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Abstract The literature reports psychosocial, environmental,
and cultural factors related to early childhood caries (ECC),
but few studies have included American Indian/Alaska Native
(AI/AN) populations. AI/AN children have the highest prev-
alence of ECC among any population group in the USA. This
study examined sociodemographic characteristics of children
and their parents/caregivers and psychosocial characteristics
of parents/caregivers as risk factors for baseline oral health
status of preschool children in the Navajo Nation, as part of a
3-year cluster randomized clinical trial to evaluate the effec-
tiveness of trained community workers providing a fluoride
varnish and oral health promotion intervention to. The study
recruited 1,015 children at 52 Head Start Centers. Baseline
ECC data were collected by calibrated dental hygienists for
981 of the children ages of 3–5 years, and a Basic Research

Factors Questionnaire (BRFQ) was completed by their
parents/caregivers. Bivariable analysis revealed that dmfs
was higher in older children; in males; in children with male
parents/caregivers; and when the parent/caregiver had less
education and income, worse oral health behavior in caring
for their children’s teeth, and higher scores for external pow-
erful others and external chance locus of control, greater
perceived susceptibility and barriers, and lower scores for
community risky behavior. In a multiple linear regression
model, the variables that remained statistically significant
were child’s age and gender and oral health behavior score
of the parent/caregiver. Intervening to improve parent/
caregiver oral health behavior in caring for the teeth of chil-
dren potentially could in AI/AN children.

Keywords ECC . American Indian/Alaska Native
children . Caries risk factors . Oral health behavior .

Psychosocial factors

Introduction

Early childhood caries (ECC, or dental caries in young chil-
dren) is defined as dental caries in the primary teeth of chil-
dren younger than 6 years of age [1]. The rates of ECC are
highest among low socioeconomic groups and indigenous and
ethnic minorities [2, 3]. ECC is associated with significant
adverse physical, functional, and behavioral consequences [4]
and also is believed to reflect caregiver practices and beliefs
related to oral health [5].

Among US population groups, ECC prevalence is most
extreme in American Indian/Alaska Native (AI/AN) children,
suggesting disparate risk and the need for effective, culturally
acceptable interventions [6–8]. The most recent Indian Health
Service (IHS) report concerning AI/AN preschool children
estimates prevalence of dental caries at 68.4 %, prevalence
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of untreated dental decay at 43.6 %, and a mean decayed,
missing, and filled teeth (dmft) measure three times greater
than for non-Natives [6]. Dental caries among preschool chil-
dren in Navajo Nation is especially severe; a recent survey
reported a mean dmft of 6.5 for 2–5-year olds [6], the highest
reported in any American Indian or other population group.
Several risk factors have been identified for the development
and progression of ECC. In a systematic review, [9] Harris
et.al found 106 risk factors related to incidence of dental caries
that included sociodemographic, dietary, and oral hygiene
variables, feeding practices, and oral bacteria. Another recent
review studied risk factors for ECC during the first year of life,
and feeding practices, maternal circumstances, and oral health
behaviors emerged as key risk factors [10]. Many researchers
have studied risk factors other than diet and behavior; they
identified maternal psychosocial factors including, stress,
health beliefs, and cultural factors associated with ECC [2,
5, 11].

Socioeconomic status (SES) of the parent has been associ-
ated with child’s oral health status [4, 12–16], and the link
persists even after controlling for other characteristics [17].
Maternal factors like mother’s education, less positive atti-
tudes, and oral health beliefs have been associated with dental
caries in the primary dentition and with dental health services
utilization [2, 4, 17, 18]. Factors related to maternal health
beliefs and oral health behaviors may vary with different SES
and education levels [18]. Parents/caregiver’s fatalistic oral
health beliefs and religiosity were significantly associated
with ECC in a study reported by Ismail et al. [5]. Mother’s
locus of control orientation (LOC) also has been associated
with the oral health of the child; children of parents who have
a higher external locus of control have greater dental caries
experience [19]. Parental stress also has been associated with
ECC [14] and may represent a larger constellation of factors
such as low SES, educational level, and number of children in
the family [2, 20]. Though not much literature is available that
describes factors associated with oral health of AI/AN chil-
dren; literature describing the risk factors associated with ECC
in Canadian and Australian Aboriginal children include low
SES of the parent, limited parent/caregiver oral health knowl-
edge, and suboptimal oral health behaviors such as frequent
consumption of sugary foods and drinks [21, 22].

There is a growing recognition of the need to understand
how social, cultural, environmental, and psychological forces
in the family affect oral health outcomes of children in the
early years of life. The purpose of this article is to examine
sociodemographic and psychosocial characteristics of parents/
caregivers as factors related to baseline oral health status of
their children in a high-risk American Indian population from
the Navajo Nation. The data were collected as part of the
baseline assessment of Head Start children and their parents/
caregivers, as part of a 3-year cluster randomized clinical trial
to evaluate the effectiveness of trained community workers

providing a fluoride varnish and oral health promotion inter-
vention to control the development of cavities.

Methods

Study Design and Sample

In 2008, the Center for Native Oral Health Research
(CNOHR) at the University of Colorado Denver Anschutz
Medical Center was funded to conduct a clinical trial in
Navajo Nation Head Start Centers to evaluate the effects of
an intervention to prevent ECC (Clinicaltrials.gov
NCT01116739). We have used the term “prevention” al-
though we are working with 3–5-year-old children in whom
the disease process generally is already established. The intent
of the intervention was prevention in the sense of limiting the
increase, or rate of increase, of ECC.

Using a cluster design, researchers randomly assigned
Head Start Centers (HSC) to intervention and usual care
control conditions. The intervention consisted of the delivery
of fluoride varnish (FV) to Head Start (HS) children, along
with oral health promotion (OHP) activities and events sepa-
rately for the children and their parents/caregivers; the inter-
vention was unique in that it was provided by tribal members
who had been trained in the basics of oral health and in the
activities involved. The interventions were delivered over a 2-
year period. The primary outcome variable is decayed, miss-
ing, and filled tooth surfaces (dmfs) measured at baseline and
then annually thereafter for 3 years. The parents/caregivers
also completed a Basic Research Factors Questionnaire
(BRFQ) at these same time points [23].

The sample size to attain sufficient statistical power
was estimated at 1,040 HS children and their parents/
caregivers in 52 HS classrooms, evenly divided between
intervention and usual care control groups. Eligible par-
ticipants included children ages 3–5 at enrollment into
the study and a parent or other adult primary caregiver
(henceforth referred to as caregiver) for each child. All
the adult participants were compensated for their time.
Children were American Indian, as defined by the tribe,
or children of other race/ethnic groups who were en-
rolled in the HS classes. Children younger than age 3,
those without an available consenting adult, and adults
unable to understand English were excluded. Children
were also excluded if they presented with an allergy to
any components of the FV or had oral health conditions
such as ulcerative gingivitis or stomatitis. This study
was approved by the Navajo Nation Human Research
Review Board, governing bodies at tribal and local
levels, the tribal departments of HS and Education; HS
parent councils, and the University of Colorado Multiple
Institutional Review Board.
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Data Collection

Decayed, Missing, and Filled Tooth Surfaces (dmfs) Measure

Study-trained and calibrated licensed dental hygienists
(examiners) blinded to the study condition conducted visual
screenings of the enrolled children’s mouths at baseline to
determine dmfs using the method described by Pitts [24].
Trained data recorders entered the dmfs findings into an
electronic dental research record called CARIN [25]. Prior to
study initiation and annually thereafter, the dental examiners
and data recorders were calibrated to a “gold standard” dentist
to ensure they were able to collect data consistently and
reliably during the study. The calibration training events
consisted of conducting multiple dental examinations of the
same children with different examiners to measure the degree
of agreement among examiners. Kappa statistics were com-
puted, and each examiner was required to meet a standard
established in the protocol.

Basic Research Factors Questionnaire BRFQ Variable
Construct

The BRFQ, a computerized 190-item questionnaire for care-
givers, assesses their dental knowledge, attitudes, behaviors,
and other psychosocial measures. The BRFQ collects data on
a number of potential risk factors, including caregiver and
household character is t ics , caregiver and child ’s
sociodemographics, caregiver oral health knowledge, oral
health attitudes and oral health behaviors in caring for their
children’s teeth, caregiver resources, barriers, health status and
dental care utilization; psychosocial scales, and child oral
health status/quality of life. Table 1 presents the psychosocial
and other measures used in the BRFQ, including subscales,
descriptions, and ranges of the values. The BRFQ was de-
signed to be administered using an audio computer-assisted
self-interviewing (ACASI) system. Participants entered re-
sponses to survey items through mouse and keyboard input.
Survey development was a collaborative effort involving three
Oral Health Disparities Centers funded by the National Insti-
tute of Dental and Craniofacial Research (NIDCR). A cross-
center workgroup comprising investigators from NIDCR-
funded Oral Health Disparities Centers at the University of
Colorado Anschutz Medical Center, Boston University and
the University of California San Francisco compiled the
survey.

Statistical Methods

In bivariable analyses of categorical predictor variables,
means and standard deviations are reported for dmfs inNavajo
Head Start students for each category. To account for the
clustering of children within HS classrooms, p values are

calculated from bivariable mixed-effect analyses where class-
rooms are treated as a random effect, indicating if there is a
statistically significant difference in mean dmfs between cat-
egories. For continuous predictor variables, Pearson correla-
tions between dmfs and the continuous predictor variable are
reported, with a p value for the test of whether the correlation
coefficient is statistically significantly different from zero.

A multiple linear regression mixed-effects analysis was
used to assess the simultaneous, independent association be-
tween each variable and dmfs. HS classrooms were treated as
a random effect. Variables were included in this full model
only if they achieved a significance level of p≤0.20 in
bivariable analyses. In our sample, there was only a small
proportion (10.7 %) of children with dmfs scores equal to
zero, and the distribution of dmfs was only slightly skewed to
the right. Consequently, we treated dmfs as a continuous,
normally distributed variable in our analyses due to our rela-
tively large sample size and protection against non-normality
from the central limit theorem. All analyses were conducted in
SAS version 9.3.

Results

A total of 1,015 children from 52 HS classrooms were recruit-
ed into the study. At baseline, the dmfs data were collected for
981 children, 488 males and 493 females. Most of the children
(97.4 %) were ages 3 or 4. The mean age of the caregivers was
31.9 years (sd=9.3), and 83.7 % were female.

Table 2 presents mean dmfs for the categorical variables.
Child’s age and gender and caregiver’s gender, education, and
incomewere significantly related to dmfs (p<.05). Mean dmfs
ranged from 18.23 for children at age 3 to 37.52 for children at
age 5 (p<0.0001). The mean dmfs score was higher in male
than in female children (23.27 vs. 19.42, p=0.0035) and
higher in children with a male vs. a female caregiver (24.37
vs. 20.75, p=0.032). The children’s mean dmfs was also
higher if their caregiver reported less education (p=0.0082)
and income (p=0.0014), although the association between
higher income and lower mean dmfs was not monotonic.
Mean dmfs level was not statistically significantly related to
caregiver’s employment status, whether they had access to a
working vehicle, health of the caregiver’s teeth and gums, or
presence of caregiver comorbidities, alcohol use, social sup-
port, or financial stability.

Table 3 presents Pearson correlation coefficients between
child’s dmfs and the continuous variables. In general, the
correlations were small in magnitude, but some were statisti-
cally significantly different from zero. Children’s dmfs tended
to increase with a lower caregiver oral health behavior score
(r=−0.129, p<0.0001), increased external others and chance
locus of control scores (r=0.070, p=0.028; and r=0.087, p=
0.007), increased scores for two Health Belief Model
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Table 1 Explanation of measures in the Basic Research Facts Questionnaire (BRFQ)

Measure Description Range (indicates the
range of the computed
scale/subscale)

Oral health locus of control
Three subscales

Internal locus of control (3)
External locus of control—
powerful others (3)
External locus of control—chance (3)

Locus of control (LOC) measure captures a person’s attitudes about who or
what has control over their child’s oral health outcomes (i.e., the parent
themselves, other people, or chance)

Each subscale represents the average score for all items within the subscale and
represents the extent to which participants believes control for their child’s
oral health outcomes lies with the parent (internal LOC), the dentist (powerful
other LOC), or is up to chance (chance LOC)

1–5
1=Strongly disagree
5=Strongly agree

Health Belief Model
Four subscales

Perceived susceptibility (3)
Perceived seriousness (3)
Perceived barriers (5)
Perceived benefits (5)

The Health Belief Model is one of the major models intended to explain health
behavior. The model predicts that behavior is a function of the subscales

Perceived susceptibility—how susceptible does a parent feel his/her child is to
poor oral health outcomes?

Perceived severity—how severe does the parent think developing caries would be?
Perceived barriers—does the parent perceive many barriers to following
recommended oral health behavior?

Perceived benefits—does the parent perceive many benefits to following
recommended oral health behavior?

1–5
1=Strongly disagree
5=Strongly agree

Self-efficacy (14) Self-efficacy represents a person’s confidence that he/she can successfully
engage in a specific health behavior. The overall self-efficacy score
represents how sure participants are that they can engage in recommended
behavior to take care of their children’s teeth

1–5
1=Not sure at all
5=Extremely sure

Importance (14) The overall importance score represents how important it is to participants that
they engage in specific oral health behaviors (the same behaviors as mentioned
above, for self-efficacy)

1–5
1=Not at all important
5=Extremely important

Sense of coherence
Three subscales, and overall score

Comprehensibility (5)
Meaningfulness (4)
Manageability (4)
Overall sense of coherence (13)

Sense of coherence (SOC) is a construct intended to assess the degree to which
participants feel the world makes sense and has meaning

1–7
Higher numbers indicate

stronger coherence

Distress (6) The overall distress score represents the amount of distress participants have
experienced in the last 30 days

1–5
1=None of the time
5=All the time

Chronic stress
Five subscales

Expectations (3)
Location hassles (5)
Community family dysfunction (2)
Community risky behaviors (5)
Community economic distress (2)

Chronic stress captured ongoing stress related to personal expectations, hassles
associated with the local community, and community dysfunction

1–4
1=Strongly disagree
4=Strongly agree

Perceived discrimination (9) The perceived discrimination measure represents the amount of discrimination
participants feel they are subject to, on account of being American Indian

1–4
1=Never
4=Often

Oral health behavior (9) The overall behavior score represents the percentage of oral health behavior
items that were answered with an “adherent” response. Adherent means the
participant is following the recommended oral health behavior

0–100 %

Oral health knowledge (14) The overall knowledge score represents the percentage of oral health
knowledge items answered correctly

0–100 %

Alcohol use (3) A shortened version of the Alcohol Use Disorders Identification Test (AUDIT).
Because the shortened version includes only the three consumption items, it is
referred to as the AUDIT-C. The alcohol score provides an indication of the
degree to which a participant drinks excessively

0–12
Large numbers represent

greater alcohol use

Social support (4) The social support score represents the average score for items within the
instrumental social support section of the oral health survey. This overall
score indicates the degree to which participants believe they have others
available to help them when needed

0–1
0=No available support
1=Support available

Financial stability (4) The financial stability score is a measure of the degree to which participants
feel they have adequate access to the basic things people need, such as
food and clothing

0–1
0=Financially unstable
1=Financially stable

In the first column, numbers in parentheses represent the number of items in the scale/subscale
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Table 2 Bivariable relationship
between dmfs and categorical
variables

Number dmfs P value

Mean Standard deviation

Child age <0.0001

3 408 18.23 19.35

4 546 22.86 19.79

5 25 37.52 22.98

Child’s gender 0.0035

Male 488 23.27 20.46

Female 493 19.42 19.34

Gender (parent) 0.032

Male 159 24.37 21.65

Female 822 20.75 19.61

Education 0.0082

Less than HS grad 153 22.98 19.00

HS grad/GED 364 23.50 21.29

Some college/vocational 340 19.85 18.96

College degree or more 112 16.83 17.67

Income 0.0014

refused, don’t know, missing 153 19.68 18.83

Less than $10k 411 23.97 21.05

$10k to <$20k 169 22.01 19.65

$20k to <$30k 90 14.98 16.93

$30k to <$40k 68 17.28 17.9

Greater than or equal to $40k 90 20.27 20.06

Employment 0.097

Employed (full time or part time) 275 19.93 19.91

Not employed 678 22.22 20.12

Do you have access to a working vehicle? 0.23

No 120 23.42 20.29

Yes 847 21.06 19.91

In general, how would you describe the
health of your own teeth and gums?

0.92

Excellent 46 23.09 24.97

Very good 135 20.70 20.45

Good 382 20.78 19.59

Fair 310 21.89 19.57

Poor 80 20.65 19.65

Number of comorbidities 0.94

0 655 21.46 20.11

1 216 21.53 20.37

2 or more 103 20.72 18.59

Alcohol use, total score equals 1 or higher 0.76

No 686 21.56 19.79

Yes 263 21.09 20.59

Social support, overall score equals 1 0.48

No 436 21.91 19.47

Yes 531 20.91 20.45

Financial stability, overall score equals 1 0.51

No 265 20.63 18.73

Yes 704 21.66 20.42
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constructs, perceived susceptibility (r=0.097, p=0.002) and
perceived barriers (r=0.093, p=0.004), and a decreased score
for community risky behavior (r=−0.064, p=0.049).When all
of the potential variables with a bivariable association with
dmfs of p≤0.20 were entered simultaneously into a multivar-
iable regression model, only three variables had significant
associations with the child’s baseline dmfs measure—child
age, child gender, and overall oral health behavior score of the
caregiver (Table 4). Dmfs was greater with increasing child
age, lower in females, and lower with higher oral health

behavior score. The total variance of dmfs explained by the
regression equation was only 6 %.

We explored whether the lack of statistical significance
for many of the 17 independent variables in Table 4 was
due to high correlations among the variables. Only two
pairs of the 17 variables (locus of control due to chance
and other, and sense of coherence—meaningfulness and
comprehensibility) had correlations ≥0.50, and when one
variable was removed from each pair and the analysis
redone, the results did not change. We also performed
multiple linear regression analyses with dmfs as the depen-
dent variable and each individual psychosocial measure as
the independent variable along with the sociodemographic
variables as covariates. In these analyses, there were only
two psychosocial variables that became statistically signif-
icant (perceived susceptibility and barriers from the Health
Belief Model). On the basis of these analyses, we conclud-
ed that high correlations among the 17 independent vari-
ables were not a strong reason for the negative results
found for many of the variables in Table 4.

Discussion

In bivariable analyses using our baseline data for 981 Amer-
ican Indian children, we found that dmfs was higher in older
children; in males; in children with male caregivers; when the
caregiver had less education and income; when caregivers had
worse self-reported scores for oral health behavior in caring
for the children’s teeth, higher scores for external powerful
others and external chance locus of control, higher scores for
perceived susceptibility and barriers, and lower scores for
community risky behavior. All of these findings tend to be
in the direction expected, with the possible exception of the
community risky behavior scale. When all variables were
simultaneously included in a multiple linear regression model,
the only variables that remained statistically significant were
child’s age, gender, and oral health behavior score of the
caregiver. This indicates that these variables tend to have
much stronger associations with baseline dmfs than do most
of the psychosocial measures.

Although the regressionmodel accounts for only 6% of the
variance in baseline dmfs, it and the bivariable analyses pro-
vide insight into factors likely associated with dental caries
specific to the AI population. These baseline results suggest
the need for further examination, which the longitudinal con-
tinuation of this study may provide.

Parental scores on locus of control (LOC) including three
subscales (internal LOC, external LOC powerful other, and
external LOC chance control) were measured, and powerful
others and chance control of health outcomes were related to
children’s dmfs scores. This suggests that these parents be-
lieved there was little they could do to influence their

Table 3 Bivariable relationship between dmfs and continuous variables

Correlation P value

Sociodemographics

Parent age −0.053 0.098

Total number of household members −0.024 0.453

Behavior

Overall score −0.129 <0.0001

Knowledge

Overall score 0.014 0.672

Psychosocial measures

Oral health locus of control (three subscales)

Internal −0.040 0.211

External powerful others 0.070 0.028

External chance 0.087 0.007

Health Belief Model (four subscales)

Perceived susceptibility 0.097 0.002

Perceived seriousness −0.018 0.570

Perceived barriers 0.093 0.004

Perceived benefits −0.017 0.591

Self-Efficacy (overall score) −0.050 0.116

Importance (overall score) 0.017 0.605

Sense of coherence (three subscales, and an overall score)

Comprehensibility −0.045 0.161

Manageability −0.021 0.515

Meaningfulness −0.046 0.153

Overall score −0.043 0.182

Distress (overall score) −0.007 0.829

Stress (five subscales)

Expectations 0.035 0.273

Location hassles 0.012 0.714

Community family dysfunction −0.040 0.216

Community risky behavior −0.064 0.049

Community economic distress −0.015 0.646

Perceived discrimination (overall score) −0.049 0.126

Health literacy

Overall score −0.013 0.686

Measured by Pearson correlation coefficients
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children’s oral health and it was luck or chance that would
decide the fate of their child’s oral health. Parental external
LOC has been associated with higher untreated dental caries
and loss to follow up in preschool children [19, 26].

Although not significant in the multiple linear regression
analysis, caregiver perceptions on two subscales of the Health
Belief Model, perceived susceptibility and perceived barriers,
were associated with child’s dmfs and seemed to fit this
pattern of fatalistic beliefs. Children of caregivers who per-
ceived barriers to regular dental checkups and brushing their
child’s teeth at night and thought fluoride varnish applications
were inconvenient had higher dmfs scores. Similarly, care-
givers with perceived susceptibility thought that it is normal

for children to develop dental caries and that oral health was
not as important as general health.

It is noted that four of these caregiver belief variables
(caregivers’ external powerful other and external chance
LOC, community risky behavior, and the perceived barrier
subscale of the Health Belief Model) were significantly asso-
ciated with reported caregiver income and education
(p<.0001). Higher caregiver education and income were in-
versely related to these variables (except community risky
behavior, which had a positive relationship), suggesting a
strong effect of socioeconomic status on the attitudes and
health beliefs of caregivers that are negatively associated with
the oral health of their children. This is consistent with

Table 4 Model of the association
between participant characteris-
tics and dmfs

Full model mixed-effects multi-
variable linear regression analysis
with dmfs as the dependent vari-
able and the independent vari-
ables (N=921, adjusted
R-squared=0.06)

Descriptive characteristic Model estimate SE P value

Sociodemographics

Child age <0.0001

Age 3 vs. 5 −19.33 4.38

Age 4 vs. 5 −15.21 4.35

Child gender (female vs. male) −3.42 1.29 0.01

Parent age −0.06 0.07 0.42

Parent gender (female vs. male) −2.48 1.82 0.17

Education 0.21

College degree or more vs. less than HS grad −1.74 2.65

Some college/vocational vs. less than HS grad −1.13 2.04

HS grad/GED vs. less than HS grad 1.90 1.94

Income 0.16

Refused, don’t know, missing vs. less than $10k −3.45 2.04

Greater than or equal to $40k vs. less than $10k −1.72 2.42

$30k to<$40k vs. less than $10k −3.41 2.69

$20k to<$30k vs. less than $10k −5.75 2.40

$10k to<$20k vs. less than $10k −0.89 1.88

Employment (full or part time vs. not employed) −2.20 1.47 0.13

Behavior

Overall score −0.08 0.03 0.02

Psychosocial measures

Oral health locus of control (two subscales)

External others −0.30 0.75 0.69

External chance 0.90 0.74 0.22

Health Belief Model (two subscales)

Perceived susceptibility 1.22 0.79 0.12

Perceived barriers 0.18 1.11 0.87

Self-efficacy (overall score) −0.36 1.35 0.79

Sense of coherence (two subscales)

Comprehensibility −0.54 0.69 0.43

Meaningfulness 0.17 0.71 0.81

Stress (one subscale)

Community risky behavior −0.23 0.68 0.74

Perceived discrimination (overall score) −2.12 1.25 0.09
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previous studies that have emphasized that maternal education
influences beliefs and attitudes toward oral health of their
children [2].

Male children had higher dmfs scores than female children
in the study; this observed gender difference was also found in
some other studies examining prevalence of dental caries in
preschool children in First Nation communities in Canada
[27], a cross-sectional study in Brazil [28] and another study
studying different ethnic groups in Amsterdam [29]. None of
the studies suggested any reason for the gender differences;
however, it has been postulated that female adolescents con-
sider oral appearance more important thanmales, and perhaps,
this may be amotivating factor in younger children as well [30].
Also, adolescent girls scored favorably on oral health behaviors
such as oral hygiene habits and showed more interest in oral
health than boys [31], and it can be assumed that these behav-
iors start to develop early on. The longitudinal continuation of
this study may provide more concrete answers to the gender
differences in dental caries experiences in young children.

Child’s age had the strongest association with baseline
dental caries in children in this study; the mean dmfs was
18.23 at age 3, 22.86 at age 4, and 37.52 at age 5. This has
been reported in studies of other populations as well [4,
32–34], but our data suggest that age may have a stronger
relationship with ECC (p<0.0001) in American Indian popu-
lations. Two explanations can be given for child’s age to be
strongly associated with dental caries. First, with increase in
age, there are more teeth and tooth surfaces that are vulnerable
to caries, and second, older children have had more time for
the teeth to be exposed to cariogenic influences; both circum-
stances increase the quantitative risk of dental caries develop-
ment. Early eruption patterns have been reported in American
Indian children compared to other populations, and this might
also lead to greater exposure associated with increased risk of
ECC [35].

Caregiver oral health behavior toward their children had
the third strongest association with dental caries in our data.
Caregiver’s oral health behavior was operationalized as the
percentage of recommended behaviors that the caregiver en-
gaged in on behalf of their children. Oral health behavior
questions in this study were related to oral hygiene mainte-
nance for the child, including frequency of tooth brushing, use
of fluoridated tooth paste, supervision while tooth brushing,
and frequency of consuming sugary foods and drinks. Our
finding of an inverse relationship between caregivers’ oral
health behaviors with their children and baseline dmfs in
children replicates similar findings in other studies. Several
investigators [16, 32, 36] have identified daily frequency of
brushing and parental assistance in brushing as protective
factors against dental caries development. Consumption of sugar
and its amount, frequency, and timing also have been identified
as critical factors in dental caries development [9]. Thus, a
balance between the harmful effects of sugar consumption

and oral hygiene maintenance is an important theme in pre-
vention of dental caries in children. These findings suggest
that oral health promotion activities with new parents/
caregivers could establish good oral health behaviors early
in life and prevent dental caries from an early age in children.

Although not significant in the multiple linear regression
analysis, caregiver income and education were significantly
associated with dental caries in the bivariable analyses. The
restricted range of incomes in our data may be relevant here;
41.8 % of the study population had an annual income of
$10,000 or less. Nonetheless, even in this low-income popu-
lation, relatively higher annual incomes appeared to be pro-
tective against ECC; when parents had annual incomes of less
than $10,000, their children had a mean dmfs of 23.97, com-
pared with 14.98 for children whose parents had annual in-
comes of $20,000 to<$30,000 (p=0.0014). These findings for
the effects of relative income levels within a low-income
population have been reported in other studies [4, 37].

In attempting to identify risk factors for ECC in anAmerican
Indian population with extremely high dental caries experience,
we found that age and gender, along with caregiver’s general
levels of caries preventive behaviors on behalf of their children,
were significantly associated with dental caries. Our observa-
tion of the relationships of certain other variables to ECC
scores, albeit not predictive, may help us to understand these
patterns of disease experience. Higher levels of education and
income may provide experiences that are helpful to caregivers
in learning what can be done to prevent caries in their children
and also in developing attitudes and beliefs that are supportive
of engaging in these behaviors. Understanding this complex of
“upstream” or socio-environmental variables in the develop-
ment of oral health disparities can be essential to developing
interventions and approaches to prevention that eventually will
lead to greater health equity among populations.
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