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Oral Health in North Carolina:

Relationship With General Health and Behavioral Risk Factors
Satomi Imai, Christopher J. Mansfield
background Oral health is an integral part of general health, and loss of teeth may affect both physical and mental health. We examined
how an individual’s perception of his or her general health is related to oral care and loss of teeth, as well as how socioeconomic and behavioral factors are related to loss of teeth and oral care.
methods Logistic regression was used to analyze data from the North Carolina Behavioral Risk Factor Surveillance System (BRFSS) survey
to investigate how oral health relates to general health. We examined the effects of loss of teeth and recency of dental clinic visits on
perceived general health; we also examined the effects of demographic characteristics and health-related behavioral risk factors on oral
health.
results Adults who had lost 6 or more teeth were more likely to report poor or fair general health, especially among those who were
younger than 65 years (adjusted odds ratio = 3.59) compared to those who were 65 years or older (adjusted odds ratio = 1.87). Those who
had not visited a dentist within the past year, those who had less education, those with lower incomes, and smokers were more likely to
have lost 6 or more teeth.
limitations BRFSS is a large-scale survey that collects self-reported data using random telephone methods; during the years included in
this analysis, the sample included only households with landline phones that answered the survey. The measure of general health is subjective. As the BRFSS survey is a cross-sectional survey, causal relationships cannot be established.
conclusions Loss of teeth and poor oral care are significant predictors of poor general health, indicating that oral health and oral care are
integral parts of general health. Loss of teeth and oral care are affected by demographic factors such as educational attainment, income,
and health-related risk factors.

O

ral health is related to general health and quality of
life in many ways. Dental infections or loss of teeth
can exacerbate chronic diseases such as diabetes [1-5], kidney disease [6], and cardiovascular disease [7-9]. Poor oral
health may also cause dental pain and discomfort that can
significantly undermine a person’s ability to live a normal
life, and losing teeth affects an individual’s general sense of
health, quality of life [10-14], and even cognitive functioning
in old age [15].
Since keeping as many of one’s own teeth as possible has
strong positive effects on general health, regular visits to a
dentist should be regarded as an integral part of maintaining general health. However, residents of North Carolina do
not have equal access to dental care and may have poor oral
health practices. Disparities in access to oral health care are
related to social and demographic factors such as income,
education, race and ethnicity, and regions of residence
within the state [16-20]. In addition to disparities in access
to dental care, there are disparities in individual behaviors
that affect oral health—such as smoking, alcohol consumption, and eating habits—as well as personal oral care habits,
such as brushing and flossing [21].
The purposes of this study were to examine the relationship between general health and oral health among North
Carolinians and to examine the demographic and behavioral variables that affect oral health using data from the
Behavioral Risk Factor Surveillance System (BRFSS) survey
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[22]. North Carolina is ranked below average in the nation
in many health measures; according to America’s Health
Rankings, North Carolina is 35th in overall health statistics and 47th in availability of dentists [23]. While North
Carolina may not be representative of the nation, analysis
of the strength and variability of relationships within the
state can provide a model for research elsewhere; the current study can also provide important information for health
care providers and policy makers in North Carolina.
Figure 1 depicts the relationships between general health
and oral health that we investigate in this study. Oral health
was measured simply as the number of teeth removed, an
outcome that is affected by oral care (dental clinic visits),
chronic disease (diabetes), smoking, and demographic factors such as income, education, and race/ethnicity.

Methods
The data were obtained from the North Carolina BRFSS
survey, a large-scale, state-based, random telephone survey on adult health supported by the Centers for Disease
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Control and Prevention [24, 25]. BRFSS collects data on
self-reported health and health-related behaviors—such
as regular check-ups, smoking, and diet—as well as demographic information. Currently all 50 states, the District
of Columbia, and 3 US territories participate in the BRFSS
survey. Questions regarding oral health are asked every
other year. In this study, we combined the most recent
3 years of data on oral health in North Carolina (2006,
2008, and 2010) to obtain sufficient sample sizes for subgroup analyses.
A total of 43,622 adults residing in North Carolina
responded to the interviews for these 3 years. SUDAAN
statistical software was used to accommodate the complex
sampling methods employed by BRFSS to adjust sampling
biases [26]. The data were weighted according to population distributions of different demographic groups to adjust
sampling biases.
Three questions in the survey about oral health were initially of interest to us. First, “How many of your permanent
teeth have been removed because of tooth decay or gum
disease? Do not include teeth lost for other reasons, such
as injury or orthodontics.” Second, “How long has it been
since you last visited a dentist or a dental clinic for any reason?” Third, “How long has it been since you had your teeth
cleaned by a dentist or dental hygienist?” The measure of
dental cleaning visits implies regular dental care, but it does
not include dental clinic visits for dental treatment. Because
of the multicolinearity inherent in the measures of recent
dental visits and recent dental cleaning, we chose “dental
visits for any reason” as a measure of adequacy of oral care.
Number of teeth lost was used as a measure for oral health.
Our analysis was conducted in 2 stages. The first stage
was to examine the association of perceived general health
with poor oral health (the number of missing teeth) and adequacy of oral health care (dental visits). The second stage
was to determine demographic, behavioral, and health factors that were predictors of many (6 or more) missing teeth.
General health was simply measured by the question
that asks: “Would you say that in general your health is:
excellent, very good, good, fair, or poor?” Responses to the
general health question were collapsed into a dichotomy;
those who reported their general health to be fair or poor
were considered to have worse general health than those
who reported their general health to be good, very good, or
excellent. This is a subjective measure of assessing health,
but previous studies showed close correlations between
this self-reported general health measure and other healthrelated indicators [10, 27].
Multiple logistic regression was employed in the first
stage of the analysis to obtain odds ratios (ORs) for measures of the number of missing teeth and dental visits as
predictors of general health. Number of missing teeth was
measured using response categories in the questionnaire:
no missing teeth, 1–5 missing teeth, 6 or more but not all,
and all. These data were entered in the regression as sepa-

rate nominal variables. Dental visits were measured by how
recently a visit occurred: within the past year, within the
past 2 years, within the past 5 years, 5 or more years ago,
or never. Because age is strongly associated with general
health and with oral health, we examined tooth loss for
2 age groups: individuals younger than 65 years, and
65 years or older.
A binary logistic regression analysis was performed with
missing teeth as a predictor of general health, followed
by logistic regression with dental visits and demographic,
behavioral, and health factors as predictors of missing
teeth. We then performed a multiple logistic regression
analysis including number of teeth removed, dental visits,
and demographic characteristics as predictors of general
health to obtain adjusted ORs, which indicate the separate
effects of the independent variables on perceived general health. Demographic data were taken from questions
about race/ethnicity (white, African American, Hispanic, or
Native American), education (not having completed high
school, high school graduate, some post–high school education, or college or technical college), and annual household
income (less than $15,000, between $15,000 and $25,000,
between $25,000 and $35,000, between $35,000 and
$50,000, or $50,000 or more). We performed separate
analyses for those who were 65 years or older and for those
under age 65 years.
In the second stage of the analysis, we examined the
effects of oral care, demographic characteristics, and healthrelated behavioral variables on multiple tooth loss. Multiple
tooth loss was defined as having 6 or more teeth removed.
Oral care was measured by how recently a dental visit was
reported (ie, within the past year, 2 years, 5 years, more than
5 years, or never). We first assessed the effect of dental visits alone on tooth loss by binary logistic regression, followed
by an expanded model (multiple logistic regression) that
included demographic characteristics and health-related
behaviors. The health-related variables were smoking
(current smoker, former smoker, never smoked) and diabetes (a doctor told that you have diabetes). Demographic
variables were as previously defined. The multiple logistic
regression analysis was run to calculate ORs of these risk
factors for the loss of 6 or more teeth. Again, we did separate analyses for those who were 65 years or older and for
those under age 65 years.

Results
Risk Factors for Fair or Poor General Health
Table 1 shows the results of the separate regression analyses revealing unadjusted ORs and adjusted ORs for number
of teeth removed (oral health) and recency of dental visits
(oral care) as predictors of fair or poor general health. The
sample sizes for categories and weighted percentages are
also shown among those who reported fair or poor health in
response to the general health question.
There are large differences in the impact of losing teeth
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table 1.

Relationship of General Health to Teeth Removed and Dental Visits
Poor or fair general health
					
Age <65 years		
No.
Percenta
OR (95% CI)
Number of
teeth
removed

All
737
10.8%
9.85 (8.29–11.70)
6 or more, not all
1,428
21.5%
6.01 (5.28–6.84)
1–5
1,774
35.2%
2.51 (2.22–2.82)
None
1,327
32.4%
1.00
Dental
Never
96
3.6%
4.26 (2.95–6.15)
visits
5 or more years ago
1,155
22.2%
4.21 (3.70–4.80)
Within the past 5 years
719
14.6%
2.54 (2.17–2.97)
Within the past 2 years
702
13.1%
1.82 (1.58–2.10)
Within the past year
2,615
46.5%
1.00
Age ≥ 65 years					
Number of
All
1,260
33.1%
3.88 (3.22–4.66)
teeth
6 or more, not all
1,254
33.3%
2.22 (2.11–3.02)
removed
1–5
838
21.3%
1.24 (1.03–1.49)
None
445
12.4%
1.00
Dental
Never
37
0.9%
2.52 (1.44–4.42)
visits
5 or more years ago
1,152
29.1%
2.93 (2.57–3.33)
Within the past 5 years
421
12.6%
2.37 (1.95–2.88)
Within the past 2 years
385
10.0%
1.82 (1.53–2.17)
Within the past year
1,875
47.5%
1.00

Adjusted ORb
(95% CI)
4.57 (3.71–5.62)
3.59 (3.08–4.18)
1.93 (1.68–2.21)
1.00
1.83 (1.13–2.95)
1.66 (1.40–1.97)
1.27 (1.05–1.53)
1.17 (0.99–1.39)
1.00
1.94 (1.54–2.44)
1.87 (1.52–2.29)
1.22 (1.00–1.48)
1.00
1.12 (0.52–2.44)
1.31 (1.09–1.58)
1.32 (1.06–1.65)
1.13 (0.91–1.40)
1.00

Note. CI, confidence interval; OR, odds ratio.
Source: Data are from the North Carolina Behavioral Risk Factor Surveillance System surveys for 2006, 2008, and 2010.
a
Weighted percentage according to population demographics.
b
Adjusted for education, income and race/ethnicity.

on perceived general health by age. One-third (33.1%) of
those 65 years or older who reported their health to be fair
or poor had lost all of their teeth. The OR of those 65 years
or older who reported fair or poor health if all teeth had been
removed is almost 4 times that of those who reported having no teeth removed (OR = 3.88; 95% confidence interval
[CI], 3.22–4.66); adjusting for demographic characteristics,
the OR is 1.94 (95% CI, 1.54–2.44). In contrast, while only
about one-tenth (10.8%) of those younger than 65 years
had lost all their teeth, they were almost 10 times as likely
to be in poor or fair health (OR = 9.85; 95% CI, 8.29–11.70);
after adjusting for demographic characteristics, they were
still about 5 times as likely to be in poor or fair health
(OR = 4.57; 95% CI, 3.71–5.62). This substantial difference by age is also apparent for those who lost 6 or more
teeth but not all of their teeth. For those who were younger
than 65 years and had lost 6 or more teeth but not all,
the adjusted OR of being in poor or fair health was 3.59
(95% CI, 3.08–4.18) compared to those who had lost no
teeth; for those 65 years or older, the OR for this comparison was 1.87 (95% CI, 1.52–2.29).
There is also a strong relationship between oral care
(dental visits) and general health. However, the effects
became much smaller after controlling for demographic
variables (education, income, and race/ethnicity), suggesting that socioeconomic factors contribute more to perceived general health than do dental visits. Among adults
who were under age 65 years, those who had never visited a
dentist and those who had visited a dentist 5 or more years
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ago were 4.26 times (95% CI, 2.95–6.15) and 4.21 times
(95% CI, 3.70–4.80) as likely to report fair or poor health,
respectively, compared to those who had visited a dentist
within the past year. The relationship of dental visits to
general health remains when demographic factors are considered, but the strength of the relationship was reduced;
the ORs were 1.83 (95% CI, 1.13–2.95) and 1.66 (95% CI,
1.40–1.97), respectively.

Risk Factors for Poor Oral Health
Factors associated with poor oral health, defined as the
loss of 6 or more teeth, were revealed by the multiple logistic regression analyses performed to assess the effects of
dental visits, demographic characteristics, and health factors (smoking and diabetes) on loss of teeth. The logistic
analyses with dental visits as a sole predictor variable and
also with other demographic, behavioral, and health variables were performed separately for adults who were under
age 65 years and for those who were 65 years or older
(See Table 2).
Recency of dental visits had a significant effect on loss
of teeth; however, loss of teeth is also greatly affected by
demographic and behavioral factors. Individuals 65 years or
older who had not visited a dentist within the past 5 years
were almost 6 times as likely to have lost 6 or more teeth
(OR = 5.78; 95% CI, 4.73–7.06) compared to those who had
visited a dentist within the past year; among those younger
than 65 years, the adjusted OR for this comparison was
only 2.23 (95% CI, 1.92–2.60). Less than 1% of adults under
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table 2.

Predictors of Having 6 or More Teeth Removed
		
Dental visits
Never
5 or more years
Within the past 5 years
Within the past 2 years
Within the past year
Education
Less than high school
High school
Some post high school
College or higher
Household
Less than $15,000
income
$15,000–$25,000
$25,000–$35,000
$35,000–$50,000
$50,000 or more
Smoking
Current
Former
Never
Diabetes
Yes
No
Race
Non-Hispanic African American
Native American
Hispanic
Non-Hispanic white

Age <65 years
Percenta
OR (95% CI)
0.51%
0.38 (0.20–0.72)
24.52%
2.23 (1.92–2.60)
14.25%
1.59 (1.34–1.88)
13.63%
1.38 (1.17–1.64)
47.09%
1.00
25.34%
4.66 (3.79–5.72)
40.21%
2.58 (2.20–3.03)
23.85%
1.90 (1.62–2.24)
11.04%
1.00
21.2%
2.96 (2.45–3.58)
26.87%
2.27 (1.91–2.70)
15.94%
2.13 (1.78–2.55)
15.42%
1.66 (1.41–1.95)
20.56%
1.00
41.74%
2.42 (2.12–2.75)
28.38%
2.46 (2.17–2.80)
29.88%
1.00
19.11%
2.77 (2.41–3.19)
80.89%
1.00
28.17%
1.34 (1.16–1.54)
2.82%
1.07 (0.79–1.44)
4.04%
0.20 (0.15–0.28)
64.97%
1.00

Age ≥65 years
Percenta
OR (95% CI)
0.99%
2.25 (1.00–5.08)
33.09%
5.78 (4.73–7.06)
13.03%
2.71 (2.17–3.38)
10.17%
1.67 (1.34–2.08)
42.71%
1.00
34.57%
3.79 (3.00–4.78)
34.90%
2.47 (2.06–2.97)
18.93%
1.76 (1.46–2.12)
11.6%
1.00
25.48%
1.95 (1.55–2.45)
32.08%
1.77 (1.46–2.14)
15.48%
1.24 (1.01–1.51)
12.25%
1.22 (0.99–1.49)
14.71%
1.00
13.93%
2.82 (2.26–3.51)
45.38%
1.86 (1.63–2.12)
40.69%
1.00
27.58%
1.33 (1.14–1.55)
72.42%
1.00
23.57%
1.97 (1.57–2.48)
1.73%
1.37 (0.79–1.57)
1.79%
1.18 (0.54–2.59)
72.91%
1.00

Note. CI, confidence interval; OR, odds ratio.
Source: Data are from the North Carolina Behavioral Risk Factor Surveillance System surveys for 2006, 2008, and 2010.
a
Weighted percentage according to population demographics.

age 65 years reported that they had never visited a dentist;
despite the small number, the OR was statistically significant (OR = 0.38; 95% CI, 0.20–0.72).
Among demographic variables, education had a very
strong effect on the loss of teeth. Among individuals under
age 65 years, those with less than a high school education
were 4.66 times (95% CI, 3.79–5.72) as likely to have lost
6 or more teeth compared to those with college or higher
education; for those 65 years or older, the OR was 3.79
(95% CI, 3.00–4.78). Among those under age 65 years, those
who had a high school diploma were 2.58 times (95% CI,
2.20–3.03) as likely to have lost 6 or more teeth compared
to those who had college or higher education; for those
65 years or older, the OR was 2.47 (95% CI, 2.06–2.97).
Household income also had a strong effect. Compared
to those who had household incomes of $50,000 or more,
those younger than 65 years whose household income was
less than $15,000 were 2.96 times (95% CI, 2.45–3.58)
as likely to have lost 6 or more teeth, and those 65 years
or older were 1.95 times (95% CI, 1.55–2.45) as likely to
have lost 6 or more teeth. Those younger than 65 years
with a household income of more than $15,000 but less
than $25,000 were 2.27 times (95% CI, 1.91–2.70) as likely
to have lost 6 or more teeth, and those 65 years or older
were 1.77 times (95% CI, 1.46–2.14) as likely to have lost
6 or more teeth.
Another variable strongly associated with oral health is
smoking. Current smokers younger than 65 years were 2.42

times (95% CI, 2.12–2.75) as likely to have lost 6 or more
teeth compared to those who had never smoked; current
smokers who were 65 years or older were 2.82 times as
likely (95% CI, 2.26–3.51) to have lost 6 or more teeth compared to those who had never smoked. Former smokers who
were younger than 65 years had a risk 2.46 times (95% CI,
2.17–2.80) that of those who never smoked; the risk for
former smokers 65 years or older was 1.86 times (95% CI,
1.63–2.12) that of those who had never smoked.
The association of diabetes with loss of multiple teeth
is also significant. Those who reported having diabetes
and who were younger than 65 years were 2.77 times as
likely to have lost 6 or more teeth compared to those who
did not report having diabetes (95% CI, 2.41–3.19). Those
who reported having diabetes and who were 65 years or
older were 1.33 times as likely to have lost 6 or more teeth
(95% CI, 1.14–1.55).
The association of race/ethnicity with loss of multiple
teeth, adjusted for other factors, is not particularly strong
but is still of interest to report. For those under age 65 years,
loss of multiple teeth seems less likely if one is Hispanic
(OR = 0.20; 95% CI, 0.15–0.28) but slightly more likely if
one is Non-Hispanic African American (OR = 1.34; 95% CI,
1.16–1.54), compared to non-Hispanic whites. There was a
differential effect of race/ethnicity for the older population
than the younger one. Older African Americans showed the
highest risk for loss of multiple teeth (OR = 1.97; 95% CI,
1.57–2.48).
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Discussion
The goal of Healthy North Carolina 2020 is to decrease
the percentage of adults who have had permanent teeth
removed due to tooth decay or gum disease; this percentage
is currently 47.8%, and the Healthy North Carolina 2020
target is 38.4% [28]. The results of this study show that
keeping many of one’s own teeth, a measure of oral health,
is strongly associated with good general health. More adults
who had lost teeth reported fair or poor health instead of
excellent to good health compared to those who had kept
their teeth.
Previous studies showed that perceived general health
is strongly affected by demographic factors such as household income, education, and race/ethnicity [29, 30]. After
controlling for these demographic variables, loss of teeth
emerged as a significant risk factor for perceived general
health. The effect of loss of teeth was significantly stronger
for adults younger than 65 years than for adults 65 years or
older. Compared to those who had lost none of their teeth,
younger adults who lost all of their teeth were more than
4 times as likely to report fair or poor health, while adults
65 years or older were about twice as likely to report fair
or poor health. For older adults, the impact of tooth loss
might be relatively weakened as they have to deal with other
health issues and problems.
In our model of oral health and general health, general
health is thought to be affected by oral health as well as
by environmental/social and individual/behavioral factors (See Figure 1). Recency of dental visits, a measure of
oral care, is thought to be a predictor of perceived general
health. Overall, the effect of dental visits on general health
was especially strong for individuals younger than 65 years.

However, when analyses controlled for demographic variables, the effect of dental care on general health became
much smaller; thus demographic and behavioral factors
also affect oral health.
In the second stage of the analysis, we examined factors
affecting oral health (losing 6 or more teeth). In the logistic regression model, education had the strongest effect;
dental visits, household income, smoking, and diabetes also
had significant effects, with ORs ranging from 2.96 to 1.33.
Race/ethnicity had a lesser effect for adults younger than
65 years. In this analysis, we saw differences between the
younger and older groups in the effect of education and
income on loss of teeth. Specifically, adults younger than
65 years with lower educational attainment and lower
incomes were more at risk of losing 6 or more teeth. An
unexpected finding was that those under age 65 years
who had never visited a dentist were less likely to have lost
6 or more teeth than were those who had seen a dentist
within the past year. There are several possible reasons for
this finding: it might be an artifact of the small sample size
in that category; these individuals may be very young; or
they may have simply taken good care of their teeth. The
older group had much larger ORs for dental visits than the
younger group, but a causal relationship cannot be asserted.
Some older adults might not have visited a dentist in more
than 5 years because they had lost all of their teeth. Smoking
and diabetes also had significant effects.

Limitations
Limitations of this study lie in the use of cross-sectional
survey data. The cross-sectional nature of the BRFSS survey would not allow causal relationships to be established.
Although the cross-sectional survey data had inherent

figure 1.

A Model of Relationships Between General Health and Oral Health
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limitations, the use of the large-scale BRFSS data has an
advantage of representing different demographic groups.
The validity of the results was also limited to the frame of the
questions used. For example, poor oral health was defined
as losing 6 or more teeth, but this definition would leave
out other variables regarding oral health. Another limitation
concerns the subjective nature of the survey. The accuracy
of the BRFSS survey could be compromised by the accuracy
of the self-reported data, and this study is also limited by
the questions on oral health that were asked in the survey.
Although efforts were taken to adjust for sampling biases,
the telephone contacts for the BRFSS survey years analyzed
were limited to landline phones, thus excluding cell phone–
only households and likely leaving out younger and poorer
people.

Conclusion
This study provides evidence to support the assertion
that oral health is an integral part of general health, even
after controlling for demographic variables such as education, household income, and race/ethnicity. Poor oral health,
defined as losing 6 or more teeth, was strongly affected by
dental visits, education, household income, and health variables such as smoking and diabetes.
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