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Abstract
Objectives—To compare oral health status by ethnicity and socioeconomic status among
African American (AA), American Indian (AI), and white dentate and edentulous community-
dwelling older adults.

Design—Cross-sectional study; data from self-reports and oral examinations.

Participants—A multi-stage cluster sampling design was used to recruit 635 participants aged
60+ from rural North Carolina counties with substantial AA and AI populations.

Measurements—Participants completed in-home interviews and oral examinations. Self-
reported data included socio-demographic indicators, self-rated oral health status, and presence/
absence of periodontal disease, bleeding gums, oral pain, dry mouth, and fit of prostheses. Oral
examination data included number of teeth and numbers of anterior and posterior functional
occlusal units.

Results—Compared to whites, AAs and AIs had significantly lower incomes and educational
attainment. Self-rated oral health was significantly higher in whites, compared to both AAs and
AIs. Prevalence of self-reported periodontal disease and bleeding gums was lower in whites.
Among dentate participants, AAs were significantly more likely than whites to have moderately
reduced numbers of teeth (11–20 teeth) and posterior occlusal contacts. Oral health deficits
remained associated with ethnicity when adjusted for socioeconomic variables.

Conclusions—Oral health disparities in older adults in a multi-ethnic rural area are largely
associated with ethnicity and not socioeconomic status. Clinicians should be aware of these health
disparities in oral health status and their possible role in disparities in chronic disease. Further
research is necessary to understand whether these oral health disparities reflect current or lifetime
access to care, diet, or attitudes toward oral health care.
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Introduction
Oral health is central to both physical and psychosocial well-being. Deficits in oral health
are associated with a variety of systemic chronic diseases and their risk factors. Periodontal
disease has been associated with ischemic stroke and fatal coronary heart disease (1–3).
Tooth loss has been associated with low functional status, subclinical cardiovascular disease,
cognitive decline, ischemic stroke, coronary heart disease, diabetes, and mortality (1,2–10).

The effects of oral health on chronic disease risk most likely occur through multiple
pathways, including altered nutritional status. Oral health deficits influence nutritional status
through constraining dietary choices. Older adults make dietary accommodations to tooth
loss and other deficits without realizing the declining quality of the diet (11). Over time, the
loss of teeth leads to avoidance of hard-to-chew items such as meat and fresh fruits and
vegetables (12). This results in measurable declines in diet quality (13).

Oral health deficits can also impair social interaction and integration due to pain,
communication disorders, and embarrassment (14–16). Despite dramatic advances in
preventive dentistry, oral health disparities persist.

Ethnic disparities in oral health among older adults are striking. African Americans have
higher rates of edentulism than whites, as well as higher prevalence of periodontal disease
and untreated dental decay (17). Few data exist for American Indian older adults; their small
numbers in national surveys prevent comparisons with other ethnic groups. However, data
from compilations of clinical data (18) and from combined regional surveys (19) have found
edentulism, decay, periodontal disease, and other conditions to be common. These suggest
that oral health disparities are significant for American Indians.

Older adults in rural communities are at particularly high risk for oral health disparities due
to factors such as limited access to oral health care and, for many, to lack of fluoridated
water throughout their lifetimes. Rural participants 65 years and older in the National Health
Interview Survey (NHIS) had higher rates of edentulism than urban residents, regardless of
poverty status (20). These data were consistent with NHIS findings that rural residents of all
ages combined were less likely than urban residents to have private dental insurance, were
less likely to have had a dental visit in the past year, and were more likely to report poor
dental health (21,22). The high proportion of ethnic minorities in some rural regions makes
disparities in oral health within rural populations likely.

Although a significant amount of literature has documented racial and ethnic disparities in
oral health, notably lacking in the literature has been an analysis that includes American
Indians and that includes both minority and white residents from the same geographic
region. Such a comparison is useful because it can reduce the confounding of ethnic health
disparities by environmental factors. This paper addresses this gap by presenting data from a
population-based survey of oral health among persons 60 and older from a rural population
with significant numbers of African American and American Indian residents. This study
provides an opportunity to compare these two minority groups with whites from the same
communities. The objectives of the paper are to (1) describe the oral health status of these
elders and (2) compare oral health status by ethnicity and socioeconomic status indicators in
this tri-ethnic geographic region.
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Methods
Sample and Recruitment

The Rural Nutrition and Oral Health (RUN-OH) Study was conducted in two rural counties.
Inclusion criteria were: ≥ 60 years; community-dwelling; cognitively and physically able to
complete a survey interview; and self-ascribed ethnicity of African American, American
Indian, or white. Participants were located using a random dwelling selection and screening
procedure based on a multistage cluster sampling design in which the primary sampling
units (clusters) were stratified and selected with probability proportionate to their sizes. This
procedure was designed and implemented by the investigators in consultation with the
University of Illinois Survey Research Laboratory.

First, clusters were selected in each county. The 2000 SF1 census data for the two counties
were sorted according to GISID, a variable on the census file indicating geographic location.
Once sorted by this variable, blocks were ordered by geographic proximity. After sorting,
contiguous records were summed until a minimum of 75 dwelling units was reached. In
addition to summing the dwelling units across all blocks in the cluster, the total population
by race/ethnicity was summed for each group to obtain the necessary data for stratifying the
cluster. Clusters were stratified into 4 categories, based on the racial/ethnic composition of
their residents as predominantly (more than 50%) African American, American Indian or
white, or mixed (no ethnic group comprising 50% of the residents). We randomly selected
20 clusters from each of the four types with probabilities proportionate to size, where size
was measured by the number of dwelling units, for a total of 80 clusters. This process
ensured that the proportion of dwellings randomly selected for the sample was roughly one-
third each African American, American Indian and white.

Second, maps of the selected clusters were created with GIS software. Project staff visited
each cluster and visually verified the dwelling units on the maps, adding any missing units
to the file for each sampled cluster. Third, a random sample of 70 dwelling units was
selected for each cluster once all the dwelling units were listed (all dwellings were selected
in clusters with 70 or fewer dwellings). To maximize coverage of survey eligible dwelling
units, a standard half-open interval procedure was used to allow dwelling units missed
during the original listing process to enter the sample. The field interviewer checked the
geographic listing interval between each sampled dwelling unit and the next listed unit for
presence of any unlisted dwellings. Any dwelling units found were added to the sample.

Fourth, dwelling units in each cluster were screened in random order. Interviewers contacted
each of the dwellings selected. If no one was at home at the initial visit, the interviewer
made at least three additional attempts to contact the dwelling residents, each at different
times of the day (morning, afternoon, evening), and on at least one weekend day. Once
interviewers made contact with a dwelling resident, the interviewer screened the household
for residents who met the inclusion criteria. If more than one resident who met the inclusion
criteria lived in a dwelling, one resident was selected using a random respondent selection
key to ensure men and women had an equal chance of being interviewed. This also avoided
interviewer discretion in designation of a sample member. Replacements were not made for
non-cooperating sample persons. Interviewers were trained to detect confusion or
inconsistent answers indicative of dementia. If dementia was suspected, the interviewer
administered the Mini Mental State Examination (MMSE) (24). Persons scoring 17 or less
(with eight or fewer years of education) or 23 or less (with nine or more years of education)
were excluded from the study (25).

Within the 80 mapped clusters, 5,545 dwellings units were identified (Figure 1). Thirty-nine
of these dwelling units were not screened, 4,647 were screened but did not include an
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eligible participant, and 859 included an eligible participant. The screening rate was 99.3%.
Among the dwelling units that did not include an eligible participant, 4,082 had no resident
aged 60 years or older, 444 were vacant, 104 were not actually dwelling units, 6 included no
resident who spoke English, in 9 the potential participant failed the MMSE, indicating that
they were not able to give informed consent, and in 2 the potential participant was
physically unable to complete the interview.

Finally, interviewers attempted to recruit participants who met the inclusion criteria in each
randomly selected dwelling in a cluster, regardless of participant ethnicity and the
predominant ethnic group of the cluster. Once an eligible resident was identified, the
interviewer asked to speak with that individual. If the individual was not at home, the
interviewer made an appointment to return. The interviewer made at least three additional
attempts to contact the selected individuals at times at which other residents indicated the
individual would normally be at home. All randomly selected dwellings were maintained in
the sample until their dispositions were finalized.

The eligible resident in 635 of the 859 eligible dwelling units completed the interview, and
224 refused to complete the interview, for a response rate of 74%. The University of Illinois
Survey Research Laboratory provided weights for each participant based on size of the
cluster from which he/she was selected, and his/her probability of selection within each
dwelling unit.

Data Collection and Quality Control
Data were collected by experienced interviewers in face-to-face home interviews lasting 1.5
to 2.5 hours. Questions were read to participants and cue cards with response categories
were used when appropriate. All interviewers completed one day of didactic training, and
each recorded practice interviews that were reviewed and approved. Ten percent of each
interviewer's interviews were verified by telephone. Persons with at least one natural tooth
were asked to undergo an in-home oral examination. Among 413 dentate participants, 362
completed the oral examination, for a participation rate of 88%. Oral examinations were
conducted by licensed dental hygienists who performed tooth counts and assessed functional
occlusal contacts. Two hygienists conducted all study examinations. They underwent an
initial one day training and one day calibration with a research dentist using volunteers who
were representative of the study population. Calibration was repeated annually. The research
dentist conducted five replicate examinations with each hygienist and performed an ongoing
review of data collection forms to check for correct logic, legal values, and data ranges.

Measures
Ethnicity was self-defined by participants and categorized as white, American Indian or
African American. Education was reported as highest grade completed and is categorized as
grade 6 or less, grades 7 or 8, grade 9 to less than high school graduate, high school
graduate, and more than high school. Income is dichotomized as (0) above and (1) below the
poverty line, using current federal poverty guidelines appropriate for the respondent's
household size.

Self-rated oral health was obtained by asking participants to rate the condition of their
mouth and teeth, including dentures, as excellent, very good, good, fair or poor. Participants
reported mouth pain, dentures or partials that did not fit, gum soreness or bleeding, dry
mouth, bad breath, and periodontal disease. All were coded as present (1) or absent (0).
Periodontal disease was coded as present if participants reported ever having been told by a
dentist that they had periodontal or gum disease OR reported ever having had a loose tooth
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as an adult (not including trauma). Removable prostheses were coded as present (if the
participant reported having at least one partial or full upper or lower plate) or absent.

Number of teeth was a categorical variable with values 0 teeth, 1–10 teeth, 11–20 teeth, and
21 or more teeth. For dentate participants, tooth counts were obtained from the oral
examination. If the participant refused the oral examination (n=51), self-reported number of
teeth obtained at the survey was used. The correlation of self-report and examination in
those who had both was 0.92 (p<0.0001).

Functional units were counted if a functional contact existed between two natural teeth, a
natural tooth and a fixed prosthesis, or two fixed prostheses. Functional anterior units were
ordered categories 0 functional units, 1–3 functional units, and 4–6 functional units.
Functional posterior units were ordered categories 0 functional units, 1–2 functional units,
3–5 functional units, and 6–10 functional units. Data on functional contacts are only
available for those 362 who participated in the oral examination.

Data Analysis
All data analyses took into account the complex survey design of our study. The association
between two categorical variables was examined using Wald log-linear Chi-square tests.
Logistic regression models were used for binary outcomes to obtain odds ratio estimates.
For ordinal variables, we first assessed the assumption of proportional odds ratios using
Score tests. This assumption appeared reasonable for outcomes such as self-rated oral health
and functional anterior occlusal units, and therefore, proportional odds models were
employed. When the proportional odds assumption failed, nominal logistic regression
models were used instead to allow the association between predictors and outcome to differ
across outcome levels. All analyses were performed using SAS 9.1 (Cary, NC) and a p-value
of <0.05 was considered statistically significant.

Results
Mean (± SE) age of the sample was 72.2 ± 0.7 years for whites, 72.2 ± 0.8 for African
Americans, and 70.1 ± 0.6 for American Indians. About 2 in 5 minority participants, and 1
in 4 whites, were below the poverty level (Table 1). Educational attainment had significant
ethnic differences. Only 26% of American Indians had at least a high school diploma,
compared to 43% for African Americans and 56% of whites. Dental insurance coverage was
low, varying from 12% of African Americans to 7% for American Indians.

Whites reported significantly better self-rated oral health (Table 2), with 64% reporting the
condition of teeth, mouth, and gums to be good, very good, or excellent, compared to 47%
and 46% of African American and American Indian elders, respectively. Minority elders
reported a significantly higher prevalence of periodontal disease and bleeding gums. There
were no ethnic differences in oral pain, dry mouth, or bad breath.

Thirty-five percent of the sample was edentulous, including 36% of whites, 32% of African
Americans, and 35% on American Indians. Among dentate participants, there were
significant ethnic differences in number of teeth. Whites had more individuals in the highest
category (21 or more teeth) (Table 2). There were no ethnic differences related to removable
prostheses.

Among persons with at least one tooth, ethnic groups did not differ in anterior functional
occlusal contacts, with 50–60% having 4 to 6 contacts. In contrast, there were significant
differences for posterior contacts. Almost twice as many whites had 6 to 10 contacts (43%)
as did African Americans (22%) and American Indians (22%).
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Table 3 presents the unadjusted odds ratios (OR) and corresponding 95% confidence
interval (95% CI) for each measure of oral health predicted by ethnicity. The table also
presents the OR and CI adjusted by demographic and socioeconomic variables. The ethnic
differences in oral health status measures observed in the bivariate analyses were sustained
in the unadjusted regression analyses. For number of teeth, the significant ethnic differences
were found in those with 11–20 teeth, compared with 21+ teeth. Similarly, the ethnic
differences in posterior functional occlusal contacts were between those with 1–2 and 3–5
contacts and those with 6 or more, and not with those having 0 contacts.

In the adjusted regression analysis, self-rated oral health remained associated with ethnicity,
with both African American and American Indians significantly lower than whites. Age and
having dental insurance were also associated with higher levels of self-rated oral health.
Periodontal disease differed only between African Americans and whites, once adjusted for
other variables. Ethnic differences in bleeding gums were unchanged by adjusting for the
variables; low educational attainment was also significantly associated with bleeding gums.
The edentulous category (0 teeth) was related to low education and to income below the
poverty level. For the third category, 11–20 teeth, ethnicity remained related to number of
teeth, but only for African Americans once adjusted for other variables. African Americans
had 2.5 times the likelihood of having only 11–20 teeth, compared to whites. For posterior
functional occlusal contacts, ethnicity remained the only predictor even when adjusted for
other variables. African Americans had 6.4 times the odds of having only 1–2 posterior
contacts, compared to whites. American Indians had 4 times the odds of having 1–2
posterior contacts and 2.6 times the odds of having 3–5 contacts, compared to whites.

Discussion
Disparities in oral health status have been documented nationally. Members of ethnic
minorities have been shown consistently to have poorer oral health, whether measured
objectively through oral examinations or subjectively as self-rated oral health (17). The
present analysis focused on ethnic disparities, but in a population derived from a single
region where residents have, theoretically, access to much the same health care resources.
Ethnic disparities are apparent in this population for specific conditions—periodontal
disease, bleeding gums, number of teeth, and functional occlusal contacts—as well as
subjectively rated oral health. In all comparisons, whites as a group had better oral health
than the African American and American Indian respondents.

Self-rated oral health provides a global measure of the respondent's perceived oral health
status. Almost two-thirds (64%) of whites rated their oral health as excellent, very good, or
good, compared to fewer than half of African Americans (47%) and American Indians
(46%). Disparities in self-reported periodontal disease and bleeding gums paralleled those in
self-rated oral health and may provide explanation for the lower minority ratings of oral
health. This disparity in self-rated oral health is striking, though not as large as that between
whites and African Americans 65 years and older in the 1999–2004 National Health and
Nutrition Examination Survey (NHANES) (65.3% vs. 38.8%) (17).

The percentage of edentulous participants in this sample exceeded the comparable
percentage for persons 65 years and older (35% vs. 27%) in the 1999–2004 NHANES (17).
This difference is largely due to the higher proportion of whites (36% vs. 26%) who are
edentulous. Although more African Americans than whites were edentulous in the
NHANES, the opposite was true in this study. This may reflect the overall poor oral health
status of this rural population and possibly greater access to dental care or financial
resources among whites to have teeth extracted and obtain dentures (23). Whites also had
the greatest proportion with 21 or more teeth, while African Americans and, to a lesser
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extent American Indians, had larger percentages of persons with 11–20 teeth, compared with
whites. Having no teeth or 1–10 teeth were associated with socioeconomic factors (lower
education and income below the poverty line) in this sample, while having 11–20 teeth was
associated with ethnicity. This, too, suggests greater access to care among whites to preserve
or restore dentition.

Fewer numbers of functional posterior occlusal contacts have been associated with less
effective mastication and problems of swallowing and choking (26). Over time, such
problems lead to avoidance of brittle and tough foods such as nuts and meat (27). In this
study, African Americans who were dentate were over six times more likely to have only
one or two contacts, compared to whites who were dentate. American Indians were also
more likely to have one or two contacts, as well as three to five contacts, compared to six to
ten.

This study was able to assess only a small portion of factors that might be related to these
measures of oral health status. Adjusting for commonly-assessed measures of
socioeconomic status (education, dental insurance, and poverty status) did not eliminate the
effect of ethnicity on oral health status.

This study provides data on oral health status among older American Indians. Too few
American Indians are included in national samples to be able to quantify their oral health
disparities; few published studies include this group. The analyses presented here
demonstrate oral health disparities largely consistent with those of African Americans,
except for periodontal disease. When adjusted for socioeconomic factors, American Indians
had less periodontal disease than African Americans and were not different from whites.

These results should be interpreted in light of specific limitations. The research used a cross-
sectional survey design; it was not possible to document causal relationships. The results
were subject to the recall bias of the participants. No data were available on lifetime access
to care. The research was conducted in two rural southern counties; this may limit
generalization of results to adults in other regions. However, the research included a large,
random, ethnically diverse sample. The survey was complemented by an oral examination,
which provided results consistent with self-reported oral health status.

These results indicate that a substantial proportion of older rural adults have oral health
deficits. This includes white older adults, but African American and American Indian elders
had significantly greater deficits. Although some deficits are linked to differences in
socioeconomic status, most are not. Further research is needed to examine whether these
disparities reflect lifetime or current differences in access to care, in diet, or in attitudes
toward oral health.

A variety of oral health deficits assessed in this study, including periodontal disease and
tooth loss, have been linked to chronic diseases and their risk factors (1–10). Clinicians
treating older adults should be aware of their patients' oral health status and promote dental
treatment as a means of addressing a range of health conditions. The impact of ethnic oral
health disparities on overall health, particularly on chronic disease and nutritional status,
deserves further examination.
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Figure 1.
Flow Diagram of Sampling and Recruitment.
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