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Abstract

Objectives

This study aimed to evaluate in the changes in the percentage of adolescents who brush
their teeth twice a day and the association with socio-economic status and health behaviors
between 2006, 2010 and 2014 among adolescents from the French cross-sectional studies
of the Health Behavior in School-aged Children (HBSC) survey.

Methods

Our sample included 18727 adolescents aged 11, 13 or 15 years old (y/0). The relationship
between toothbrushing frequency (TBF) and eating habits, health and socio-economic sta-
tus markers, family status, school perception, substance use, sedentary lifestyle and physi-
cal activity, together with their evolution over the 3 studies, were investigated using
multivariate logistic regression.

Results

The proportion of adolescents brushing twice a day increased from 68.8% in 2006 to 70.8%
in 2010 and 78.8% in 2014 (p<0.0001). Notable associated factors (p<0.0001) were: being
a girl (adjusted Odds Ratio = 1.5) and, even more, an older girl (aOR 1.5 for 15 y/ovs 11 y/o
girls), having breakfast (aOR 1.4) and eating fruits daily (aOR 1.6), excellent perceived
health (aOR 1.2), obesity or overweight (aOR 0.6), being bullied at school (aOR 0.8), and
perceived family wealth (aOR 1.4 for High vs Low). No impact from any associated factor
changed over the 3 studies.
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Conclusions

Among French adolescents, TBF improved from 2006 to 2014. TBF was significantly asso-
ciated with other health behaviors. These associations stayed similar in 2006, 2010 and
2010. This increase in TBF may be linked with global prevention programs developed during
this time period. These programs should be maintained and associated with more specific
ones targeting and adapted to disadvantaged populations, in order to reduce inequalities in
oral hygiene and oral health.

Introduction

Oral diseases such as dental caries and periodontal diseases are among the most frequent
chronic diseases around the world [1]. Dental caries is the most frequent childhood disease
and the vast majority of adults in developed countries, if not worldwide, suffer from at least
one oral pathology [1, 2]. Among 12 years old (y/o) French children, the DMFT index
(Decayed, Missing or Filled Teeth) decreased from 4.20 to 1.23 between 1987 and 2006, while
the proportion of children free of dental caries increased from 12% to 55.9% over the same
period [3, 4]. Despite these encouraging observations, around half of the children still suffered
from carious diseases.

The last study on the oral status of (12 year old) French children described an improvement
in the proportion of children free from dental caries, from 56% in 2006 to 66% in 2010, among
children participating in a national voluntary prevention program with an attendance of only
33% [4, 5]. Thus, it is likely that the oral status of the population, qualified as good overall, is
overestimated in this study. Another study, in French schools in 2009, showed only 56% of
adolescents to be caries-free, a proportion around 10% lower than the 2010 sample previously
described [6].

Oral hygiene, whose main element is toothbrushing, is an efficient, low-cost and easy-to-
implement method to prevent almost all oral diseases, especially caries and gingivitis [7]. A
recent meta-analysis confirmed that an increase in tooth brushing frequency is associated with
a lower incidence and increment of carious lesions [8]. There is overall national and interna-
tional consensus to advise a twice a day frequency of tooth brushing to prevent oral diseases [7,
9, 10]. It has also been shown that brushing more than once a day before the age of 12 leads to a
stable tooth brushing frequency during the following years [11]. Tooth brushing is not only a
preventive act; its frequency also provides an easy-to-assess indicator of oral health habits.

While necessary to improve oral health, changes in dietary habits and tooth brushing fre-
quency and efficiency are hard to implement [9, 12]. A low socio-economic status (SES) dur-
ing childhood is associated with a lower tooth brushing frequency and a higher caries
prevalence among adults, as are other aggravating factors for oral health such as smoking or
unhealthy diet [13-15]. Upward changes in SES in adulthood are not sufficient to recover
from these adverse effects [16].

A previous work on data from the 2010 French HBSC study (Health Behavior in School-aged
Children) highlighted the strong relationships between tooth brushing frequency, health behaviors
(mostly dietary), health and body perception, and environmental socio-economic factors [17].

We wanted to evaluate the trends in toothbrushing frequency over successive studies, as
well as the evolution of the relationships between toothbrushing frequency and previously
identified associated factors. Our main hypothesis was that adolescent’s behavior regarding
toothbrushing frequency may have improved. Our secondary question was “Among
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adolescents, what is the effect of associated factors (Diet, Health and body perception, School
life, SES) on toothbrushing frequency in 2006, compared to 2010 and 2014”.

The objectives of the present study were (1) to provide an update on the evolution of the
tooth brushing frequency among French adolescents, and (2) to determine if the relationship
between toothbrushing frequency and its socio-economic and behavioral associated factors
changed over the years, using the data from the successive French HBSC studies of 2006, 2010
and 2014.

Materials and methods

We used the data from the representative HBSC cross-sectional studies of 2006, 2010 and 2014
on French adolescents from 11 to 15 years old. Details on the survey can be found at http://
www.hbsc.org.

Briefly, the HBSC studies are cross sectional studies, repeated every 4 years, describing ado-
lescent’s well-being, health behaviors and their social context. Our sample consists of adoles-
cents from 11 to 15 years old selected using the international standardized HBSC sampling
protocol. A two-stages cluster sampling over schools (public and private) and classes (two clas-
ses by school) was used. We used only the French cases included in the HBSC international
database, which targeted adolescents of 11, 13 and 15 years old.

The full protocol of the HBSC studies has been described in previous articles and is
designed to collect the most representative data and limit the risk of bias [18-20]. The ques-
tionnaire includes mandatory international questions, optional international thematic ques-
tions, and some specific national questions. It was validated on around 100 adolescents prior
to the study, and double checked for translation from English. The minimal sample size
(around 4500 for each study) was determined by the international HBSC protocol.

Information was collected over 2 months (22th April to 22th June in 2010) using an anony-
mous self-reported questionnaire. Data collectors were mostly teachers and nurses. The HBSC
study received approval from the French data collection authority (CNIL) and the French min-
istry of education. Parents and students were given a consent form with the option to refuse
before the adolescent’s participation.

Tooth brushing frequency was assessed using the question “How often do you brush your
teeth?” with five levels of response: More than once a day, Once a day, At least once a week but
not daily, Less than once a week, Never. Data were pooled into two groups: “Tooth brushing at
least twice a day” and “Tooth brushing once a day or less”. This cutoff was chosen to match the
international recommendations for tooth brushing and to avoid groups of subjects being too
small. Toothbrushing frequency was our main outcome; other variables were considered as
potential associated factors. Missing answers for this question led to exclusion from the
analysis.

Despite being fairly constant over the years, the questionnaire has evolved slightly, espe-
cially as far as questions specific to the French version are concerned. Variables previously
identified as associated with toothbrushing frequency and coming from items that remained
similar in each study from 2006 to 2014 were considered for this paper (Table 1). They were
divided in 4 main categories: Diet, Health and body, School life, Socio-economic status (SES).

The Body Mass Index (BMI) was used with Cole’s age and sex specific cut-offs for over-
weight or obesity which allow the use of BMI for children. The Cantril score was used to mea-
sure overall life satisfaction and dichotomized at the usual threshold of 6 or over for good life
satisfaction [21].

Analyses were performed using R [22] with the RStudio interface [23]. Chi square tests
were used to assess the relationship between tooth brushing frequency and co variables.
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Table 1. Proportion of children brushing at least twice a day according to explanatory variables over the whole
sample (bivariate analyses), significant variables at p<0.05 in bold. N = 18727.

Variable (% of the sample) % p-value

DIET

Daily breakfast <0.0001
Yes (58.4%) 73.3
No (41.6%) 67.3

Daily fruit consumption <0.0001
Yes (35.3%) 77.4
No (64.7%) 67.3

Daily vegetable consumption <0.0001
Yes (42.8%) 74.5
No (57.2%) 68.1

Daily sweets consumption 0.001
Yes (25.1%) 69.0
No (74.9%) 71.5

Daily soft drinks consumption <0.0001
Yes (26.3%) 67.3
No (73.7%) 72.1

Being on a diet 0.14
Yes (9.9% 72.3
No (90.1%) 70.6

HEALTH AND BODY

Excellent self-reported health <0.0001
Yes (35.9%) 74.0
No (64.1%) 69.0

Overweight or obese <0.0001
Yes (10.6%) 59.6
No (89.4%) 72.6

Cantril score > =6 <0.0001
Yes (84.1%) 71.6
No (15.9%) 66.6

Body Image <0.0001
About the right size (57.4%) 72.5
Too thin (13.4%) 69.0
Too fat (29.2%) 68.2

Variable (% of the sample) % p-value

SCHOOL LIFE

Academic delay <0.0001
Yes (14.6%) 65.4
No (85.4%) 71.7

Liking school <0.0001
Yes (69.6%) 72.0
No (30.4%) 68.0

Stressed by school 0.06
Yes (68.3%) 70.4
No (31.7%) 71.8

Victim of violence at school <0.0001
Yes (21.0%) 66.0

(Continued)
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Table 1. (Continued)

No (79.0% 72.1
Perceived school grades <0.0001
Low (11.8%) 66.1
Mid (36.8%) 68.4
High (51.4%) 73.8
Support from classmates <0.0001
Low (12.1%) 66.6
Mid (54.6%) 70.5
High (33.3%) 73.0
School too demanding 0.28
Low (36.2%) 70.7
Mid (48.8%) 71.2
High (15.0%) 69.6
Bullying others <0.0001
Yes (36.0%) 66.9
No (64.0% 73.2
Being bullied <0.0001
Yes (32.8%) 66.5
No (67.2%) 73.0
Variable (% of the sample) % p-value
SES
Perceived wealth <0.0001
Low (7.4%) 63.1
Mid (27.4%) 67.6
High (65.2%) 72.9
Parental activity <0.005
Both parents working (75.1%) 71.6
One parent working (20.8%) 69.2
None working (3.1%) 66.8
Family Affluence Scale <0.0001
Low (8.8%) 66.1
Mid (35.5%) 69.3
High (55.6%) 72.8

https://doi.org/10.1371/journal.pone.0249129.t001

Three variables were used to assess SES: Perceived wealth, Parental employment and the
Family Affluence Scale (FAS), a composite variable used in HBSC studies since 1990 to mea-
sure SES [24]. Due to very strong collinearity, we only used the most significant and discrimi-
nating variable in regression models: Perceived wealth.

Three regression models were used with toothbrushing frequency as the response variable
to:

o Test for interactions between the year of study and each significant variable in order to assess
any changes of the impact of these variables.

o Control for SES (measured by Perceived wealth) which was considered as the main potential
causal factor associated with toothbrushing frequency while other groups of variables (Diet,
Perceived health and body, school life) were considered as potential confounding factors
(Table 2a, 2b and 2c¢).
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Table 2. Results from the three different logistic regressions on the whole sample with the adjusted odds-ratios
(aOR) of brushing at least twice a day. A. Dietary behavior. B. Health and body. C. School life.

aOR p-value CI 959,

A.

Study year 2010 versus 2006 1.01 0.7393 0.94 1.09
Study year 2014 versus 2006 1.86 <0.0001 1.7 2.02
Boy of 13 y/o versus 11 y/o boy 1.11 0,0598 1 1.24
Boy of 15 y/o versus 11 y/o boy 1.18 0,0037 1.06 1.32
Girl of 11 y/o versus 11 y/o boy 1.51 <0.0001 1.35 1.69
Girl of 13 y/o versus 11 y/o boy 2.36 <0.0001 2.09 2.65
Girl of 15 y/o versus 11 y/o boy 2.71 <0.0001 2.39 3.07
Eating breakfast daily 1.38 <0.0001 1.29 1.48
Eating fruits daily 1.52 <0.0001 1.41 1.65
Eating vegetables daily 1.13 0.0010 1.05 1.22
Eating sweets daily 0.91 0.0194 0.83 0.98
Drinking soft drinks daily 0.91 0.0181 0.84 0.98
Wealth perceived: Mid vs Low 1.25 0.0008 1.1 1.43
Wealth perceived: High vs Low 1.66 <0.0001 1.47 1.89
B.

Study year 2010 versus 2006 1.07 0.1041 0.99 1.16
Study year 2014 versus 2006 1.96 <0.0001 1.79 2.15
Boy of 13 y/o versus 11 y/o boy 1.07 0.2311 0.96 1.20
Boy of 15 y/o versus 11 y/o boy 1.04 0.4680 0.93 1.17
Girl of 11 y/o versus 11 y/o boy 1.57 <0.0001 1.39 1.77
Girl of 13 y/o versus 11 y/o boy 2.31 <0.0001 2.03 2.62
Girl of 15 y/o versus 11 y/o boy 2.54 <0.0001 2.23 2.89
Cantril > 6 1.19 0.0007 1.08 1.31
BMI: Overweight or obese 0.65 <0.0001 0.58 0.73
Excellent perceived health 1.30 <0.0001 1.21 1.41
Body image: too thin vs normal 0.93 0.1880 0.84 1.04
Body image: too fat vs normal 0.88 0.0037 0.80 0.96
Wealth perceived: Mid vs Low 1.16 0.0456 1.00 1.33
Wealth perceived: High vs Low 1.47 <0.0001 1.29 1.69
C.

Study year 2010 versus 2006 1.02 0.6111 0.94 1.11
Study year 2014 versus 2006 1.86 <0.0001 1.70 2.04
Boy of 13 y/o versus 11 y/o boy 1.15 0.0147 1.03 1.29
Boy of 15 y/o versus 11 y/o boy 1.18 0.0049 1.05 1.33
Girl of 11 y/o versus 11 y/o boy 1.56 <0.0001 1.39 1.76
Girl of 13 y/o versus 11 y/o boy 2.32 <0.0001 2.06 2.61
Girl of 15 y/o versus 11 y/o boy 2.62 <0.0001 2.31 2.97
Having academic delay 0.80 <0.0001 0.72 0.88
Perceived school grades: Mid 1.03 0.6189 0.92 1.15
Perceived school grades: High 1.24 0.0002 1.11 1.40
Liking school 1.02 0.6955 0.94 1.10
Demand from school: Mid 0.94 0.1313 0.87 1.02
Demand from school: High 0.90 0.0633 0.81 1.01
Classmate’s support: Mid 1.17 0.0049 1.05 1.30
Classmate’s support: High 1.29 <0.0001 1.15 1.45

(Continued)
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Table 2. (Continued)

aOR p-value CI 959,
Being bullied 0.84 <0.0001 0.78 0.90
Bullying others 0.86 <0.0001 0.80 0.93
Wealth perceived: Mid vs Low 1.19 0.0112 1.04 1.36
Wealth perceived: High vs Low 1.56 <0.0001 1.37 1.77

For variables with 3 levels, the “Low” level was used as reference. Due to the interaction, age and sex are described as
one variable with 6 levels, the reference level being a boy of 11 y/o. Significant values at p<0.0001 in bold.

The reference level is a boy of 11 y/o in 2006. For example, on Table 2a, being a boy of 11 y/o in 2014 gives an aOR of
1.86 in favor of brushing at least twice a day versus a boy of 11 y/o in 2006. No significant interactions were
identified, so the aOR of brushing at least twice a day for a 15 y/o girl in 2014 versus a 15 y/o girl in 2006 is not
significantly different from 1.86.

https://doi.org/10.1371/journal.pone.0249129.t1002

Three final models were obtained, each including the Year of the study, Age, Sex, Perceived
wealth, and the significant (p<0.001) variables describing either Diet (Table 2a), Health and
body (Table 2b) or School life (Table 2c), as well as significant interactions if any. The impacts
of variables were measured using adjusted odds ratio (aOR).

Interactions were tested between age, sex and the other significant variables, since age and
sex are commonly involved in interactions regarding health behaviors.

As is often done in HBSC analyses, we used a significance level o of p<0.001.

Results

From the 29226 questionnaires of the 2006, 2010 and 2014 studies, keeping only the question-
naires of students of 11, 13 and 15 years old who were included in the international HBSC
studies (10309 exclusions) and who answered the question about toothbrushing (352 exclu-
sions), 18727 questionnaires were analyzed, 7135 for 2006, 6103 for 2010 and 5489 for 2014
(Fig 1).

The sample was almost perfectly balanced, with 9352 boys (49.9% overall, 49.7% in 2006,
50.1% in 2010 and 2014) and 9375 girls. 6294 students were 11 years old (33.6%), 6609 were 14
(35.3%), and 5824 were 15 (31.1%) (Fig 2).

Toothbrushing frequency improved significantly in 2014 compared to 2010 and 2006.
While in 2006, 66.8% of students reported brushing twice a day or more, their percentage was
68.0% in 2010 (not significantly different from 2006) and 78.8% in 2014 (significantly different
from 2006 and 2010, p<0.0001).

Full population International Final sample after removing

who attended sample aged 11, fMISSINg dat_as about s

the studies 130r 15y/o toothbrushing frequency (missing
data %)

2006: 7154 2006: 7154 2006: 7135 (0.3%)

2010:11638 2010:6127 2010: 6103 (0.4%)

2014:10434 2014:5636 2014: 5489 (2.6%)

Total: 29926 Total: 18917

_Total: 18727 (1.0%)

Fig 1. Flow chart. In 2006, the study was designed to comply with the international requirements while, in 2010 and
2014, the sample was larger to better describe a specific French population.

https://doi.org/10.1371/journal.pone.0249129.9001
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Fig 2. Population according to age, sex and year of study.

https://doi.org/10.1371/journal.pone.0249129.9002

Age and sex are strong factors associated with tooth brushing frequency, and their impact
changed little over the years (Fig 3). Brushing frequency among boys is not associated with
their age, while toothbrushing frequency increased among girls as they grow older. However,
this improvement with age among girls tended to diminish in the 2014 study due to a faster
increase of the twice a day brushing among younger girls (+11.4% from 2010 to 2014 for the
11 year old girls) than among older girls (+9.3% over the same period for the 15 year old girls).
Being a girl (and, even more, an older girl) remained the most important associated factor
over the 3 studies with around 10% more girls than boys brushing twice a day.

Among the whole sample (2006, 2010 and 2014 grouped together), almost all studied vari-
ables were associated with tooth brushing frequency (Table 1).

In particular, healthy eating habits (daily consumption of fruit, vegetables or breakfast)
were associated with an increased proportion of twice a day tooth brushing among students;
up to a 10% increase for fruit consumption (Table 1). High socio-economic status markers
(Family affluence scale, perceived family wealth, parental employment), having no problem in
school life (no involvement in bullying or violence, not lagging behind academically, liking
school), excellent self-reported health, good body perception, good life satisfaction and not

100.0%

Girls vs Boys: *"

£33
90.0%

80.0%

Ek |

70.0%
60.0%
50.0%
40.0%
30.0%
20.0%
10.0%

0.0%

11y/o Boy 13y/o Boy 15y/o Boy 11y/o Girl 13y/o Girl 15y/o Girl

=)

m2006 m2010 W2014

Fig 3. Proportion of adolescents brushing at least twice a day according to age, sex and year of the study. The
proportion is significantly higher (***: p>>0.0001) among girls than boys, and in 2014 compared to 2010 and 2006 in
every age/sex group (***). A slightly increased toothbrushing frequency among older girls (13 y/o vs 11 y/o, and 15 y/o
vs 13 and 11 y/o) can also be seen.

https://doi.org/10.1371/journal.pone.0249129.9003
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being overweight or obese were also associated with a higher toothbrushing frequency
(Table 1).

The vast majority of the missing values in regression models were due to the BMI item
(2074 missing values). Among the adolescents with a missing BMI, 67.2% brushed twice a day.
Since this value is between the “Normal weight” (72.6% of them brush twice a day) and the
“Overweight or obesity” (59.6%) groups, we assumed that those missing value were from ado-
lescents with normal weight as much as overweight or obese adolescents. The most probable
reason for those missing value is adolescents not knowing their height or weight. Those miss-
ing values were considered as missing at random.

Results from the regressions (Table 2a, 2b and 2¢) confirmed the findings on the impact of
age and sex, including an interaction term. No significant effect of age on toothbrushing fre-
quency among boys was identified, while there was a slight significant effect among girls.
Adjusted OR (aOR) at 11 y/o ranged from 1.40 to 1.57 in the models, and from 2.54 to 2.71 at
15 y/o. Results shown are the cumulative effect of being a girl and being 11, 13 or 15 y/o, the
base level being an 11 y/o boy. In each model, being a girl (especially an older girl) was the
strongest factor associated with an appropriate toothbrushing frequency. The diminution over
the studies of the impact of age on girls’ toothbrushing frequency, identified in bivariate analy-
sis, was not strong enough to be kept in the regression model.

The year 2014 was the second strongest associated factor and no interaction between the
year of the study and any other variable associated with tooth brushing frequency was found.
All associated factors stayed almost constant over the years.

SES, measured via perceived wealth, was the 3™ strongest associated factor.

In the “Dietary behavior” model (Table 2a), having a breakfast (aOR 1.38, Clgso, [1.29-
1.48]) and eating fruits every day (aOR 1.52, Clgse, [1.41-1.64]) were the strongest positive fac-
tors associated with twice a day tooth brushing.

In the “Health and body” model (Table 2b), being overweight (aOR 0.65, Clgse, [0.58—
0.73]) was a strong negative factor associated with toothbrushing frequency, while an excellent
perceived health (aOR 1.30, Clgsy, [1.21-1.41]) was the strongest positive associated factor.

In the “School life” model (Table 2c), Classmate’s support and high perceived school grades
were positive associated factors, while having academic delay or being part of bullying as a
bully or a victim were unfavorable factors associated with twice a day toothbrushing.

Discussion

We observed an increase of twice a day tooth brushing among adolescents from around 70%
in 2006 and 2010 to 80% in 2014. It is likely that knowledge about the appropriate toothbrush-
ing frequency led to a response (social desirability) bias overestimating the real toothbrushing
frequency. It is however likely that this bias stayed constant over the 3 studies as no important
changes were made to the protocol of the studies, and thus that the increase of twice a day
toothbrushing reflect a real trend. Societal pressure may have increased, but would be more
likely to be associated with an increase in missing answers to the question in 2014, than to false
declaration to this extent. The national voluntary prevention program mentioned in introduc-
tion was updated to be more efficient on the same period, however it still only reaches one
third of the targeted children and likely can’t be the only cause of the changes we observed. A
detailed investigation on the French national and regional prevention programs as well as soci-
etal changes could help understand this evolution.

The strongest factor explaining differences in toothbrushing behavior is being a girl, which
has already been known for a long time [14]. A high SES was a strong factor associated with
adequate toothbrushing in each model.
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A low tooth brushing frequency is associated with poor perceived health, unhealthy eating
habits and overweight or obesity, all of these elements being likely consequences of unhealthy
lifestyles and poor health knowledge. This should be a major concern since the association of
these unfavorable factors leads to an increased risk of oral and general health diseases. Difficul-
ties in school life and low perceived family wealth are often associated with low SES, which is
often found as a socio-environmental factor associated with poor oral hygiene. Our findings
match previous results [17].

An adequate toothbrushing frequency comes from the combination of knowledge (Health
literacy) and motivation [25]. Age, gender and SES are most likely associated with both ele-
ments and possibly causal factors for toothbrushing frequency. On the other hand, the “Health
and body” and “Dietary behavior” variables are consequences of health literacy and should be
considered as confounding factors considering toothbrushing frequency. They are however of
interest due to the cumulative effect they may have with toothbrushing frequency in prevent-
ing or facilitating oral diseases.

Variables describing “School life” are harder to interpret. They may be consequences of SES
(alow SES is associated with lower academic results and a higher risk of bullying), and thus
confounding factors, but could also be causal factors for knowledge (better academic results
linked to a better health literacy) and motivation (via better relationships with classmates).
Those two interpretations are likely coexisting.

The improvement in tooth brushing frequency is shared among the whole population with
no exception. All associated factors stayed constant in 2006, 2010 and 2014. Traditional popu-
lations showing a high risk of low oral hygiene (boys, populations with low social and eco-
nomic status, cumulating other risk factors such as unhealthy lifestyles) benefited from this
change as well and were not left behind. Although they still have more room for improvement
than the other adolescents, this shows that there are no inevitable consequences for those pop-
ulations, which are often considered to be too hard to reach for prevention.

Most missing values were linked to BMI. Adolescents may not have known their height or
weight, or did not want to disclose it. A lack of knowledge seems more likely since both vari-
ables were missing at roughly the same ratio, and while weight is a sensitive question, height
isn’t. This is backed by the fact that their brushing frequency is between the frequencies of the
“overweight” group and the “normal weight” group, advocating for a mixed group.

Global population-based prevention programs should be maintained to address the broad-
est proportion of children and adolescents. Some high-risk groups should be targeted with
more specific programs, such as multidisciplinary counselling or therapeutic patient education
to improve their knowledge and behavior considering oral health [12, 26].

Cohort studies are needed to confirm the causality hypothesis we developed in discussion,
which cross-sectional studies like HBSC can’t. While this sample is highly representative of the
French population, it would be interesting to check if the associations identified during this
study are similar in other countries, which could be done using the result from other HBSC
studies.

Conclusion

Tooth brushing frequency increased among adolescents from 2010 to 2014, probably due to an
efficient improvement of the prevention programs over recent decades. Although socio-eco-
nomic inequalities in oral hygiene habits persists, populations at risk still benefitted from the
improvement in toothbrushing frequency like the rest of the population.

Oral hygiene stays closely associated with other healthy behaviors and should be considered
as part of a whole when addressing health education. It is possible to improve oral hygiene and
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while the whole population could benefit from it, some populations are more in need and
could use oral hygiene and diet improvement to reduce their risk for oral diseases.

Comparison with the other countries undertaking the HBSC study could now offer a
broader vision of oral hygiene in western countries.

Supporting information

S1 ChecKlist.
(DOC)

S1 Questionnaire.
(PDF)

Acknowledgments
Health Behaviour in School-Aged Children (HBSC) is an international study carried out in

collaboration with World Health Organization/Europe WHO/EURO. The French National
Coordinator is Emmanuelle Godeau.

Author Contributions

Conceptualization: Emmanuelle Godeau.

Data curation: Emmanuelle Godeau.

Formal analysis: Gabriel Fernandez de Grado.

Methodology: Gabriel Fernandez de Grado, Virginie Ehlinger.

Project administration: Emmanuelle Godeau, Catherine Arnaud.

Resources: Catherine Arnaud, Nadia Benkirane-Jessel.

Software: Catherine Arnaud.

Supervision: Cathy Nabet, Nadia Benkirane-Jessel, Anne-Marie Musset, Damien Offner.
Writing - original draft: Gabriel Fernandez de Grado.

Writing - review & editing: Gabriel Fernandez de Grado, Virginie Ehlinger, Emmanuelle
Godeau, Catherine Arnaud, Cathy Nabet, Nadia Benkirane-Jessel, Anne-Marie Musset,
Damien Offner.

References

1. Petersen PE, Bourgeois D, Ogawa H, Estupinan-Day S, Ndiaye C. The global burden of oral diseases
and risks to oral health. Bull World Health Organ. 2005; 83(9):661-9. https://doi.org//S0042-
96862005000900011 PMID: 16211157

2. Bourgeois DM, Roland E, Desfontaine J. Caries prevalence 1987-1998 in 12-year-olds in France. Int
Dent J. 2004; 54(4):193—200. https://doi.org/10.1111/}.1875-595x.2004.tb00280.x PMID: 15335089

3. CahenPM, Obry-Musset AM, Grange D, Frank RM. Caries prevalence in 6- to 15-year-old French chil-
dren based on the 1987 and 1991 national surveys. J Dent Res. 1993; 72(12):1581—7. https://doi.org/
10.1177/00220345930720120901 PMID: 8254126

4. TraverF, Saucey M-JD, Gaucher C. Oral hygiene of children and adolescents participating in the dental
examination programme. Santé Publique. 2014;Vol. 26(4):481-90. PMID: 25380263

Assurance-Maladie. Taux de recours a 'EBD de 2011 22016. 2017.

6. Chardon O, Guignon N. La santé des adolescents scolarisés en classe de troisieme—Ministere des
Solidarités et de la Santé. 2018.

PLOS ONE | https://doi.org/10.1371/journal.pone.0249129 March 29, 2021 11/12


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0249129.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0249129.s002
https://doi.org//S0042-96862005000900011
https://doi.org//S0042-96862005000900011
http://www.ncbi.nlm.nih.gov/pubmed/16211157
https://doi.org/10.1111/j.1875-595x.2004.tb00280.x
http://www.ncbi.nlm.nih.gov/pubmed/15335089
https://doi.org/10.1177/00220345930720120901
https://doi.org/10.1177/00220345930720120901
http://www.ncbi.nlm.nih.gov/pubmed/8254126
http://www.ncbi.nlm.nih.gov/pubmed/25380263
https://doi.org/10.1371/journal.pone.0249129

PLOS ONE

Tooth brushing among French adolescents 2006-2014

10.

1.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.
22,

23.

24,

25.

26.

Davies R, Davies G, Ellwood R, Kay E. Prevention. Part 4: Toothbrushing: What advice should be given
to patients? British Dental Journal. 2003; 195(3):135—41. https://doi.org/10.1038/sj.bd}.4810396 PMID:
12907975

Kumar S, Tadakamadla J, Johnson NW. Effect of Toothbrushing Frequency on Incidence and Incre-
ment of Dental Caries: A Systematic Review and Meta-Analysis. J Dent Res. 2016; 95(11):1230-6.
https://doi.org/10.1177/0022034516655315 PMID: 27334438

Polk DE, Geng M, Levy S, Koerber A, Flay BR. Frequency of daily tooth brushing: predictors of change
in 9- to 11-year old US children. Community Dent Health. 2014; 31(3):136—40. PMID: 25300146

Attin T, Hornecker E. Tooth brushing and oral health: how frequently and when should tooth brushing
be performed? Oral Health Prev Dent. 2005; 3(3):135—-40. PMID: 16355646

Kuusela S, Honkala E, Rimpela A. Toothbrushing frequency between the ages of 12 and 18 years—lon-
gitudinal prospective studies of Finnish adolescents. Community Dent Health. 1996; 13(1):34—9. PMID:
8634895

Huebner CE, Milgrom P. Evaluation of a parent-designed programme to support tooth brushing of
infants and young children. Int J Dent Hyg. 2015; 13(1):65-73. https://doi.org/10.1111/idh.12100 PMID:
25070036

Liu Y. The relationship between lifestyle and self-reported oral health among American adults. Int Dent
J. 2014; 64(1):46-51. hitps://doi.org/10.1111/idj.12061 PMID: 24117147

Maes L, Vereecken C, Vanobbergen J, Honkala S. Tooth brushing and social characteristics of families
in 32 countries. Int Dent J. 2006; 56(3):159-67. https://doi.org/10.1111/j.1875-595x.2006.tb00089.x
PMID: 16826883

Thomson WM, Poulton R, Milne BJ, Caspi A, Broughton JR, Ayers KM. Socioeconomic inequalities in
oral health in childhood and adulthood in a birth cohort. Community Dent Oral Epidemiol. 2004; 32
(5):345-53. https://doi.org/10.1111/j.1600-0528.2004.00173.x PMID: 15341619

Poulton R, Caspi A, Milne BJ, Thomson WM, Taylor A, Sears MR, et al. Association between children’s
experience of socioeconomic disadvantage and adult health: a life-course study. Lancet. 2002; 360
(9346):1640-5. https://doi.org/10.1016/S0140-6736(02)11602-3 PMID: 12457787

Fernandez de Grado G, Ehlinger V, Godeau E, Sentenac M, Arnaud C, Nabet C, et al. Socioeconomic
and behavioral determinants of tooth brushing frequency: results from the representative French 2010
HBSC cross-sectional study. J Public Health Dent. 2018; 78(3):221-30. https://doi.org/10.1111/jphd.
12265 PMID: 29377143

Currie C, Nic Gabhainn S, Godeau E. The Health Behaviour in School-aged Children: WHO Collabora-
tive Cross-National (HBSC) study: origins, concept, history and development 1982—-2008. Int J Public
Health. 2009; 54 Suppl 2:131-9. https://doi.org/10.1007/s00038-009-5404-x PMID: 19639260

Roberts C, Freeman J, Samdal O, Schnohr CW, de Looze ME, Nic Gabhainn S, et al. The Health
Behaviour in School-aged Children (HBSC) study: methodological developments and current tensions.
Int J Public Health. 2009; 54 Suppl 2:140-50. https://doi.org/10.1007/s00038-009-5405-9 PMID:
19639259

Ehlinger V, Spilka S, Godeau E. Présentation de 'enquéte HBSC sur la santé et les comportements de
santé des collégiens de France en 2014. Agora débats/jeunesses. 2016;N° Hors série(4):7-22.

Cantril H. The pattern of human concerns: Rutgers University Press; 1965.

R Core Team (2017). R: A language and environment for statistical computing. R Foundation for Statis-
tical Computing, Vienna, Austria. URL https://www.Rproject.org/.

RStudio Team RStudio: Integrated Development for R. RStudio, Inc., Boston, MA URL http://www.
rstudio.com/. 2016.

Currie C, Molcho M, Boyce W, Holstein B, Torsheim T, Richter M. Researching health inequalities in
adolescents: the development of the Health Behaviour in School-Aged Children (HBSC) family afflu-
ence scale. Soc Sci Med. 2008; 66(6):1429-36. https://doi.org/10.1016/j.socscimed.2007.11.024
PMID: 18179852

NS MM, Y R,V J, P A, M H. Determinants of oral health: does oral health literacy matter? ISRN den-
tistry. 2013; 2013.

Marquillier T, Delfosse C, Laumaillé M, Hamel O, Trentesaux T. Prevention of carious disease in chil-
dren: From general population approach to targeted intervention. Ethics, Medicine and Public Health.
2018; 5:132-8.

PLOS ONE | https://doi.org/10.1371/journal.pone.0249129 March 29, 2021 12/12


https://doi.org/10.1038/sj.bdj.4810396
http://www.ncbi.nlm.nih.gov/pubmed/12907975
https://doi.org/10.1177/0022034516655315
http://www.ncbi.nlm.nih.gov/pubmed/27334438
http://www.ncbi.nlm.nih.gov/pubmed/25300146
http://www.ncbi.nlm.nih.gov/pubmed/16355646
http://www.ncbi.nlm.nih.gov/pubmed/8634895
https://doi.org/10.1111/idh.12100
http://www.ncbi.nlm.nih.gov/pubmed/25070036
https://doi.org/10.1111/idj.12061
http://www.ncbi.nlm.nih.gov/pubmed/24117147
https://doi.org/10.1111/j.1875-595x.2006.tb00089.x
http://www.ncbi.nlm.nih.gov/pubmed/16826883
https://doi.org/10.1111/j.1600-0528.2004.00173.x
http://www.ncbi.nlm.nih.gov/pubmed/15341619
https://doi.org/10.1016/S0140-6736%2802%2911602-3
http://www.ncbi.nlm.nih.gov/pubmed/12457787
https://doi.org/10.1111/jphd.12265
https://doi.org/10.1111/jphd.12265
http://www.ncbi.nlm.nih.gov/pubmed/29377143
https://doi.org/10.1007/s00038-009-5404-x
http://www.ncbi.nlm.nih.gov/pubmed/19639260
https://doi.org/10.1007/s00038-009-5405-9
http://www.ncbi.nlm.nih.gov/pubmed/19639259
https://www.Rproject.org/
http://www.rstudio.com/
http://www.rstudio.com/
https://doi.org/10.1016/j.socscimed.2007.11.024
http://www.ncbi.nlm.nih.gov/pubmed/18179852
https://doi.org/10.1371/journal.pone.0249129

