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Abstract

Hanna Suokko', Mimmi Tolvanen, Jorma Virtanen, Auli Suominen, Linnea Karlsson, Hasse Karlsson, 
Satu Lahti

We aimed to identify factors predicting toothbrushing less than twice daily at the age of 2
years. The data from the FinnBrain Birth Cohort Study of 506 mother–father pairs (with 506
children) were used. Logistic regression analyses were conducted of the outcome (brushing
less than twice daily) at the age of 24 months. Independent variables were parental age,
parental education, siblings in the household, use of childcare service, and information
about whether the parents are divorced, as well as brushing of the child's teeth and the
parents’ own teeth at 12 months with their first order interactions. More than one quarter
of the parents reported brushing their child's teeth less than twice daily at the age of 2
years. The strongest predictor for brushing the child's teeth less than twice daily at the age
of 24 months was brushing child's teeth less than twice daily at the age of 12 months; the
effect was significantly stronger for those children whose fathers had low education than
for those whose fathers had medium/high education. Other predictors were mother's and
father's own brushing at 12 months, childcare at home, and mother's low education. To
improve toothbrushing in young children, early intervention is needed in families where
parents brush their own teeth less than twice daily and in families with low education.

INTRODUCTION
Oral diseases are largely preventable, provided good oral hygiene is maintained; the universal
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recommendation is to brush teeth twice daily with fluoride toothpaste to maintain good oral
health and to prevent oral diseases [1-3]. Among children, the most common oral disease is
caries [4]. It is a multifactorial chemical dissolution of the tooth surface resulting from a
complex interaction over time between acid-producing micro-organisms and fermentable
carbohydrates obtained from food [5, 6]. Early childhood is an important phase when
toothbrushing behavior begins to take shape [7] and the foundations for good oral hygiene are
created. Toothbrushing behavior learned before a child is 5 years old seems to be quite
consistent and stable [8-10].

Parents act as models, and strong daily routines may have a positive and long-lasting impact on
their children's health behavior, like eating and toothbrushing [11, 12]. In our previous study,
we found that less than twice daily toothbrushing of both mothers and fathers was strongly
associated with the less than twice daily toothbrushing of their child, when adjusted for
parents' age and education, and the gender of the child and siblings. In families where at least
one parent brushed his/her teeth twice daily, the child's teeth were more often brushed twice
daily [13].

Other family-related factors, for instance, living conditions and parents’ educational level, are
also associated with toothbrushing behavior [14-17]. Hence, changes in family-related factors,
such as a child starting day care or the parents’ divorce, may affect the toothbrushing behavior
of the parents or the child and the kind of behavior that the child adopts.

The mother's toothbrushing behavior is a strong predictor of children's brushing behavior
[18-23]. However, there is a scarcity of studies examining the role of fathers or the effects of
both parents’ toothbrushing behavior on the brushing of their child's teeth [13, 18, 24].
Furthermore, to the best of our knowledge, there are no longitudinal studies that have
investigated the influence of both parents on the toothbrushing of a very young child. In our
previous study, we found that both parents have an important role in brushing a 1-year-old
child's teeth—not just the mother [13].

The general aim of this study was to examine changes in brushing a child's teeth when the
child grows from 1 year old to 2 years old, when the behavior starts to stabilize. The specific
aim was to identify factors predicting less than twice daily brushing of the child's teeth at the
age of 2 years, adjusting for the brushing at the age of 1 year. We hypothesized that the
parents’ age and education, and their toothbrushing behavior at 12 months, would predict less
than twice daily brushing of a child's teeth at the age of 24 months.

MATERIAL AND METHODS
This study is a secondary analysis of longitudinal data obtained from the multidisciplinary
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FinnBrain Birth Cohort Study (www.finnbrain.fi) in Finland. The FinnBrain Birth Cohort Study is
investigating the combined effects of the environment and genes on a child's brain
development and health [25]. The participants at the start of the study were recruited among
pregnant women and their partners attending ultrasonography appointments that were
offered at municipal maternity clinics during the first trimester of their pregnancy (gestational
week [gwk] 12) in the South-Western Hospital District and the Åland Islands in Finland in
2011–2015. Mothers were asked to invite partners (later called fathers), who did not attend the
ultrasonography appointment, to participate in the study.

Due to parallel visits and some other occasional resource constraints, only 65.1% (= study
population) of the newly pregnant women visiting the recruitment sites during the specified
period could be contacted and informed about the study [25]. The Ethics Committee of the
Hospital District of Southwest Finland has approved the study protocol (14.6.2011
ETMK:57/180/2011 § 168). The number of participants at the different phases of the study is
presented in Figure 1. The parents gave written informed consent on their own and their child's
behalf.

FIGURE 1

Open in figure viewer ((PowerPoint

Flowchart presenting a number of participants at different phases of the study.

The inclusion criterion required both parents to have answered at least one of the questions
related to oral health at both the 12- and 24-month time points. The study population was
thereby restricted to 506 mother–father pairs with 506 children. The study population
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comprised 30.3% of those mothers and 58.4% of those fathers who answered at least one of
the questions related to their own and their child's oral health at the time point of 12 months.
Attrition analysis of the overall loss in the FinnBrain Cohort study has been presented earlier
[25]; those who dropped out of the study were statistically significantly younger, had lower
education, and a higher proportion of them were male.

Oral health-related questions were included in the questionnaire for every participant, but not
everyone answered them. Questions on the frequency of toothbrushing and the use of
fluoridated toothpaste were asked with seven response alternatives: 3–4 times per day, twice
daily, once daily, 2–3 times per week, once a week, twice a month, and seldom or never. All
toothbrushing frequencies and the use of fluoridated toothpaste were dichotomized into twice
daily or more often, or less than twice daily. Dichotomizations were done according to Finnish
Current Care Guidelines [3].

For examining the changes in the brushing of the children's teeth between the ages of 12- and
24-months, a new brushing variable was created. Child's toothbrushing frequencies at the age
of 1 and 2 years were combined and categorized similarly: toothbrushing at least twice daily at
both times, toothbrushing less often than twice daily at both times, toothbrushing at least twice
daily at the 12 months but less than twice daily at age 24 months, and vice versa.

Information about family-related variables (age and education level of the mother and father)
was collected at the baseline (gwk 12). Other family-related variables (siblings in the household,
form of childcare, and information about whether the parents are divorced or separated) were
collected at the time point of 24 months. Family-related variables were selected based on the
literature and availability in this study. The parents’ age was used as a continuous variable.
Education was chosen from different socio-economic variables due to its best predictive ability
in this population [26]. Education was categorized into two levels: low (high school/vocational ≤
12 years) or medium (polytechnics), plus high (university degree or comparable). The
categorization is based on both the number of years and the orientation of education
according to the Finnish system, which has a compulsory level (9 years), a secondary level with
vocational or general/academic (11–12 years) orientation, and an advanced level with
vocational (polytechnics) or academic (university degree or comparable) orientation.

The data on siblings were categorized into two separate variables because of the longitudinal
setting: firstborn child and younger siblings. Based on the percentage distribution and
literature [27, 28], childcare was dichotomized into at-home childcare or out-of-home childcare.
Parents’ divorces were categorized as “no” (parents are not divorced or separated when the
child is 2 years old) or “yes” (parents are divorced or separated when the child is 2 years old).
Table 1 shows the coding of the variables for subsequent analyses.
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TABLE 1. Frequencies of toothbrushing behaviors and family-related factors separately for
mothers and fathers at the child's age of 12 and 24 months in the FinnBrain Birth Cohort study
(n = 506).

Note: The coding used in the logistic regression analyses is also given.

Bivariate associations between frequencies of toothbrushing for the parents’ own and their
child's teeth at 12 and 24 months, as well as family-related factors, were evaluated using cross-
tabulations and Pearson Chi-squared tests. Associations with parental age were evaluated with
mean and standard deviation and with Student's t-test or one-way ANOVA. The Wilcoxon
signed-rank test and Cohen's kappa test were used when studying whether the mothers
reported the frequency of brushing their child's teeth differently from the fathers.

Toothbrushing (child) At least twice

daily

0 58.8

(297)

73.5

(372)

57.4

(290)

70.0

(354)

Less than twice

daily

1 41.2

(208)

26.5

(134)

42.6

(215)

30.0

(152)

Toothpaste (child) At least once daily 0 73.6

(371)

97.0

(488)

71.9

(361)

96.6

(485)

Less than twice

daily

1 26.4

(133)

3.0 (15) 28.1

(141)

3.4 (17)

Toothbrushing (parent) At least twice

daily

0 80.3

(404)

82.9

(416)

70.2

(353)

70.4

(356)

Less than twice

daily

1 19.7 (99) 17.1 (86) 29.8

(150)

29.6

(150)

Toothpaste (parent) At least twice

daily

0 80.2

(404)

82.9

(418)

69.5

(348)

70.0

(354)

Less than twice 1 19.8 17.1 (86) 30.5 30.0

Mothers Fathers

12

months

24

months

12

months

24

months

Variable Categories Code % (n) % (n) % (n) % (n)
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Firth penalized likelihood logistic regression analyses were conducted of the outcome, brushing
a child's teeth less than twice daily, at the age of 24 months. In the initial model, independent
variables were brushing of the child's teeth at the age of 12 months, toothbrushing frequencies
of the mother and father at 12 months, educational level of the parents, age of parents, child's
gender, childcare, firstborn child, and younger siblings. The coding of these variables is shown
in Table 1. We also included interaction terms between brushing of the child's teeth at the age
of 12 months and all other independent variables. To arrive at a parsimonious and sufficiently
fitting model, a manual backward method was used for the selection of variables. Interaction
terms and main effects that did not reach the significance level of p < 0.05 or did not improve
model fit were eliminated. Of the models tested, the selected one was the most parsimonious
and robust model. The statistical analyses were conducted using SPSS STATISTICS FOR WINDOWS

(IBM), version 26.0, or the statistical analysis software SAS VERSION 9.4 (SAS Institute).

RESULTS
Of the children, 48.2% were girls. The toothbrushing behavior and sociodemographic
characteristics of the parents at the child's age of 12 and 24 months are shown in Table 1. The
average age of the mother at childbirth was 31.2 years (SD 4.3), and the average age of the
father at childbirth was 33.2 years (SD 5.1). Parents reported brushing their child's teeth at
least twice daily, more often when the child was 24 months old than they did at the child's age
of 12 months. A similar trend was seen in the brushing habits of the parents themselves. About
half of the children had either younger or older siblings at the age of 24 months. Sixty-two
(12.3%) children who had no siblings at the age of 1 year had a sibling by the age of 2 years.
Two-thirds of the children were in out-of-home childcare at the age of 24 months. Only a few
parents had divorced or separated when the child was 24 months old (Table 1).

At the child's age of 24 months (Table 2), parents in all age groups tended to brush their child's
teeth at least twice daily more often than they did when the child was 12 months old. At the
child's age of 24 months, parents with lower levels of education reported brushing their child's
teeth at least twice daily less frequently than did parents with higher education.

TABLE 2. Proportions (%) of parents brushing their child's teeth at least twice daily at the ages
of 12 and 24 months, according to family-related factors in the FinnBrain Birth Cohort (n = 506).

Mother's report: Child's

toothbrushing at least twice daily

Father's report: Child's

toothbrushing at least twice

daily

12 months 24 months 12 months 24 months
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At the child's age of 12 months, mother–father pairs reported an 84% agreement in brushing
their child's teeth, 50% brushing at least twice daily, and 34% less often. In 9% of the pairs, the
mother reported brushing more often than the father, and in 7%, vice versa. At the child's age
of 24 months, mother–father pairs reported with 87% agreement (65% at least twice daily, and
22% less often). In 8% of the pairs, the mother reported brushing more often than the father,
and vice versa in 5%. Kappa-values were 0.67 at both time points, indicating a good strength of
agreement in the parents’ reports on the toothbrushing frequency of their child.

The final logistic regression model showed (Table 3) that the strongest predictor for brushing
the child's teeth less than twice daily, as reported by the mother at the age of 24 months, was
brushing the child's teeth less than twice daily at the age of 12 months when the father had low
education. The effect was less strong for those children whose fathers have medium/high
education, but 95% confidence intervals for both groups were wide, indicating uncertainty. The
strongest predictor for brushing the child's teeth less than twice daily, as reported by the father
at the age of 24 months, was brushing the child's teeth less than twice daily at the age of 12
months when the father had medium/high education. Other predictors for brushing the child's
teeth less than twice daily at the age of 24 months were the mother and the father themselves

Education Low 61 (54) 72 (64) 102 (56) 113 (62)

Medium/High 226 (61) 288 (77) 175 (59) 220 (74)

Parental age,

years

Mean (SD) 30.9 (0.2) 31.2 (0.2) 32.4 (0.3) 33.0 (0.3)

Childcare At home 104 (59) 131 (74) 99 (57) 118 (67)

Out-of-home 193 (59) 241 (73) 191 (58) 236 (72)

Firstborn

child

No 102 (56) 136 (75) 97 (54) 125 (69)

Younger

siblings

Yes 49 (65) 58 (76) 49 (65) 57 (75)

* *

** ***

* p < 0.05 for Chi-squared tests within the groups of mothers and fathers.

** p < 0.05 for t-tests within the groups of mothers and fathers

*** p < 0.05 for the Wilcoxon rank-sum test within the groups of mothers and fathers.

Variable Categories n (%) n (%) n (%) n (%)
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brushing their teeth less than twice daily at the time point of 12 months, childcare at home,
and the mother's low education. The effects of all these were close to each other.

TABLE 3. Results from logistic regression analysis of the parental reporting of the outcome
brushing child's teeth less than twice daily at the age of 24 months as a function of family-
related variables and parents’ toothbrushing behavior (n = 466 children).

Attrition analyses revealed that compared with participating pairs, mothers who participated
without the father more often had more than one child (40.4% and 45.8%, respectively) and
lower education (26.7% and 31.9%, respectively). Compared with participating pairs, the fathers
who participated without the mother tended to have higher education (30.6% and 32.7%,
respectively). No differences in age or toothbrushing and the use of fluoridated toothpaste
were observed between these groups.

Mother brushes teeth less than

twice daily at child age of 12

months

1.94 (1.06–3.56) 0.032 2.93 (1.60–5.35) 0.001

Father brushes his teeth less than

twice daily at child age of 12

months

1.88 (1.09–3.23) 0.023 1.92 (1.13–3.28) 0.017

Brushing a child's teeth less than

twice daily at child age of 12

months among those

whose fathers have low

education

21.05 (8.25–53.74) <0.001 9.83 (4.57–21.13) <0.001

whose fathers have

medium/high education

4.74 (2.52–8.89) <0.001 12.38 (6.04–25.38) <0.001

Mother's low education

(ref. medium/high)

1.94 (1.05–3.61) 0.035 1.33 (0.72–2.47) 0.362

Mothers reporting

toothbrushing less than twice

daily

Fathers reporting

toothbrushing less than twice

daily

Categories OR (95% CI) p OR (95% CI) p
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DISCUSSION
This longitudinal study showed that parents brushed their 2-year-old child's teeth according to
recommendations more often than when the child was 1 year old. The strongest predictor for
brushing the child's teeth less than twice daily at the age of 2 years was brushing the child's
teeth less than twice daily at the age of 1 year. This effect was considerably stronger for
children whose fathers had lower levels of education compared with those whose fathers had
medium or high levels of education.

There are very few longitudinal and representative studies on the toothbrushing behavior of
children as young as in this study [9, 29]. This birth cohort study sample was large and has
been shown to represent well the general population in the geographic area. However, the
findings should be generalized with caution to families with small children in Finland [25], since
the drop-out rate was quite high. One of the strengths of this study was also that the
population included fathers, whose impact on the toothbrushing behavior of children had only
been marginally studied. This study also had limitations. In families with more than one child,
both parents were more likely to remain in the study and to be included in the population at
the 24-month time-point than families with only one child. Highly educated parents and
parents over 27 years of age were better represented in the 2-year pairwise data than those
who dropped out from the study. When comparing those mothers and fathers whose partners
did not participate in the study at the 24-month time point with those mothers and fathers who
both participated to the study, no statistically significant differences in toothbrushing behavior
were observed. Highly educated parents were also slightly overrepresented compared with the
Finnish population [30]. Thus, the findings about toothbrushing frequencies of parents and
their children might be better than they would be in the general population. However, the
findings about toothbrushing frequencies were similar among women, but somewhat better
among men in our study than in a national study among women and men of a similar age in
Finland [31]. Another limitation of this study was that the data were collected using self-
reported questionnaires which could lead to more socially acceptable answers. The number of
fathers was smaller than the number of mothers, possibly due to the recruitment during
ultrasonography visits. Since we do not have information on if the mothers attended these
visits alone or with the father/partner, we cannot calculate the percentage of the fathers who
agreed to participate. Of the mothers, 97.3% reported in the baseline questionnaire living with
the child's father or other male partner. There was only one two-female couple in the data,
thus limiting the findings to heterosexual couples.

The findings of the overall improvement of the toothbrushing frequency at the age of 2 years
are in line with previous longitudinal studies of small children [9, 29]. In considering changes in
the toothbrushing behavior of parents of children aged of 1 and 2 years, this study revealed
that only a small percentage, approximately 10%, of parents altered their brushing behavior
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during that period. If the parent changed brushing behavior, the change often also affected the
brushing of a child's teeth, especially for mothers. However, the change in parental
toothbrushing did not predict the brushing of the child's teeth at the age of 2 years. To the best
of our knowledge, there are no previous studies in which the change of both parents’
toothbrushing behavior or its impact on brushing a child's teeth has been examined.

The finding that the father's low education was strongly associated with the brushing of the
child's teeth at the age of 2 years is consistent with a previous study [32]. However, the 95%
confidence intervals were very wide, indicating that the results on the strength of the effect
should be interpreted with caution. One reason for this could be the limited sample size used
when modelling the interaction. Interestingly, the parents' education was not shown to have an
impact on toothbrushing of the 1-year-olds in our previous study [13]. One of the reasons for
this may be that toothbrushing habits begin to form at the age of 1 year, as the children may
have only a few teeth present at that time.

Other family-related variables were not associated with the frequency of brushing of the child's
teeth at age 2 years. The gender of the child had no statistically significant association with
brushing the child's teeth, neither at the 12-month-time point, nor at the 24-month time point
[13]. However, toothbrushing frequency has been shown to have an association with gender in
adolescence and adults [32-36]. Moreover, although parents brushed their 1-year-old child's
teeth more often if the child was an only child than if the child had siblings [13], no similar
association was seen when the child was 2 years old. Wigen and Wang [9] reported
contradictory findings to our studies; children with one older sibling brushed more frequently
during preschool age than children without older siblings [9].

In Finland, the promotion of the oral health of small children is naturally integrated into the
oral health services provided to all families. Local authorities are obliged to provide at least one
oral health evaluation and care assessment for each family expecting its first baby and to
perform oral health examinations for each child under school age at 1 or 2 years, 3 or 4 years,
and at 5 or 6 years [37]. This study showed that if twice daily toothbrushing is not established
by the time a child is 2 years old, the likelihood of improving brushing behavior by the age of 2
years is small, particularly in low-educated families. Therefore, regular examinations and dental
visits provided to families are essential in promoting oral health behavior and in preventing
early childhood caries [38-40].

To improve the less than twice daily toothbrushing of young toddlers, early intervention is
needed, especially in families where parents do not brush their own teeth or their child's teeth
at the age of 1 year, as recommended. Further research should identify which health habits or
family characteristics potentially cluster with less than twice daily toothbrushing to be able to
recognize the possible accumulation of challenges in daily life.
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