥ 1 was also found 
for the children who never or rarely brushed their teeth 
(ORas = 2.48, 95% CI = 1.24–4.93).

Children with access difficulty to dentist had a 3-times 
higher risk to develop dental caries (ORs = 2.97, 95% 
CI = 1.48–5.93). Compared with children in rural area, those 
in priority-education-network area and other urban areas had 
a high risk (ORs = 6.33, 95% CI = 3.28–12.2 and ORs = 3.38, 
95% CI = 1.71–6.68, respectively). Low mother’s education 
was associated with a 3-times higher risk to develop den-
tal caries (ORs = 2.97, 95% CI = 1.73–5.09). Father educa-
tion was not significantly associated with d3mft. Compared 
with the children cared by childminder and child nursery, 
those cared by their parents and grandparents were clearly 
more at higher risk (ORs = 4.03, 95% CI = 2.19–7.41 and 
ORs = 2.48, 95% CI = 1.18–5.20, respectively). Most of 

these factors were associated with both ECC (1 > d3mft ≥ 4) 
and S-ECC (d3mft ≥ 5).

Multivariable logistic regression modelling with stepwise 
forward procedure retaining only significant factors revealed 
that among various significant risk factors for d3mft 
≥ 1, only four factors had significant ORadjusted (pseudo 
R2 = 10.7%): sweet intake score (3.43, 95% CI = 1.57–7.53), 
tooth brushing score (2.25, 95% CI = 1.23–4.21), low moth-
er’s education (1.87, 95% CI = 1.06–3.31), and childcare 
by parents and grandparents (2.27, 95% CI = 1.23–4.21). 
Principal component analysis showed that these four factors 
were unidimensional (1st eigenvalue (0.74) much higher 
than the 2nd eigenvalue (0.057)). These factors had Cron-
bach’s alpha = 0.51 which showed that they were comple-
mentary. We could thus compute a single risk score defined 
as their cumulated number (range 0–4). The proportion of 
children with risk score 0, 1, 2, 3 and 4 were 4.0, 13.2, 20.7, 
29.2 and 32.9%, respectively. Mother’s dental fear was sig-
nificantly associated with d1d3mft ≥ 1.

Figure 2 shows that the proportion of children with 
d3mft ≥ 1 increased from 0% for risk score = 0–25.8% for 
risk score = 3, and to 36.4% for risk score = 4 (P < 0.001). 
We obtained similar results when investigating the 
d1d3mft (data not shown).

Regarding dental plaque, we found that it was asso-
ciated with age at the beginning of regular brushing 
(ORas = 1.78, 95% CI = 1.11–2.83 for ≥ 1 year or no regu-
lar brushing, vs. brushing established after the first teeth 
eruption), child’s age (ORas = 2.65 per 1-year increase, 
95% CI = 1.13–6.20) and living in urban area (ORas = 3.05, 
95% CI = 1.88–4.95 for priority-education-network area 
and ORas = 3.18, 95% CI = 1.96–5.15 for other urban 
areas, vs. rural area). Bleeding was associated with age 
at the beginning of regular brushing (ORas = 3.00, 95% 
CI = 1.08–8.31 for ≥ 3 years or no regular brushing, vs. 
brushing established after the first teeth eruption).

Fig. 1   Flow chart of study participants
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Discussion

In our study, 38.32% of children presented a d1d3mft ≥ 1. 
Even though there was a significant prevalence of cavitated 
lesions (d3 = 18.4%) the greatest prevalence was due to non-
cavitated lesion (d1 = 32.71%). Without preventive care and 
follow-up, this enamel demineralisation could progress to 
cavitated lesion.

Although representative data were sparse, studies 
reported that the prevalence of ECC in 3- to 6-year-old chil-
dren is 10.5% (dmfs > 0) in Sweden (Holmen et al. 2018), 
25.5% in England (Abed et al. 2020), 19% in southern Italy 
(Nobile et al. 2014), 13.2% in Australia (Goldfeld et al. 
2019) and 14.7% in Japan (Kato et al. 2017). In these studies, 
the authors only considered the cavitated lesions to calculate 
the ECC prevalence. Furthermore, the populations studied 
may differ from our sample in age and socioeconomic and 
cultural features as well as in risk factors of dental disease. 
The exclusion of the questionnaires that were not completed 
appropriately may underestimate our results.

In addition, proximal lesion could be undiagnosed in 
absence of radiographic examination in patients who have 
not interdental diastema. According to the authors, radio-
graphic examination increased caries prevalence by 10% 
or more compared to visual only examination (Cortes et al. 
2019; Mendes et al. 2012; Mejare 2005).

Factors influencing dental health include the elements 
of the triad adapted from Keyes and are expressed at the 
individual, family, and community levels. Each factor must 
incorporate a multilevel perspective as the model built by 
Fisher-Owens et al. (2007).

Furthermore, other studies described confounding fac-
tors, such as brushing before bedtime, fluoride exposure and 
daily intake of free sugars (Baghlaf et al. 2018). In our study, 
we showed that sweet intake, tooth brushing, low mother’s 
education and childcare arrangement are 4 cumulative fac-
tors which combining together multiplied by 5 the ECC risk.

The relationship between sweet intakes and carious 
lesions observed in our study was in accordance with several 
other studies (Plutzer and Keirse 2012; Kabil and Eltawil 
2017; Harris et al. 2004; Ganesh et al. 2020). The consump-
tion of soft drinks with high sugar content and acidity can 
contribute to detrimental oral health (dental caries and den-
tal erosion) (Tahmassebi et al. 2014) and may also affect 
general health. They supply energy only, are of little nutri-
tional benefit and increase risk of overweight, obesity, type 

Table 1   Characteristics of subjects (n = 425): percentage (%) or mean 
(standard deviation)

% Mean (SD)

Dependent variables
 Dental caries

  d1mft 38.82 1.48 (2.72)
  d3mft 21.7 0.76 (2.07)
  d3mft score
   1–4 15.8
   ≥ 5 5.9
   ≥ 1 21.7

 Dental plaque
  Visible on probing 37.6
  Visible to the naked eye 15.8

 Bleeding
  Bleeding on probing 5.9
  Spontaneous bleeding 3.3

Independent variables
 Sweet intake

  Sweet consumption (at least once per day) 31.3
  Sweet drink (at least once per day) 29.6
  Sweet drink at night after 1-year-old (milk includ-

ing breastfeeding and sweet drink)
54.3

 Oral hygiene
  Age starting regular brushing
   First teeth appearance 22.6
   1–2 years 59.1
   ≥ 3 years or no regular brushing 18.3
   ≥ 1 year or no regular brushing 77.4
  Brushing rate (number per day)
   2 49.7
   1 38.8
   Never or rarely 11.5
  Toothpaste category
   Fluoridated for adults or children 85.2
   Non-fluoridated 11.3
   No toothpaste or water 3.5
  Brushing aid from parents
   Always 40.4
   Sometimes 46.1
   Never 13.5
  Access difficulty to dentist 8.9

 Socioeconomic factors
  Boys 54.3
  Age 4.42 (0.23)
  Residence area
   Rural area 38.8
   Priority-education-network area† 30.1
   Other urban areas 31.1
  Mother’s education (bac or lower) ‡ 59.3
  Childcare arrangement
   Childminder and child nursery 36.2
   Parents 44.2
   Grandparents 19.5

Table 1   (continued)
† Low socioeconomic areas where the schools receive additional gov-
ernmental funding
‡ Father’s education was not considered because it was not sig-
nificantly associated with the d3mft, dental plaque and bleeding 
(p > 0.05)
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Table 2   Factors associated with d3mft score in 4-year-old children (n = 425). Percentage (%) of children, mean (SD), age–sex-adjusted odds 
ratio (ORas) and confidence interval (95% CI)

Sweet intake d3mft score P value d3mft score vs. 0

0 1–4 ≥ 5 1–4 ≥ 5 ≥ 1

% of children ORas (95% CI)

Sweet consumption 0.038
  < 1 per day 81.2 14.7 4.1 1.00 1.00 1.00
 ≥ 1 per day 72.2 18.0 9.8 1.42 (0.81–2.4) 2.63* (1.15–5.99) 1.69* (1.04–2.73)
 Sweet drink  < 0.001

  < 1 per day 82.6 14.4 3.0 1.00 1.00 1.00
 ≥ 1 per day 68.2 19.0 12.7 1.62§ (0.93–2.84) 5.06*** (2.16–11.9) 2.23*** (1.38–3.60)
 Sweet drink at night after 

1-year-old
 < 0.001

 None or water 86.1 8.8 5.1 1.00 1.00 1.00
 Milk (including breastfeed-

ing) and sweet drink
71.9 21.6 6.5 3.0*** (1.68–5.51) 1.51 (0.66–3.47) 2.47*** (1.50–4.07)

 Oral hygiene
 Age starting regular brush-

ing
0.009

 First teeth appearance 89.6 7.3 3.1 1.00 1.00 1.00
 1–2 years 77.7 16.3 6.0 2.56* (1.11–5.95) 2.24 (0.63–7.94) 2.46* (1.20–5.06)
 ≥ 3 years or no regular 

brushing
66.7 24.4 9.0 4.46* (1.75–11.3) 3.85§ (0.95–15.6) 4.27***(1.91–9.58)

 ≥ 1 year or no regular 
brushing†

75.1 18.2 6.7 0.010b 2.96* (1.30–6.74) 2.58 (0.75–8.85) 2.85*(1.41–5.74)

Brushing rate (number per 
day)

0.065

 2 82.5 12.8 4.7 1.00 1.00 1.00
 1 77.0 15.8 7.3 1.34 (0.74–2.41) 1.62 (0.68–3.88) 1.42 (0.85–2.36)
 Never or rarely 65 .3 28.6 6.1 2.77* (1.31–5.86) 1.70 (0.43–6.42) 2.48* (1.24–4.93)

Toothpaste category 0.128
 Fluoridated for adults or 

children
77.3 16.3 6.4 1.00 1.00 1.00

 Non-fluoridated 83.3 16.7 0.0 0.89 (0.39–2.02) (1) 0.66 (0.29–1.47)
 No toothpaste or water 86.7 0.0 13.3 (1) 1.90 (0.40–9.00) 0.52 (0.11–2.34)
 Brushing aid from parents 0.524
 Always 80.1 14.0 5.9 1.00 1.00 1.00
 Sometimes 78.5 14.9 6.7 1.08 (0.60–1.96) 1.15 (0.49–2.71) 1.10 (0.66–1.84)
 Never 73.7 22.8 3.5 1.90 (0.88–4.11) 0.61 (0.13–2.92) 1.49 (0.73–3.01)
 Access to dentist  < 0.001
 No difficulty 80.4 15.5 4.1 1.00 1.00 1.00
 With difficulty 57.9 18.4 23.7 1.61 (0.66–3.95) 8.31*** (3.27–21.1) 2.97* (1.48–5.93)
 Sex 0.411
 Female 79.9 13.4 6.7 1.00 1.00 1.00
 Male 77.1 17.7 5.2 1.37 (0.80–2.35) 0.79 (0.35–1.79) 1.18 (0.74–1.88)

Age (mean, year (SD)) 4.42 (0.24) 4.42 (0.21) 4.44 (0.20) 0.890 1.05 (0.33–3.33) 1.58 (0.27–9.22) 1.18 (0.43–3.23)
Range 3.85–4.96 3.95–4.88 4.10–4.91
Residence area  < 0.001
 Rural area 91.5 6.1 2 .4 1.00 1.00 1.00
 Priority-education-network 

area‡
63.3 25.8 10.9 6.25*** (2.93–13.4) 6.50*** (2.07–20.4) 6.33*** (3.28–12.2)

 Other urban areas 76.5 18.2 5.3 3.71*** (1.70–8.11) 2.59(0.74–9.06) 3.38***(1.71–6.68)
Mother’s education§  < 0.001
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2 diabetes (Chi and Scott 2019; Tahmassebi and Banihani 
2020). In our study, we demonstrated that sweet intake is 
a high-risk factor of ECC. Sweet intake grouped together 
sweet consumption (at least once per day), sweet drink (at 
least once per day) and drink at night after 1-year-old includ-
ing milk, breastfeeding and soft drink. Similar results were 
reported in the literature (Baghlaf et al. 2018; Seow 2018; 
Chaffee and Cheng 2014; Branger et al. 2019), the relation-
ship between food intake and caries is not a novel area of 
study.

Tooth brushing has always been considered to be the pri-
mary and most effective way to prevent dental caries. Sev-
eral studies have confirmed the association between tooth 
brushing and ECC (Aida et al. 2008; Gao et al. 2010; Zhang 
et al. 2020). However, other studies showed that there was 
no correlation between these two variables (Begzati et al. 

2010; Zhou et al. 2011). Darmawikarta et al. (2014) and Sun 
et al. (2017) demonstrated that the major factor impacting 
the ECC risk is the introducing brushing at an early age. Our 
study confirmed this fact but only 22.6% of children started 
the brushing at the eruption of the first tooth. This per-
centage is relatively low compared to the rate described in 
Swedish children population, 95% of the parents had started 
to brush their children teeth at the age of 1 year (Boustedt 
et al. 2018). Tooth brushing always performed by the par-
ents was not associated with the ECC risk (Boustedt et al. 
2020) likewise in our study this factor failed to reach sta-
tistical significance. In our study, tooth brushing frequency 
was at borderline significance (p = 0.06). This result may be 
explained by the fact that the number of subjects included 
was lower than the calculated number of subjects required. 
Other studies reported mixed results, for example, Goldfeld 

1.00 = reference variable
*P < 0.05, *P < 0.01, ***P < 0.001; §P < 0.10 (close to significance)
† Compared with regular brushing since the first teeth appearance

Table 2   (continued)

Sweet intake d3mft score P value d3mft score vs. 0

0 1–4 ≥ 5 1–4 ≥ 5 ≥ 1

% of children ORas (95% CI)

 University 87.9 9.8 2.3 1.00 1.00 1.00
 Bac or lower 71.8 19.8 8.3 2.60* (1.43–4.74) 4.50* (1.50–13.5) 2.97*** (1.73–5.09)

Childcare arrangement  < 0.001
 Childminder and child 

nursery
89.6 8.4 2.0 1.00 1.00 1.00

 Parents 69.2 20.7 10.1 3.38*** (1.72–6.66) 6.79* (1.95–23.6) 4.03*** (2.19–7.41)
 Grandparents 78.3 18.1 3.6 2.53* (1.13–5.68) 2.21 (0.43–11.4) 2.48* (1.18–5.20)

Fig. 2   Percentage of childhood 
caries according to risk score 
(number of criteria) (n = 425). 
The increase of the risk score 
associated with the d3mft was 
proportional to the number of 
factors involved (p < 0.001)
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et al. (2019) showed no evidence of an association between 
ECC prevalence and tooth brushing frequency. These results 
could be due to the use of self-reported data which have its 
limitations.

Furthermore, the use of fluoride-containing toothpaste is 
generally described like the most convenient and accepted 
tool to bring fluoride into the oral cavity (Boustedt et al. 
2020; Marinho 2009) and an effective prevention measure 
of ECC (Mejare et al. 2015; Twetman and Dahr 2015; Walsh 
et al. 2019; Toumba et al. 2019). In our study, 85.2% of 
parents used fluoride toothpaste for their children. This fac-
tor was not correlated with ECC risk. This result was also 
described by Boustedt et al. (2020). The fact that in France, 
only 500 ppm fluoride-containing toothpaste is available for 
4-year-old children, while the caries-preventive effect is sta-
tistically significant only for concentration of 1000 ppm and 
above (Toumba et al. 2019; Wong et al. 2011).

In medicine, patient’s education level is the best pre-
dictor of health conditions and health care behaviour in 
adults compared with other socioeconomic indicators 
such as income and employment (Laaksonen et al. 2005; 
Liu et al. 2011; Heima et al. 2015). Our finding that low 
mother’s education was associated with an increased ECC 
prevalence is consistent with the previously reported find-
ings about lower paternal and/or maternal education levels 
(Kato et al. 2017; Baggio et al. 2015; Phillips et al. 2016; 
Campus et al. 2009; Poster et al. 2006). Educational back-
ground also affects health literacy and behaviour including 
dietary, tooth cleaning habits and health service utilisation 
frequency.

Socioeconomic status influences also the living condi-
tions. Living in a more deprived neighbourhood was asso-
ciated with higher caries risk (Droz et al. 2006; Aida et al. 
2008; Hooley et al. 2012). Droz et al. (2006) also showed 
that geographic area was a predictor factor of ECC but in our 
study, the impact of this factor was more marked. Indeed, 
the prevalence of ECC was higher among children living 
in urban areas and especially in the education zone priority 
than those in rural areas.

In our study, we demonstrated that the home childcare 
or/and childminding by grandparents was an important con-
tributor of child dental health. In France, childminder and 
nurseries represent an elevated cost, so childcare arrange-
ment reflects the parents’ socioeconomic status. Perhaps in 
nursery, the control of children’s sugar intake is easier than 
at home. For example, sipping a bottle containing milk or 
juice throughout the day is maybe not considered a ‘snack’ 
by parents or grandparents. In addition, daytime breastfeed-
ing or falling asleep during the nap with the bottle are not 
possible at the nurseries limiting fermentable carbohydrates 
exposure. These facts could explain the relationship between 
ECC prevalence and childcare arrangement.

In our study, only 4% of children presented teeth restora-
tion, reflecting the low utilisation of dental services by pre-
school children. The prevalence of use of oral health service 
stagnated when compared to a previous French study (Droz 
et al., 2006). While our study did not focus on barriers to 
accessing dental care, some features and behaviours may 
explain the low frequency of treated tooth. The literature 
showed a relationship between socioeconomic status and 
the use of dental services (Edelstein 2000; Priesnitz et al. 
2016). Furthermore, the need for dental care is not neces-
sarily perceived: children appear to attend dental services 
when carious lesions are already occurring (Stormon et al. 
2019) and/or when they induce painful and infectious com-
plication. The low rate of dental care may manifest dental 
neglects(Katner et al. 2016) but also highlights the difficul-
ties to access to dental care structures (Pegon-Machat et al. 
2018).

Furthermore, paediatric dentistry, the expectation and 
behaviour of accompanying parents, and the need to be cost 
effective, may be stressful and fatiguing for dentists in daily 
dental practice (Klingberg and Broberg 2007; Ronneberg 
et al. 2015). Two factors were identified as barriers to the 
treatment of childhood caries: (1) the fact that preschool 
children’s coping skills limit their ability to accept dental 
care; and (2) dentists with negative personal feelings could 
think that providing care to young children can induce stress 
and be troublesome. They felt also time constrained (Pine 
et al. 2004). In France, the specialty of paediatric dentistry 
does not exist; according to one French study, only 24% 
of dental surgeons treated preschool children and did not 
perform pulp therapy of primary teeth including pulpotomy 
and pulpectomy (Muller-Bolla et al. 2018).

Two new acts in the nomenclature of French social secu-
rity coverage could improve the link between families and 
dental practitioners: pregnant counselling since 2014 and 
first counselling for 3-year-old children since 2019, but it 
remains too late for the children. Indeed, the AAPD and 
the EAPD recommend the first dental counselling before 
the first birthday so the teamwork involving paediatric den-
tists and the early childhood health professionals is essential 
(Table 3).

Conclusion

This study highlighted the impact of the family environ-
ment on the oral health status of the preschool children. The 
results confirmed the relationship between sweet intake, 
brushing habits, childcare arrangement and maternal educa-
tional level and ECC. The identification of these risk factors 
should allow to strengthen preventive measures and initiate 
therapeutic education programs for children and their family. 
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Adapting to each family, the objective should be to improve 
the oral health literacy skills of the caregivers.
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