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Abstract — Objective: To use nationally representative data, group variables into
categories of material and behavioral factors, and assess their relative
contribution to racial/ethnic variation in untreated

caries. Methods: Participants were from the Third National Health and
Nutrition Examination Survey (NHANES III), aged 20-50 years. Material
factors were income, education, employment status, dental insurance status,
and urban residence. Behavioral factors were marital status, tobacco use,
alcohol use, obesity, and social support. All models were additionally adjusted
for age, gender, and quartile of missing teeth. The outcome was three or more
carious teeth. Results: Non-Hispanic blacks and Mexican-Americans displayed
excess risk of untreated caries compared with non-Hispanic whites when
adjusted for age, sex, and missing teeth (adjusted odds ratios 1.73 and 1.69,
respectively). The addition of behavioral factors to this model resulted in
virtually no changes in the adjusted odds ratios for race/ethnicity and
untreated caries. When material factors were added to the basic model the
excess risk for untreated caries among non-Hispanic blacks was reduced by
approximately 21% and that of Mexican-Americans was no longer statistically
significant compared with non-Hispanic whites (adjusted odds ratios 1.36 and
0.83, respectively). Conclusions: Much of the excess risk for untreated dental
caries among non-Hispanic blacks and Mexican-Americans compared with
non-Hispanic whites was eliminated when material factors were controlled,
while no risk reductions were observed when behavioral factors were
controlled. Addressing material factors may provide greater reductions in
untreated caries disparities than behavioral interventions, and these risk
reductions may vary with racial/ethnic group.
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There is substantial evidence of disparities in
untreated dental caries between racial/ethnic
groups in the USA (1-3). Such findings were given
emphasis in the recent U.S. Surgeon General’s
report on oral health (4) and subsequent ‘call to
action’. The construct of race/ethnicity has found
wide use in examining differences in health status
and medical outcomes in the USA, with oral health
and specifically untreated dental caries being no
exception. Although it has limitations (5-7), the
race/ethnicity construct has proved critical for
identifying the unequal distribution of disease

burden. However, in order to move beyond simply
identifying disease burden and toward the devel-
opment of interventions, pathways through which
race/ethnicity may mediate its effects need to be
explored.

Several conceptual approaches to explore health
disparities have been applied in past reports.
Income, education, and access to care have all been
reported to be associated with untreated caries and
race/ethnicity, and may help explain at least some
of the disparities in disease burden (2, 8, 9).
These and other potential explanatory factors for
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disparities in untreated caries may arise from each
other. For example, education may predict income
which in turn may predict access to care and
influence untreated caries prevalence. They are not,
therefore, mutually exclusive but rather have both
direct and indirect effects on untreated caries.

Attempts to capture the effect of social depriva-
tion on health outcomes, including dental caries,
have resulted in the development of several indi-
ces. For example, the Jarman score, a composite of
eight socioeconomic variables, was used to reveal
that community water fluoridation had its greatest
benefits among the most socially deprived (10).
Such approaches are not without limitations and
caveats. More recently, it was demonstrated that
different indices, including the Jarman score, may
have differing levels of explanatory power among
different sample populations, further pointing out
the complexity of issues involved in addressing
social deprivation (11).

Another conceptual approach to examining these
complex inter-relationships involves classifying
variables as behavioral factors (observable actions)
and material factors (material life circumstances or
assets). For example in studies of heart disease, a
health condition which also displays racial/ethnic
disparities, behavioral factors like smoking and
alcohol consumption may be partly the result of
and response to, material factors such as income,
housing, and unemployment (12, 13). Further
distinguishing these conceptual groups, behavioral
factors tend to be addressed at the individual level,
have an extensive literature, and follow a medical
intervention model. Material factors tend to be
addressed on a community or societal level, be
structural in nature, relatively resistant to change,
and often call for political interventions. A detailed
description of a similar conceptual approach can be
found in Schrijvers et al. (14), where behavioral and
material factors were used to explore variation in
all-cause mortality.

Dental caries treatment implies that an individ-
ual recognize a need for care and have access to,
and the financial capacity for, dental treatment.
Because material and behavioral factors likely
influence and shape each step of this process, this
particular conceptual approach may benefit the
exploration of disparities in untreated dental caries,
helping to identify general areas where the greatest
impact on untreated caries may lie.

The purpose of our study was to use nationally-
representative data, apply a simple conceptual
model used in other disparity research which
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classifies available variables into material and
behavioral factors, and then assess the relative
contribution of each group to racial/ethnic vari-
ation in untreated caries.

Methods

Population

The study population was drawn from participants
in NHANES III. The background and oral health
portion of NHANES have previously been des-
cribed (15). NHANES III was a nationally repre-
sentative survey that was conducted by the
National Center for Health Statistics between 1988
and 1994. The survey targeted the US civilian, non-
institutionalized population aged 2 months and
older and used a stratified-multistage-probability
sampling design (16). NHANES III was approved
by the Institutional Review Board of the National
Center for Health Statistics.

For the current study, participants were included
if they were aged 20-50 years at the time of their
interview. This age group was selected, in part,
because of the high numbers of teeth at risk of
caries relative to older age groups and relative
autonomy compared with younger age groups to
manifest the behavioral variables of interest. The
race/ethnicity category ‘other’” was excluded from
all analyses because many cell sizes were too small
for reliable estimates of effect. Persons with miss-
ing data were more likely than persons with no
missing data to be Mexican-American, 45.8% ver-
sus 31.2%, and have three or more carious teeth,
20.7% versus 14.6%, respectively. This may have
resulted in a more conservative estimated associ-
ation between Mexican-Americans and untreated
caries than if complete data were available.

Examination

NHANES III participants completed a household
interview and a health examination that included
an oral health component. Demographic data,
medical and smoking histories, and blood pressure
values were obtained at the household interview.
The oral health examinations were conducted by
trained and calibrated dental examiners. Replicate
examinations were conducted throughout the per-
iod of data collection to assess intra-examiner
reliability. Inter-examiner reliability was measured
by comparing examination results with those of a
reference examiner. The coronal caries examination
was conducted with a mirror and explorer by



calibrated examiners. Two examiners conducted
approximately 85% of the examinations. Intra-
examiner reliability of decayed surfaces, filled
surfaces, and decayed or filled surfaces for these
examiners ranged between 0.98 and 1.00 (3).

Variable selection

Variables were first classified as material or
behavioral factors as required for our a priori
conceptual model. This process was guided by
the available literature. To achieve some assurance
that the factors selected to capture our latent
material and behavioral variables had validity, a
correlation matrix was developed. Each variable
was then assessed for whether they met the ideal of
having moderate correlations with other variables
in their group and low correlation with variables of
the other group. Variables with very low within-
group correlations were to be eliminated assuming
they had low convergent validity while variables
with very high within-group correlations were to
be eliminated because they would add little to the
model beyond collinearity. However, no initially
selected variables were later eliminated due to a
high correlation. The range of pair-wise correla-
tions of the final variable groupings had an
absolute value of at least 0.1 but no higher than
an absolute value of 0.4.

Subsequent to initial grouping and assessment
of their correlations within and between groups,
as described above, five variables were selected as
material factors and five as behavioral factors. The
material factors were income based upon percent-
age of the federal poverty level, education based
upon completing high school, employment status,
dental insurance status, and living in an urban
area. Behavioral factors included whether or not a
person was currently living with a spouse or
living as married to another adult, tobacco use,
alcohol use, obesity as measured by the body mass
index (BMI), and social support as captured by
average number of visits with relatives or friends
in a week. Some of the variables eliminated by the
selection process, all for correlations below an
absolute value of 0.1, were the ability to perform
activities of daily living, persons per household,
medical insurance status, Medicare status, and a
recent physician visit. A recent dental visit vari-
able was associated with the outcome but not used
because it was not possible in this conceptual
model to interpret whether a visit represented
access issues (material factor), or health-seeking
(behavioral factor).

Race/ethnicity and untreated dental caries

A basic model was constructed to assess the
association of race/ethnicity with untreated caries
adjusted for age, gender, and quartile of missing
teeth. “Three or more untreated carious teeth’” was
selected as the outcome variable in order to
provide an unambiguous indicator for persons
clearly not receiving appropriate and timely dental
care.

Analyses

The complex sampling design of NHANES III and
the non-response and post-stratification adjust-
ments resulted in unequal probabilities of selection
for each participant. Final sample weights were
used to produce unbiased population estimates
based on the 1990 census estimate of the US
population. Adjusted odds ratios were considered
statistically significant when P-values derived from
a Wald statistic were <0.05. Survey logistic regres-
sion models were used to produce weighted
population estimates. The McFadden’s R* is a
statistic used with survey logistic regression and
reported here to express the amount of variability
explained by a given statistical model. Hosmer-
Lemeshow goodness-of-fit was calculated using the
un-weighted sample collapsed on quintiles of
probability and 10 groups with P-values derived
from a chi-square distribution with 8 degrees of
freedom. The software package STATA (Version
7.0 College Station, TX, USA) was used for all
calculations and analyses.

Results

Bivariate analyses indicate that non-Hispanic
blacks, males, and persons in the highest quartile
of missing teeth were more likely than their
counterparts to have untreated caries (Table 1).
Among the behavioral factors, persons who
smoked cigarettes, consumed high levels of alco-
hol, or had a high BMI were more likely to present
with untreated caries. Persons who visited with
friends or relatives once or more per week or were
married and living with their spouse or living as
married were slightly less likely to present with
untreated caries. Among the material factors, per-
sons with a high school education, living in an
urban area, with dental insurance, with employ-
ment, and having an income at least twice the
federal poverty level were less likely to have
untreated caries than their respective comparison
groups.
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Three or more
carious teeth

Less than three

carious teeth teristics

Mean age (years)

Race/ethnicity
Non-Hispanic black
Mexican-American
Non-Hispanic white

Sex
Female

Quartile of missing teeth
Highest 5-28
2-4
1
Lowest 0

Smoked 100 or more cigarettes

Five or more alcohol drinks/day
Body mass index 230 (obese)
Sees friends/relatives more

than once per week
Currently living as married
Lives in urban area
High school education
Employed

Dental insurance

Above 200% of federal poverty level

n = 1408
33.2
n = 1408
46.6
34.0
194
n = 1408
49.8
n = 1408
35.2
32.2
134
19.2
n = 1408
56.2
n = 1304
16.6
n = 1406
27.0
n = 1408
72.7
n = 1407
57.8
n = 1408
49.3
n = 1399
52.6
n = 1240
70.7
n = 1362
28.4
n=1272
26.9

n = 7400
33.5
n = 7400
31.7
34.6
33.7
n = 7400
54.8
n = 7400
16.6
25.4
14.3
43.7
n = 7400
45.9
n = 7031
11.7
n = 7393
24.6
n =739
73.6
n = 7389
62.4
n = 7400
54.5
n = 7356
715
n = 6790
80.8
n = 7216
46.4
n = 6820
51.6

Numbers expressed as column percentages except mean age.

Using multivariate analyses in a basic model
(Table 2, model 1), non-Hispanic blacks and Mex-
ican-Americans displayed excess risk of untreated
caries compared with non-Hispanic whites after
adjusting for age, sex, and quartile of missing teeth.

Table 1. Untreated dental caries sta-
tus by selected demographic charac-

The addition of the five behavioral factors obesity,
tobacco use, alcohol use, marital status, and social
support to the basic model resulted in virtually no
changes in the adjusted odds ratios for race/
ethnicity and untreated caries (Table 2, model 2).

Table 2. Adjusted survey odds ratios (OR) with 95% confidence intervals (95% CI) for the association between untreated

dental caries and race/ethnicity

Model 1 (n = 8808) Model 2 (n = 7190)

Model 3 (n = 8316)

Model 4 (n = 6812)

Race/ethnicity

Non-Hispanic black 1.73 (1.43-2.10)*

[OR (95% CI)]
Mexican-American

[OR (95% CI)]
Non-Hispanic 1.00

white (OR)
Variables included

1.69 (1.35-2.11)*

Age, sex, quartile
of missing teeth

1.78 (1.42-2.21)*

1.71 (1.36-2.15)*

1.00

1.36 (1.05-1.77)*
0.83, 0.62-1.12

1.00

Model 1 + Behavioral Model 1 + Material

factors: BMI, alcohol
use, tobacco use,
marital status,

social support

factors: Dental insurance,
education, employment,
poverty level, urban
residence

1.41 (1.04-1.90)*

0.83, 0.60-1.15

1.00

Model 1 + Behavioral

factors + Material
factors

*P < 0.05.
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When the material factors dental insurance, edu-
cation, employment, poverty level, and urban
residence were added to the basic model, the
excess risk for untreated caries among non-His-
panic blacks was reduced by approximately 21%
and that of Mexican-Americans was no longer
statistically significant compared with non-His-
panic whites (Table 2, model 3). The basic model
adjusted by both the material and behavioral
factors (Table 2, model 4) resulted in odds ratios
little changed from those of a basic model and
material factors alone (Table 2, model 3). The
McFadden’s R?scores were 0.11, 0.17, 0.13, and 0.18
for models 1, 2, 3, and 4, respectively, while the
Hosmer-Lemeshow goodness-of-fit had P-values of
0.25, 0.18, 0.05, and 0.16 for models 1, 2, 3, and 4,
respectively (Table 2).

Discussion

We found that the risk for untreated dental caries
among US adults 20-50 years of age was signifi-
cantly higher among non-Hispanic blacks and
Mexican-Americans than it was among non-
Hispanic whites, controlling for age, sex, and
missing teeth. These findings support earlier
reports that untreated dental caries is distributed
disproportionately according to race/ethnicity
among adults (3).

When the basic model containing race/ethnicity,
age, sex, and missing teeth (Table 2, model 1) was
further adjusted by behavioral factors, the odds
ratios for having untreated dental caries remained
essentially unchanged for Mexican-Americans and
non-Hispanic blacks. In contrast to the addition of
behavioral factors, when material factors were
added to the basic model the odds ratios for
having untreated dental caries declined substan-
tially for these two race/ethnicity groups.

Specifically, the difference in the prevalence of
three or more untreated carious teeth between
Mexican-American adults and non-Hispanic white
adults became non-significant, and the difference
in prevalence of untreated dental caries between
non-Hispanic blacks and non-Hispanic whites
became less pronounced (21% reduction in odds
ratios). When behavioral factors and materials
factors were added to the basic model together
(Table 2, model 4), the odds ratios for having
untreated dental caries across race/ethnicity
groups were essentially unchanged from that of

Race/ethnicity and untreated dental caries

the model containing only material factors (Table 2,
model 3).

Based on these findings, material factors helped
to explain some of the disparities in untreated
dental caries experienced by non-Hispanic blacks
and all of the disparities in untreated dental caries
experienced by Mexican-Americans. In contrast,
behavioral factors had no direct or indirect effects
nor did they mediate any indirect effects from
material factors on disparities in untreated dental
caries.

Our findings of a lack of impact on racial/ethnic
disparities by controlling for behavioral factors
were unexpected, as previous investigations have
shown a significant association between
heavy tobacco use, heavy alcohol use, and dental
caries (17-19).

Behavioral factors such as tobacco use, alcohol
use, and marital status may arise from material
factors and function as proxies for socioeconomic
status (SES), as persons who use tobacco (17, 20)
and live in a single-person household (21) tend to
have lower SES than their counterparts. In fact,
little association was found between smoking and
dental caries in a population of low-SES homeless
adults, probably because the entire study popula-
tion was poor effectively controlling for SES (22).
Yet in a similar study, in a population of low-SES
homeless veterans and substance abusers, the
authors concluded that behavioral factors were
more important than living conditions in deter-
mining oral health (18). In any event, we found no
evidence in our study for behavioral factors
explaining any variation in untreated caries dis-
parities whether directly, indirectly through mater-
ial factors, or as proxies for SES.

We included missing teeth in models to address
being at risk for dental caries, but this decision was
not without potential problems in interpreting the
role played by this variable and the overall results.
Missing teeth are frequently the result of past dental
caries, and past dental caries experience has been
shown to predict future disease (23). Consequently,
missing teeth are both a result of the carious process
and determine the teeth at risk for current caries.

Missing teeth may also be a proxy for material
factors, as poor adults have a significantly higher
number of missing teeth than do wealthier
adults (24). As such, the basic model, with its
inclusion of missing teeth, might have already
controlled for a portion of the role played by
material factors resulting in a conservative estimate

333



Reid et al.

of the reduction in excess risk by controlling
material factors.

Missing teeth also might be a proxy for health-
seeking behaviors, as adults who chose to have
carious teeth extracted may have less appreciation
for preventive treatments or understanding of the
importance of retained teeth. As such, the basic
model also might have controlled for a portion of
the role played by health behaviors by including
missing teeth. This could have the effect of masking
a weak association and offer an alternate explan-
ation for the lack of impact observed by the
addition of behavioral factors as in model 2
(Table 2). Although missing teeth represented a
problematic variable, it did not seem reasonable to
interpret the relation between race/ethnicity and
untreated dental caries without accounting for
teeth at risk of dental caries.

To assess the missing teeth situation we ran all
the models in Table 2 without the variable missing
teeth (data not shown). The result was that virtu-
ally no change occurred in risk estimates. There
was also virtually no change in Mcfadden’s R*
values for models that included material factors.
However, models without material factors (models
1 and 2 in Table 2) displayed Mcfadden’s R* values
which were approximately half of that seen in
models that included missing teeth. This would
appear to indicate that material factors explain
some of the same variability in untreated decay as
missing teeth. Conversely, it indicates that behavi-
oral factors alone explain very little variability in
untreated decay.

To remain true to our initial study purposes, we
did not disaggregate the component variables of
each group for analysis. It was tempting to
disaggregate the variables as material factors had
greater risk reductions among Mexican-Americans
than non-Hispanic blacks. Disaggregating compo-
nent variables might identify specific variables
more important among one racial/ethnic group
than another. However, disaggregating the com-
ponent variables would additionally raise the
serious issues of multiple comparisons and lack
of prior hypotheses for the individual components.
Rather, with this study we hoped to identify
fruitful areas for future research when applying
these findings to data from other sources, and to
identify the general areas where the greatest
impact might be expected from future interven-
tions. This goal is more modest than reporting and
explaining risk estimates of disaggregated compo-
nent variables, but is more in keeping with the
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limitations of the data, methodology, and concep-
tual model.

This investigation had a number of limitations.
The first was the cross-sectional study design,
which precluded analysis of temporal relationships
and cohort effects. The second related to the lack of
radiographs and the use of a conservative exam-
ination, which likely underestimated the true pre-
valence of dental caries among survey respondents.
The resulting misclassification would most likely
be non-differential with regard to racial/ethnic
group biasing effect estimates to the null. The third
limitation related to the limited number of explan-
atory variables contained within the NHANES III
survey. No explanatory variables were available
for investigating the contribution of factors such as
attitudes toward healthcare, access to oral-health-
care services, and bacterial counts.

The investigation also exhibited important
strengths. For example, the multivariate analysis
controlled for a number of potential confounding
factors, providing a more valid picture of material
and behavioral factors in the relations between
race/ethnicity and untreated caries. The relatively
large sample size resulted in precise bivariate and
multivariate effect estimates. In addition, the com-
plex sampling design of NHANES III allows
generalization of the findings to the US population.

Given the complex interrelationships between
material circumstances and a variety of individual-
and population-level factors, improvements in oral
health would need to include successful public
health interventions at the individual, community,
and societal levels.

At the individual level, most interventions are
impractical, as improving a person’s material
circumstances goes far beyond the capacity of any
public health program. However, to the extent that
attitudes and knowledge of health and illness are
associated with material circumstances (25-29)
changing attitudes and knowledge of oral health
issues may represent a more feasible individual-
level intervention. The literature also shows that
attitudes and level of knowledge regarding health
and illness are related to the cultural norms that
exist within and among population groups (30).
Public health interventions would also need to
include culturally competent messages, accounting
for the unique expression of material circumstances
across racial/ethnic groups.

Community level factors are also associated with
health and illness (31, 32) and at the community
level, several interventions could be used to affect



untreated dental caries. For example, persons in
poor material circumstances may find it difficult to
take time away from work or childcare during the
day to visit a dental clinic or health department.
Communities could provide treatment locations
with hours that are responsive to the needs of those
who find ‘regular’ hours less convenient. In addi-
tion, dental screening and treatment might be
located at sites that are more accessible to the
community, or provide adjunct services such as
childcare.

At the societal level, interventions are also
difficult in the absence of sufficient political will.
Many states do not provide an adult dental benefit
via their healthcare provisions for the poor. As
such, no safety net exists by which low-income
adults might access definitive oral health care
services. Funding priorities remain one of the
primary reasons why these safety net services do
not exist. In order for this situation to change,
society must address the question of whether
access to healthcare is a right for everyone, inclu-
ding the poor. Attempts to restructure the US
health care financing system have progressed
during the last few decades, but often to the
exclusion of low-income adults.

This investigation intended to shed light on one
small piece of a complex puzzle. Specifically, that
material circumstances explain more variation in
untreated dental caries for adults in the US than do
some behavioral factors, and that material circum-
stances help to explain variations across race/
ethnicity. Focusing future studies in the area of
material pathways leading to dental caries may
greatly inform the creation and implementation of
appropriate public health policy to address dispar-
ities in untreated dental caries.

Conclusions

We found that the risk for untreated caries among
US adults 20-50 years of age was higher among
non-Hispanic blacks and Mexican-Americans com-
pared with non-Hispanic whites after adjusting for
age, sex, and missing teeth. We also found that
among the variables available for analysis, much of
the excess risk among non-Hispanic blacks and
Mexican-Americans compared with non-Hispanic
whites could be eliminated when material factors
were controlled, while no risk reductions were
observed when behavioral factors were controlled.

Race/ethnicity and untreated dental caries

The implications of our findings, if replicated,
are twofold (i) that racial/ethnic disparity in
untreated caries has more to do with differences
in material circumstances across groups than with
differences in behavioral factors, and (ii) addres-
sing material differences may have differing
impacts on reducing excess risk across racial/
ethnic groups.
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