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Abstract

The objective of this study was to investigate the influence of caregiver education level on
children's dental caries mediated by both caregiver and child oral health behaviors. Participants
were 423 low-income African American kindergarteners and their caregivers who were part of a
school-based randomized clinical trial. Path analysis tested the hypothesis that caregiver education
level affected untreated dental caries and cumulative overall caries experience (decayed or filled
teeth) through the mediating influence of frequency of dental visits, use of routine care, and
frequency of toothbrushing for both caregiver and child. The results supported the hypothesis:
Caregivers who completed high school were 1.76 times more likely to visit dentists themselves
compared with those who did not complete high school (e%-°6=1.76, 95%ClI: 1.03-2.99), which in
turn was associated with 5.78 times greater odds of dental visits among their children (e1-76=5.78,
95%Cl: 3.53-9.48). Children's dental visits, subsequently, were associated with 26% fewer
untreated decayed teeth compared with children without dental visits (e9-31=0.74, 95%ClI:
0.60-0.91). However, this path was not present in the model with overall caries experience.
Additionally, caregiver education level was directly associated with 34% less untreated decayed
teeth (e0-42=0.66, 95% CI: 0.54-0.79) and 28% less decayed or filled teeth (e0-32=0.72, 95%Cl:
0.60-0.88) among the children. This study overcomes important conceptual and analytic
limitations in the existing literature. The findings confirm the role of caregiver education in child
dental caries and indicate that caregiver's behavioral factors are important mediators of child oral
health.
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Introduction

Among socioeconomic factors, parental education level is clearly important in development
of dental caries in children, but the pathway is not well understood [Hooley et al., 2012]. In
medicine, patient's education level is the best predictor of health conditions and health care
behavior in adults compared with other socioeconomic indicators such as income and
employment [Laaksonen et al., 2005; Liu et al., 2011; Winkleby et al., 1990] Similarly, in
dentistry, caregiver education levels have been shown to be associated with children's dental
visits, tooth brushing frequency, and dental caries prevalence [Camargo et al., 2012;
Edelstein, 2002; Rajab et al., 2002].

Path analysis and structural equation modeling (SEM) have been suggested as techniques for
more fully probing the influence of caregiver education level on oral health in children,
including mediators such as oral health behavior [Albert and Nelson, 2011; Newton and
Bower, 2005]. However, there are conceptual limitations in previous SEM studies. First,
although dental problems in primary teeth lead to future dental caries in permanent teeth [al-
Shalan et al., 1997; Dulgergil and Colak, 2012], most path model studies have used
children's carious permanent teeth instead of carious primary teeth. Second, most path model
studies tested children's behavior as a mediator for their oral health outcomes, but they did
not consider caregiver's behavior, even though parental behavior impacts child oral health
behavior [Hooley et al., 2012]. Previous research findings suggest that the parent's own oral
health behavior, such as dental visits and tooth brushing, has a positive influence on their
children's oral health behavior [Camargo et al., 2012; Grembowski et al., 2008; Rajab et al.,
2002].

The objective of this study was to investigate a hypothesized path model with caregiver
education level as exposure, caregiver and children oral health behavior as mediators, and
child dental caries as outcome.

Materials and Methods

Study Design

This secondary analysis utilized a cross-sectional design using data collected in a
longitudinal study.

Study Sample

The data was collected as part of a randomized clinical trial conducted at all five elementary
schools in an urban school district in the United States. The purpose of the school-based
cluster randomized trial was to investigate the effectiveness of xylitol versus placebo
gummy bears to prevent dental caries in the primary and permanent teeth of kindergarten
children [Lee et al., 2014] Approximately 96% of the eligible children received the federal
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free/reduced cost school lunch program, which is available if the household's gross income
is not greater than 130% of the Federal Poverty Guidelines. The children are predominantly
African American (94%). A total of 562 kindergarteners (aged 5-6 years) were recruited for
the original study in September of 2007, 2008, and 2009. Four hundred and forty-one child-
caregiver dyads participated in the dental examinations (child) and the questionnaire
(caregiver). The sample is representative of all the eligible children and caregivers regarding
race (African-American), of those living in an urban school district. Since the study enrolled
only 18 children of other ethnicity or race, the present secondary analysis was restricted to
the 423 African-Americans in the sample. The Institutional Review Board of University
Hospitals Case Medical Center approved the study and all caregivers provided written
informed consent.

Theoretical Model

Measures

The study is based on modeling theory that posits people learn their behavior from one
another through observation [Bandura, 1969]. We investigated the influence of caregiver
education level on children's decayed primary teeth using a hypothesized causal model with
four stages: (1) caregiver education level as antecedent (2) caregiver's oral health behaviors
as a mediator and (3) children's oral health behaviors as a mediator and (4) the children's
dental caries (Figure 1).

A caregiver questionnaire, which was written in English at the 6! grade reading level, was
completed by the primary caregiver. The questions were adapted from the National Health
and Nutrition Examination Survey 111 (NHANES I11) and the Detroit Dental Health Project
[Ismail et al., 2008]. When the primary caregivers were enrolled in the original study, they
received the questionnaire from a research assistant at their child's school and the
questionnaires were completed at home. The primary caregivers were primarily biological
mothers. The questionnaire is available from co-author, Nelson.

Caregiver Education Level—The highest level of education completed was asked in an
open-ended question, “What is the highest level of education that you completed?”. For this
study, we dichotomized these answers to whether the caregiver completed high school (yes/
no).

Caregiver's and Child's Oral Health Behavior—Six questions captured caregiver and
child oral health behaviors: whether the caregiver or child visited the dentist at least once a
year (versus less than once per year), whether the caregiver or child used routine dental care
(versus problem or symptom driven use), and whether the caregiver or child brushed her/his
teeth at least twice a day (yes/no).

Dental examination

Dental examinations were conducted in September of each year at school by four to five
annually calibrated dentists using a portable dental chair with dental lights and compressed
air. Dental caries was assessed in accordance with the International Caries Detection and
Assessment System (ICDAS) [Pitts, 2004]. The inter- and intra-rater reliability for the
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examiners was good to excellent with a Kappa > 0.70 [Nelson et al., 2011]. The number of
decayed primary teeth (dt) representing untreated dental caries, and the number of decayed
or filled primary teeth (dft) representing cumulative dental caries experience was measured.
A decayed tooth was defined as a tooth with ICDAS severity score of 1 (First visual change
in enamel) to 6 (extensive cavity) for both measures. Total number of primary teeth present
was counted to be included as a covariate.

Statistical Analysis

Results

Bivariate analyses were conducted to describe the sample characteristics (demographics,
oral health behaviors, dental caries) between caregivers who completed high school
education and those who did not.

To test the hypothesized causal model in four stages (Figure 1), path analysis was conducted
with the following assumptions: Bernoulli/logistic regression models for binary outcomes
(both caregiver's and child's dental visit once a year, routine dental care visits, and brushing
teeth behavior) and a negative binomial distribution/log linear models for untreated decayed
teeth (dt) and cumulative dental caries experience (dft). Model coefficients were estimated
by maximum likelihood with Monte Carlo simulation for numerical integration, and the
corresponding estimated odds ratio (for the logistic regression model) and incidence rate
ratio (for the negative binomial model) were obtained as the log of the estimated coefficient.
The goodness-of-fit of the path model was assessed by Akaike Information Criteria (AIC)
and Bayesian Information Criteria (BIC). There was less than 6.8% missing data for any
variable. To use all available data and maintain the maximum sample size, the multiple
imputation of missing data was performed using Bayesian analysis [Sterne et al., 2009]. All
analyses of this study were done by using Mplus Version 6 (Muthén & Muthén, Los
Angeles, Calif., USA).

Sample Characteristics

The sample consisted of 423 children (the mean + SD of age was 5.2+0.4 at enrollment in
September of each year) with 51% female and 49% male. The mean age of caregivers was
32.7 £ 10.7 years and 86% of the caregivers were biological mothers, 6% were biological
fathers, and 8% were other relatives such as adopted or foster parents, or grandparents.
Among the caregivers, 327 (77%) reported that they completed high school, 68 (16%)
reported that they did not complete high school, and 28 (7%) did not report.

Bivariate Analysis

Table 1 gives the results of bivariate analyses of caregiver and child characteristics and
health behaviors for caregivers who did or did not complete high school. Caregivers who
completed high school were more likely to visit a dentist compared with those who did not
complete high school. A higher mean number of untreated decayed primary teeth (dt), and
cumulative oral health status (number of decayed or filled primary teeth, dft) were found in
children whose caregivers had not completed high school. There was no difference between
the two groups for other caregiver or any child oral health behaviors.
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Path Analysis

The results of path analyses support the hypothesis that caregiver education level affects
child dental caries, mediated by oral health behaviors of caregivers and their children
(Figure 1). The model with the number of untreated decayed teeth (dt) as a final outcome
provided slightly better model fit (lower scores on AIC and BIC) compared with the model
with the number of decayed or filled teeth (dft) as a a final outcome.

Effects of caregiver education level on oral health behavior—Caregivers who
completed high school were 1.76 times more likely to visit dentists yearly (OR: €%-56=1.76,
95%Cl: 1.03 - 2.99) compared with those who did not complete high school. Caregivers'
dental visits were, in turn, associated with 5.78 times greater odds (OR: e1-76=5.78, 95%ClI:
3.53 - 9.48) of dental visits for their children. In addition, caregivers who used routine dental
care for themselves (versus problem or symptom driven use) were more likely to bring their
children for routine dental care (OR: e1-68=5.37, 95%ClI: 2.47 - 11.67). Similarly, the
caregivers who brushed their teeth at least twice a day had 12.2 times greater odds of having
children who brushed their teeth at least twice a day. (OR: e2-°0=12.2, 95%Cl: 6.97 — 21.15).

Effects of oral health behavior on dental caries—In the df model, children with
dental visit once a year (versus less than yearly) had an estimated 26% lower mean number
of untreated decayed primary teeth compared with those without dental visits (IRR:
e70-31=0,74, 95%Cl: 0.60 — 0.91) and children using routine dental care (versus problem or
symptom driven use) had an estimated 24% lower mean number of untreated decayed
primary teeth compared with those not using routine dental care (IRR: e9-28=0.76, 95%ClI:
0.59 - 0.98) controlling for other behavior and caregiver education level. In the dft model,
however, routine use of dental care (versus problem or symptom driven use) was
significantly associated with dft, that is children who use routine dental care had an
estimated 22% lower mean number of decayed or filled teeth compared with those not using
routine care (IRR: 0-25=0.78, 95%ClI: 0.62 — 0.98). Dental visit once a year was not
associated with a difference in the cumulative overall caries experience. Brushing behavior
did not show significant associations with dental caries in both dt and dft models.

Direct effects of caregiver education level on children's dental caries—Children
with caregivers who completed high school had an estimated 34% lower mean number of dt
(IRR: €042=0.66, 95%ClI: 0.54 — 0.79) and 28% lower mean number of dft (IRR:
e0-32=0,72, 95%ClI: 0.60 — 0.88) compared with children whose caregivers did not complete
high school after controlling for all oral health behaviors in the model.

Discussion

This study highlights two significant pathways through which caregiver education is related
to children's dental caries. In the first pathway, lower caregiver education (failure to
complete high school) is related to increased untreated caries (dt) through the mediating
influence of caregiver and child dental visit once a year in the untreated caries (dt) model. In
the second pathway, caregiver and child routine dental care visit behavior mediates the
relationship between caregiver education and dental caries outcome (both dt and dft). In the

Caries Res. Author manuscript; available in PMC 2016 February 03.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Heima et al.

Page 6

caries experience (dft) model, the only significant path was routine (versus symptomatic)
care mediating the effect of caregiver education on the outcome measure.

While we cannot directly compare our results to prior studies because they did not utilize
path modeling approaches, our findings generally support the results of previous research
regarding parental dental visit behavior influencing children's dental visit behavior
[Camargo et al., 2012; Grembowski et al., 2008]. Our findings highlight the importance of
caregiver education level enhancing caregiver's dental visit behavior and ultimately caries
treatment.

Our subjects were from low-income African American families that have poor dental access.
Although treatment related dental visit behavior does not help to reduce the number of
children's dental caries, severe dental infection can be prevented, especially for low-income
populations with poor dental access.

The effect of caregiver education level on oral health behavior for self and child

Prior studies report that adult patient's education level indicated the strongest relation with
health care behaviors of illness than other socioeconomic factors such as occupation and
income level: adults who are well educated perform more desirable health care behaviors
such as routine checkup than those who are poorly educated [Liu et al., 2011; Winkleby et
al., 1990]. Furthermore, a dental study indicated that adults with higher education were more
likely to perform preventive oral health behaviors such as toothbrushing [Syrjala et al.,
2002]. Our findings indicate significant influence of educational level on caregiver dental
visits and routine dental care visit behavior, but not tooth brushing behavior. Our failure to
find a relationship between education and tooth brushing behavior may have been
influenced by an expectation of social norms, leading to social desirability bias.
Interestingly, there was also no direct effect of caregiver education level on child's oral
health behavior, but the association was indirect and mediated by caregiver oral health
behavior. Our results is in conflict with other studies that have reported such a direct
association [Camargo et al., 2012; Edelstein, 2002; Rajab et al., 2002; Sohn et al., 2007]
Enhancing caregiver's oral health behaviors may help improve children's oral health
behavior, which in turn can reduce children's dental caries.

The direct effect of caregiver education level on the children's caries

We found a direct influence of caregiver education level on children's dental caries. This
result indicates that other unobserved mediators not included in our model could influence
the pathway between caregiver education level and children's decayed teeth. From a
biological stand point, caregiver education level should not have a direct effect on children's
dental caries. For example, biological mothers' education levels influence their own health
behavior such as malnutrition or alcohol usage during pregnancy [Kalanda et al., 2006;
Sant'Anna and Tosello, 2006], which can increase the likelihood of developmental enamel
defects in their children, and subsequently dental caries [Targino et al., 2011]. On the other
hand, microbiological variables such as early cariogenic bacteria colonization [Wan et al.,
2003], and protective variables such as fluoride use [Feldens et al., 2010], lie in the pathway
between caregiver education and children's caries. Similarly, other behavioral variables such
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as diet and drink consumption can also be potential mediators [De Coen et al., 2012;
Vereecken et al., 2004]. Future research should include all behavioral, biologic, and
preventive factors as mediators to identify the causal pathways between caregiver education
and children's dental caries. Such a comprehensive model would be able to inform effective
prevention strategies for young children's dental caries.

Limitations of this Study

There are limitations to our study. First, because we used a secondary dataset, the variables
available were not sufficient to investigate all possible pathways. For example, we were not
able to examine the biological pathway including variables such as the level of cariogenic
organisms in the plaque or developmental defects. These variables may also influence caries
status. Second, we recruited children and caregivers from one urban school district, and they
may not represent other low-income African American families, which limit
generalizability. Nevertheless, this study has a large sample size which provides critical data
on the effect of caregiver education levels on children's dental caries which can help find
efficient oral health promotion and prevention strategies. Additionally, it helped build
relationships with this community and highlighted the importance of caries and dental care
access. Third, caregiver education level and oral health behavior variables were collected by
a self-reported-questionnaire. Thus, the responses might be influenced by recall and social
desirability bias.

In conclusion, we found that in low-income African Americans, caregiver education level
indirectly influenced their children's dental caries through the mediating influences of
caregiver's and children's oral health behavior. Our results also indicate that improving
caregiver oral health behavior might ameliorate the effects of low caregiver education and
improve the children's behaviors and subsequent caries experience.
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Figure 1.

Path models, dt model and dft model, show pathways of the influence of caregiver education
level on children's oral health mediated by caregiver's and children's oral health behavior
(N=423). It is configured in four stages: (1) caregiver education level as exposure, (2)
caregiver's oral health self-care behaviors as mediator, (3) children's oral health behaviors as
mediator, and (4) children's oral health outcome, the total number of decayed primary teeth
in the dt model and the total of number of decayed or filled primary teeth in the dft model.
Thick continuous line arrows denote the presence of a statistically significant (p<0.05)
relationship. Thin continuous line arrows denote the presence of a trend in significance at
p<0.10. Arrows with dotted lines denote the non-significant relationships. Estimated f3-
coefficients with the standard errors for the estimates (in parentheses) are displayed.
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Table 1

children's dental outcomes between caregivers with and without high school completion.
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Caregiver Educational Level

Variables
Complete high Incomplete high p-value
school (n=327) school (n=68)
Caregiver's Age 33.1+10.3 31.1+12.6 0.17
Demographics Child's Gender:
Female 171 (52.3%) 34 (50%) 0.73
Male 156 (47.7%) 34 (50%)
Dental visit once a year:
Yes 225 (69.7%) 39 (57.4%) 0.05*
No 98 (30.3%) 29 (42.6%)
Routine dental care:
Caregiver's oral health behaviors Yes 240 (76.2%) 43 (67.2%) 0.13
No 75 (23.8%) 21 (32.8%)
Tooth brushing twice a day:
Yes 258 (79.9%) 51 (75.0%) 0.36
No 65 (20.1%) 17 (25.0%)
Dental visit once a year:
Yes 241 (76.3%) 46 (69.7%) 0.26
No 75 (23.7%) 20 (30.3%)
Routine dental care:
Children's oral health behaviors Yes 287 (92.9%) 54 (87.1%) 0.13
No 22 (7.1%) 8 (12.9%)
Tooth brushing twice a day:
Yes 250 (77.4%) 52 (77.6%) 0.97
No 73 (22.6%) 15 (22.4%)
Total number of primary teeth 18.47 £ 2.01 18.58 +1.97 0.68
Children's dental outcomes Total number of decayed primary teeth (dt) 2.77+3.24 4.81+3.78 <.001*
Total number of decayed or filled primary 3.57 £3.68 5.35+4.16 <.001"

teeth (dft)

*
p<0.05
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