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Abstract

Objectives: Assess periodontal disease progression among GullahAfricanAmericans
with type 2 diabetes mellitus (T2DM) according to health insurance coverage.
Methods: From an ongoing clinical trial among T2DM Gullah, we extracted a cohort
that was previously enrolled in a cross-sectional study (N = 93). Comparing prior
exam to trial initiation, total tooth sites/person with periodontal disease progression
events [evaluated separately: 2+ mm of clinical attachment loss (CAL), 2+ mm
increased periodontal probing depths (PPD), bleeding on probing (BOP) emer-
gence] were evaluated according to health insurance coverage using regression tech-
niques appropriate for data with different counts of potential events per subject
(varying tooth sites available). We used negative binomial regression techniques to
account for overdispersion and fit multivariable models that also included baseline
glycemic control (poor: glycated hemoglobin �7 percent, well: glycated hemoglobin
<7 percent), history of established periodontitis, age, gender, body mass index,
annual income, and oral hygiene behaviors. Final models included health insurance
status, other significant predictors, and any observed confounders.
Results: Privately insured were most prevalent (41.94 percent), followed by unin-
sured (23.66 percent), Medicare (19.35 percent), and Medicaid (15.05 percent).
Those with poor glycemic control (65.59 percent) were more prevalent than well-
controlled (34.41 percent). CAL events ranged from 0 to 58.8 percent tooth sites/
person (11.83 � 12.44 percent), while PPD events ranged from 0 to 44.2 percent
(8.66 � 10.97 percent) and BOP events ranged from 0 to 95.8 percent
(23.65 � 17.21 percent). Rates of CAL events were increased among those who
were uninsured [rate ratio (RR) = 1.75, P = 0.02], Medicare-insured (RR = 1.90,
P = 0.03), and Medicaid-insured (RR = 1.89, P = 0.06).
Conclusions: Increased access to health care, including dental services, may achieve
reduction in chronic periodontal disease progression (as determined by CAL) for
this study population. These results are very timely given the March 2010 passing of
the US healthcare reform bills.

Introduction

Chronic periodontal disease results in progressive destruc-
tion of the supporting tissues of the teeth as well as pocket
formation, recession, or both. Periodontal disease has also
been recognized as the sixth most common diabetes-related

complication (1). There is evidence that periodontal disease
can worsen glycemic control; also, (vice versa) proper
management of periodontal disease can improve glycemic
control (2).

Gullah African-Americans (or simply the Gullah) of
coastal South Carolina and Georgia have a particularly high
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degree of genetic risk for type 2 diabetes mellitus (T2DM),
with a 3.3 familial relative risk, a figure which exceeds that
seen in other communities (3). A previous report found sig-
nificantly higher (P < 0.001) periodontal disease prevalence
rates among Gullah with T2DM (70.6 percent) compared to
national figures (National Health and Nutrition Survey III)
for African-Americans with diabetes (31.3 percent) (4). The
Gullah are direct descendants of rice plantation-enslaved
Africans from Sierra Leone and other parts of West Africa
who remained in their communities when slave practices
became illegal (5). The Gullah today have considerably low
non-African genetic admixtures as compared to other
African-American populations (3.5 +/- 0.9 percent) (6),
considered to be largely due to their longtime geographical,
social, and cultural isolation. They are, predominantly, an
underserved population, characterized by low socioeco-
nomic conditions and live in very remote locations. This
combination negatively impacts their access to health care
(including dental services) and further complicates their
ability to achieve and sustain wellness.

In an evaluation of dentate adults in the United States,
Macek and Tomar (7) found that dental care visits in the pre-
ceding year were significantly less likely for those with no
dental insurance [odds ratio (OR) = 0.55, 95 percent confi-
dence interval (CI) = 0.47-0.63, adjusted for age, sex, race/
ethnicity, education, poverty, diabetes, and periodontitis].
The Surgeon General’s report Oral Health in America (8)
describes that for every adult �18 years without medical
insurance, there are three without dental insurance and, thus,
lists medical insurance as a strong predictor of access to
dental care.Wilper et al. (9) estimated that 16.6 percent of 18-
to 64-year-olds with diabetes were uninsured. Several reports
have shown that uninsured adults experience worse health
outcomes than insured (10), and these negative effects may be
more pronounced among individuals with chronic diseases
(11).

The established link between periodontitis and diabetes
calls for an increased need to study ways to control both dis-
eases, particularly among populations with tremendous dis-
parities for these conditions and, furthermore, generally low
access to healthcare. Therefore, the aim of this report was to
assess periodontal disease progression among Gullah
African-Americans with T2DM according to health insur-
ance status while adjusting for glycemic control, history of
periodontitis, annual household income, and other factors.

Methods

Study population

We extracted data from an ongoing clinical trial of periodon-
tal disease treatment interventions among adult Gullah
African-Americans with T2DM. The clinical trial protocol

was clearly explained to potential subjects and Institutional
Review Board (IRB) approved consent and HIPAA forms
were required for study inclusion. We selected subjects
enrolled from December 2007 through March 2009 who were
previously in a cross-sectional study limited to epidemiologic
data collection (4). This process yielded a longitudinal cohort
(N = 98), with evaluations at baseline (the previous epide-
miologic study) and follow-up (the clinical trial enrollment
examination, prior to treatment interventions). This cohort
was further limited to subjects with non-missing data for
health insurance status and glycated hemoglobin (HbA1c) at
baseline (N = 93). Follow-up time for this sample ranged
from 1.93 to 4.08 years [mean = 3.01, standard deviation
(SD) = 0.38]. The results of the clinical trial (after treatment
interventions) will be presented in a future report.

Clinical trial subject inclusion criteria as well as clinical and
demographic assessments have been described elsewhere
(12). Two calibrated oral examiners (13) performed radio-
graphic and soft-tissue exams and evaluated six sites per
tooth (excluding third molars) for bacterial plaque presence,
periodontal probing depths (PPD), attachment levels (AL),
and bleeding on probing (BOP). Oral health behaviors, such
as frequency of brushing, flossing, and visits to a dentist, were
assessed through a questionnaire administered individually
by study personnel.

Data analyses

All statistical analyses were performed using SAS software,
version 9.2 for XP-Pro, Cary, NC, USA. Analyses for our final
cohort (N = 93) were limited to tooth sites per person with
non-missing data for periodontal measures (AL, PPD, and
BOP) at both baseline and follow-up. Less than 3 percent of
tooth sites from baseline were not measured at follow-up, a
sufficiently small fraction so as to not appreciably affect the
results reported herein. There were 10 231, 10 230, and
10 183 tooth sites with PPD, AL, and BOP measures, respec-
tively, available at both baseline and follow-up (ranging from
24 to 168 tooth sites per person), and these were further
included in our evaluations.

We measured “events” of periodontal disease progression,
which were defined as tooth site changes from baseline to
follow-up resulting in 2+ mm of clinical attachment loss
(CAL), 2+ mm increases in PPD, and emergence of BOP,
evaluated separately. Thresholds for tooth site-level disease
advancement events were selected at levels that were deemed
clinically meaningful and would considerably minimize the
chances of incorrect classifications due to measurement error
(13). After determining whether or not each tooth site had
exceeded this threshold, results for each separate measure
(CAL, PPD, and BOP) were summarized to total events
of tooth site-level disease progression per person. Health
insurance status was measured at baseline and categorized

Health insurance status association with periodontitis progression in a diabetic Gullah population N.M. Marlow et al.

144 Journal of Public Health Dentistry 71 (2011) 143–151 © 2011 American Association of Public Health Dentistry



according to “private” (private health plan and/or the South
Carolina state employees dental plan, without Medicaid or
Medicare), “Medicaid” (any Medicaid enrollment), “Medi-
care” (enrollment in Medicare without Medicaid, with or
without a private health plan supplement and/or the SC state
employee dental plan), and “uninsured” (no health or dental
plan reported). Other covariates (also measured at baseline)
included glycemic control [poor: HbA1c � 7 percent, well:
HbA1c < 7 percent (14)], presence of established periodon-
titis (EP) according to the definition by Machtei et al.
(15) (yes/no), age (years), gender (male/female), smok-
ing status (never/current/past), body mass index (BMI)
(BMI <25 = normal/25-30 = overweight/> 30 = obese/data
missing), annual income (<$5,000/year; $5,000-9,999/year;
$10,000-14,999/year; $15,000-24,999/year; �$25,000/year;

data missing), toothbrushing (�1 time/day; �2 times/day),
flossing (yes/no), and dental visits (�1 time/year; never/only
for problems).

Periodontal disease progression (CAL, PPD, and BOP
events per person), health insurance status, glycemic control,
and all other covariates were first summarized by mean and
SD results (if continuous) or frequency results (if categori-
cal), and results were reported by their overall and health
insurance status-specific distributions (Table 1). We further
used regression techniques appropriate for count data with
different numbers of potential events (e.g., varying tooth sites
available per subject) to compare rates of CAL, PPD, and BOP
events per person by health insurance status. After fitting
univariable Poisson regression models by health insurance,
we determined that it was necessary to account for

Table 1 Characteristics of a Longitudinal Study Population of African-American Gullah with Type 2 Diabetes Mellitus, Overall and by Health Insurance
Status

Variable
All (N = 93) Private* (N = 39) Medicare† (N = 18) Medicaid‡ (N = 14) Uninsured (N = 22)
Mean � SD or N (%) Mean � SD or N (%) Mean � SD or N (%) Mean � SD or N (%) Mean � SD or N (%)

Proportion of sites/person with CAL¶ events§ 11.83% � 12.44% 7.50% � 6.88% 16.81% � 14.88% 13.99% � 12.39% 14.07% � 15.93%
Proportion of sites/person with PPD• events• 8.66% � 10.97% 6.66% � 8.42% 10.16% � 13.18% 8.55% � 9.63% 11.44% � 11.54%
Proportion of sites/person with BOP# events** 23.65% � 17.21% 25.03% � 15.34% 25.88% � 21.11% 16.43% � 14.61% 23.96% � 18.34%
Age at baseline (years) 55.14 � 9.00 53.08 � 9.05 60.28 � 10.43 56.07 � 7.72 54.00 � 7.01
Poor glycemic control at baseline (HbA1c �7%) 61 (65.59%) 27 (69.23%) 10 (55.56%) 10 (71.43%) 14 (63.64%)
Good glycemic control at baseline (HbA1c <7%) 32 (34.41%) 12 (30.77%) 8 (44.44%) 4 (28.57%) 8 (36.36%)
Presence of established periodontitis at baseline 23 (24.73%) 6 (15.38%) 6 (33.33%) 3 (21.43%) 8 (36.36%)
No established periodontitis at baseline 70 (75.27%) 33 (84.62%) 12 (66.67%) 11 (78.57%) 14 (63.64%)
Gender: female 73 (78.49%) 30 (76.92%) 15 (83.33%) 10 (71.43%) 18 (81.82%)
Gender: male 20 (21.51%) 9 (23.08%) 3 (16.67%) 4 (28.57%) 4 (18.18%)
Smoking status: current 8 (8.60%) 2 (9.09%) 1 (5.56%) 3 (21.43%) 2 (9.09%)
Smoking status: past 14 (15.05%) 5 (12.82%) 3 (16.67%) 2 (14.29%) 4 (18.18%)
Smoking status: never 71 (76.34%) 32 (82.05%) 14 (77.78%) 9 (69.29%) 16 (72.73%)
Body mass index (kg/m2): obese (>30) 66 (70.97%) 27 (69.23%) 14 (77.78%) 12 (85.71%) 13 (59.09%)
Body mass index (kg/m2): overweight (25-30) 18 (19.35%) 8 (20.51%) 3 (16.67%) 1 (7.14%) 6 (27.27%)
Body mass index (kg/m2): normal (<25) 5 (5.38%) 3 (7.69%) 0 (0%) 0 (0%) 2 (9.09%)
Body mass index (kg/m2): data missing 4 (4.30%) 1 (2.56%) 1 (5.56%) 1 (7.14%) 1 (4.55%)
Annual household income: <$5,000 9 (9.68%) 0 (0%) 1 (5.56%) 3 (21.43%) 3 (21.43%)
Annual household income: $5,000-9,999 18 (19.35%) 3 (7.69%) 4 (22.22%) 5 (35.71%) 6 (27.27%)
Annual household income: $10,000-14,999 18 (19.35%) 2 (5.13%) 4 (22.22%) 5 (35.71%) 7 (31.82%)
Annual household income: $15,000-24,999 20 (21.51%) 13 (33.33%) 4 (22.22%) 0 (0%) 3 (13.64%)
Annual household income: � $25,000 27 (29.03%) 20 (51.28%) 5 (27.78%) 1 (7.14%) 1 (4.55%)
Annual household income: data missing 1 (1.08%) 1 (2.56%) 0 (0%) 0 (0%) 0 (0%)
Frequency of toothbrushing: � 1 time/day 28 (30.11%) 13 (33.33%) 4 (22.22%) 5 (35.71%) 6 (27.27%)
Frequency of toothbrushing: � 2 times/day 65 (69.89%) 26 (66.67%) 14 (77.78%) 9 (64.29%) 16 (72.73%)
Flossing: no 19 (20.43%) 3 (7.69%) 8 (44.44%) 6 (42.86%) 2 (9.09%)
Flossing: yes 74 (79.57%) 36 (92.31%) 10 (55.56%) 8 (57.14%) 20 (90.91%)
Dental visits: never/only for problems 55 (59.14%) 17 (43.59%) 11 (61.11%) 10 (71.43%) 17 (77.27%)
Dental visits: �1 time/year 38 (40.86%) 22 (56.41%) 7 (38.89%) 4 (28.57%) 5 (22.73%)

* Private insurance, without Medicare or Medicaid coverage.
† Medicare without Medicaid coverage.
‡ Any Medicaid coverage.
¶ Clinical attachment loss.
§ CAL �2 mm.
• Periodontal probing depths.
• PPD increased by �2 mm.
# Bleeding on probing.
** Emergence of BOP.
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overdispersion. If the ratio of the Poisson regression model
deviance to its degrees of freedom (d.f.) is much larger than 1,
then variability beyond that consistent with the Poisson dis-
tribution is implied (16). For our fitted univariable Poisson
regression models by health insurance, the deviance/d.f.
ratios included 10.11 for CAL events, 10.44 for PPD events,
and 11.20 for BOP events. In the case of overdispersion, nega-
tive binomial (NB) regression methods can be used to allow
greater flexibility in modeling the relationship between the
mean and variance of Yi (16). For the NB distribution, Var
(Yi) = m + k m2, where k is an additional model parameter. We
fit NB models using PROC GENMOD in SAS, which reports
k as the “dispersion” parameter; this resulted in adequate
correction for overdispersion (deviance/d.f. for univariable
NB models by health insurance: CAL events = 1.20, PPD
events = 1.18, BOP events = 1.18) (16).

Three separate series of multivariable NB models were
produced according to each measure (CAL, PPD, and BOP
events per person). Predictors other than insurance status
and any determined confounders were successively removed
through a process of backward elimination based on P values
of the estimated regression coefficients (removing those with
P > 0.05). The final three models included insurance status,
determined confounders, and all other predictors that
showed significant associations with the respective progres-
sion measure. The estimated regression coefficients from
these final models were used to calculate covariate-adjusted
rate ratios (RR) and associated 95 percent CI for progression
events (CAL, PPD, and BOP) per person (16).

Results

Table 1 provides descriptive statistics for the study popula-
tion as a whole and by health insurance status. Privately
insured were most prevalent (41.94 percent), followed
by uninsured (23.66 percent), Medicare-insured (19.35
percent), and Medicaid-insured (15.05 percent). Poorly con-
trolled diabetes at baseline (65.59 percent) was more preva-
lent than well-controlled (34.41 percent). Most had no EP at
the baseline examination (75.27 percent), yet these results
varied greatly according to health insurance status, with 84.62
percent among privately insured, 78.57 percent among
Medicaid-insured, 66.67 percent among Medicare-insured,
and 63.64 percent among uninsured. The proportion of tooth
sites/person with CAL events ranged from 0 to 58.82 percent
(11.83 percent � 12.44 percent), while similar proportions of
PPD events ranged from 0 to 44.23 percent (8.66 per-
cent � 10.97 percent) and BOP events ranged from 0 to 95.83
percent (23.65 percent � 17.21 percent). Results for CAL and
PPD events also varied greatly according to health insurance
status, with respective means of 14.07 percent and 11.44
percent among uninsured compared to 7.50 percent and 6.66
percent among privately insured.

Patient age ranged from 34 to 77 years (55.14 � 9.00). Few
were within normal range for BMI (5.38 percent), followed by
those who were overweight (19.35 percent) and those who
were obese (70.97 percent). Females (78.49 percent) were
more prevalent that males (21.51 percent), consistent with
previously reported gender-related participation rate differ-
ences for studies involving the Gullah population (17). Most
reported no history of smoking (76.34 percent), followed by
past (15.05 percent) and current (8.6 percent) smokers.
Annual household incomes were generally low, with 9.68
percent reporting <$5 000; 19.35 percent reporting $5,000-
9 999; 19.35 percent reporting $10,000-14 999; 21.51 percent
reporting $15,000-24 999; and 29.03 percent reporting
�$25,000. The majority reported good daily oral hygiene
habits, including flossing (79.57 percent) and toothbrushing
�2 times/day (69.89 percent); yet, less than half reported vis-
iting a dentist at least once annually (40.86 percent).

The final CAL model showed that rates of CAL events per
person were significantly associated with health insurance
status (Table 2). Relative to privately insured groups, rates
of CAL events were significantly higher for uninsured
(RR = 1.75, 95 percent CI = 1.04-2.94) and for Medicare-
insured (RR = 1.90, 95 percent CI = 1.09-3.30). Yet, margin-
ally increased rates of CAL events were observed among
Medicaid-insured compared to privately insured (RR = 1.89,
95 percent CI = 0.98-3.63, P = 0.06) (Table 2). Additionally,
subjects with history of EP (RR = 1.92, 95 percent CI = 1.31-
2.83) and those who were older (RR = 1.04, 95 percent
CI = 1.02-1.06), obese (RR = 4.12, 95 percent CI = 1.81-
9.41), overweight (RR = 2.88, 95 percent CI = 1.17-7.08), and
“past” smokers (RR = 1.83, 95 percent CI = 1.17-2.88) had
significantly increased rates of CAL events (Table 2).

The final PPD model showed that rates of PPD events per
person were not significantly associated with health insur-
ance status (Table 3). Rates of PPD events were significantly
lower for females (RR = 0.45, 95 percent CI = 0.26-0.80). Yet,
rates were significantly higher for subjects with history of EP
(RR = 2.26, 95 percent CI = 1.39-3.68) and those who were
older (RR = 1.03, 95 percent CI = 1.004-1.06) and obese
(RR = 2.76, 95 percent CI = 1.02-7.43) (Table 3).

The final BOP model showed that rates of BOP events per
person were not significantly associated with health insur-
ance status (Table 4). However, rates of BOP events were sig-
nificantly lower for those with no history of EP (RR = 0.69, 95
percent CI = 0.49-0.97) (Table 4).

Discussion

Despite the links between periodontal disease and diabetes,
recent reports have shown that dentate adults with diabetes
are less likely to seek dental care than those without diabetes
(7,18). Some have hypothesized that periodontitis acts as a
deterrent to dental care due to the potential discomforts and
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expenses related to periodontal therapy. Macek and Tomar
(7) found that diabetes and periodontitis status were inde-
pendent predictors of dental care visits in the preceding year
among dentate adults, with each diseased group showing
negative associations; however, there was no significant inter-
action between these two variables, meaning the associations
between diabetes and dental care visits were consistent for
both those with and without periodontitis. The authors sug-
gested that dental care patterns among dentate adults with
diabetes are associated with indirect factors, such as lack of
knowledge concerning the relationship between oral health
and diabetes management, negative attitudes concerning the
healthcare system, and the various competing healthcare
costs related to diabetes (7).

Healthcare costs can be considerable hindrances for
patients with diabetes and inadequate or no health insurance
coverage. As such, these individuals may not be able to main-
tain the health-enhancing behaviors, including dental care,
needed to most effectively manage their disease and prevent
or treat diabetes-related complications, such as periodontal
disease. Wilper et al. (9) found that uninsured patients with
diabetes were significantly more likely than insured to report

no standard site for care when they were sick (9.3 percent
versus 1.8 percent, respectively, P < 0.01, controlling for sex,
race/ethnicity, and age) as well as no visits to a health profes-
sional in the past 12 months (11.6 percent versus 2.0 percent,
respectively, P = 0.03, controlling for sex, race/ethnicity, and
age). Medical insurance coverage is also strongly related to
access to dental care (8), and Wamala et al. (19) suggested that
better access to dental care could eliminate or significantly
decrease socioeconomic-related oral health disparities.

A previous longitudinal study of patients who received
high-cost dental care within the Swedish National Dental
Insurance System showed low progression of severe peri-
odontal disease during a 20-year follow-up, indicating that
receipt of dental care decreased patient level of dental disease
(20). The US Medicare system does not cover routine dental
care or most dental procedures (e.g., cleanings, fillings, tooth
extractions, dentures). Furthermore, South Carolina Medic-
aid (21) only pays for emergency dental services among
recipients ages �21 years. Hanson and Persson (22) assessed
the use of dental services and behavioral beliefs in relation to
dental diseases of a Medicaid-eligible adult population in
Kitsap County, WA, and concluded that the primary barriers

Table 2 Results from Multivariable Negative Binomial Regression Models for the Relationship Between Health Insurance Status and Counts of Tooth
Sites with Clinical Attachment Loss (CAL) Events (CAL �2 mm) among a Longitudinal Study Population of Gullah African-Americans with Diabetes
(N = 93)

Variable

Full model results (Deviance/d.f. = 1.46)
(AIC = 634.38)

Final model results (Deviance/d.f. = 1.40)
(AIC = 628.42)

b SE P b SE P RR

RR 95% CI

LL UL

Intercept -5.93 0.77 <0.01 -5.88 0.71 <0.01 – – –
Uninsured 0.63 0.29 0.03* 0.64 0.28 0.02* 1.75 1.04 2.94
Any Medicaid coverage (Medicaid) 0.63 0.34 0.06 0.63 0.33 0.06 1.89 0.98 3.63
Medicare without Medicaid coverage (Medicare) 0.56 0.27 0.04* 0.56 0.26 0.03* 1.90 1.09 3.30
Poor glycemic control at baseline (HbA1c �7%) 0.00 0.18 0.98 – – – – – –
Presence of established periodontitis at baseline 0.65 0.20 <0.01* 0.65 0.20 <0.01* 1.92 1.31 2.83
Age at baseline (years) 0.04 0.01 <0.01* 0.04 0.01 <0.01* 1.04 1.02 1.06
Gender: female -0.49 0.23 0.03* -0.50 0.21 0.02* 0.61 0.40 0.92
Body mass index (kg/m2): obese (>30) 1.42 0.44 <0.01* 1.42 0.42 <0.01* 4.12 1.81 9.41
Body mass index (kg/m2): overweight (25-30) 1.07 0.46 0.02* 1.06 0.46 0.02* 2.88 1.17 7.08
Body mass index (kg/m2): data missing -0.90 0.75 0.23 -0.92 0.74 0.21 0.40 0.09 1.70
Smoking status: current -0.01 0.36 0.97 -0.02 0.35 0.95 0.98 0.50 1.93
Smoking status: past 0.61 0.23 0.01* 0.61 0.23 0.01* 1.83 1.17 2.88
Annual household income: <$5,000 -0.30 0.41 0.46 -0.28 0.40 0.48 0.75 0.34 1.64
Annual household income: $5,000-9,999 -0.25 0.31 0.41 -0.25 0.31 0.42 0.78 0.42 1.43
Annual household income: $10,000-14,999 -0.25 0.32 0.43 -0.25 0.31 0.42 0.78 0.43 1.43
Annual household income: $15,000-24,999 -0.36 0.26 0.17 -0.36 0.25 0.14 0.70 0.43 1.13
Annual household income: data missing -0.84 0.93 0.37 -0.85 0.92 0.36 0.43 0.07 2.59
Frequency of toothbrushing: �1 time/day -0.01 0.21 0.98 – – – – – –
Flossing: no -0.30 0.26 0.25 -0.28 0.23 0.23 0.75 0.48 1.19
Dental visits: never/only for problems 0.04 0.20 0.85 – – – – – –
Dispersion parameter 0.44 0.08 – 0.44 0.08 – – – –

* P � 0.05.
CI, confidence interval; LL, lower limit; RR, rate ratio; SE, standard error; UL, upper limit.
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to the utilization of dental services in their low-income Med-
icaid population included: a) a preoccupation with other
daily issues, financial being the greatest; b) an attitude of
waiting for a problem to occur before seeking dental care; and
c) tooth extraction as the solution or only available treatment
option. Our results reported herein showed disparities in
chronic periodontal disease progression among those
without private health insurance. We observed significantly
(P < 0.05) increased rates of CAL events among the unin-
sured (RR = 1.75) and Medicare-insured (RR = 1.90), and
marginally (P = 0.06) increased rates of CAL events among
the Medicaid-insured (RR = 1.89).

Smokers have six to seven times more alveolar bone loss
than nonsmokers in studies in the United States and other
countries (18,23,24). Final models showed that “past”
smokers had significantly increased rates of CAL events
(RR = 1.83), while no significance was found among
“current” smokers for CAL events, perhaps due to the small
sample in this group or from the limited longitudinal aspect
of the study. Poor oral health care has traditionally been
linked to lower socioeconomic status (25,26), which is consis-
tent with our results for those without private health insur-

ance. In addition, our final models for CAL and PPD events
included annual household income as a confounder for the
health insurance status associations. Results also showed sig-
nificantly increased rates of CAL (RR = 4.12) and PPD events
(RR = 2.76) among those who were obese, and significantly
increased CAL events (RR = 2.88) among those who were
overweight. These results are consistent with reports from
Wood et al. (27) and Khader et al. (28) reporting that CAL
and PPD, as indicators of periodontal disease, were correlated
with increased BMI. Studies have also shown that periodontal
disease prevalence and severity increases with age, as do other
systemic disease conditions such as diabetes, heart disease,
and obesity. It is apparent that aging is associated with
changes that lead to a progressive, irreversible deterioration
of tissues and organs (29), and we observed that rates of CAL
events significantly increased by 4 percent with every year
increase in age.

The results of this report may be limited in their generaliz-
ability as they may only apply to this specific population
living in the Sea Islands of South Carolina. Our study popula-
tion is also limited to subjects with T2DM, and those with
well-controlled diabetes served as controls for the poorly

Table 3 Results from Multivariable Negative Binomial Regression Models for the Relationship between Health Insurance Status and Counts of Tooth
Sites with Probing Pocket Depth (PPD) Events (PPD Increases �2 mm) among a Longitudinal Study Population of Gullah African-Americans with Diabetes
(N = 93)

Variable

Full model results (Deviance/d.f. = 1.43)
(AIC = 605.33)

Final model results (Deviance/d.f. = 1.34)
(AIC = 597.67)

b SE P b SE P RR

RR 95% CI

LL UL

Intercept -5.23 0.95 <0.01 -4.88 0.87 <0.01 – – –
Uninsured 0.47 0.35 0.18 0.50 0.35 0.15 1.65 0.83 3.27
Any Medicaid coverage (Medicaid) 0.21 0.44 0.63 0.21 0.42 0.61 1.24 0.54 2.85
Medicare without Medicaid coverage (Medicare) 0.04 0.35 0.91 0.05 0.33 0.89 1.05 0.55 2.00
Poor glycemic control at baseline (HbA1c �7%) -0.07 0.23 0.77 – – – – – –
Presence of established periodontitis at baseline 0.77 0.25 <0.01* 0.82 0.25 <0.01* 2.26 1.39 3.68
Age at baseline (years) 0.04 0.01 0.01* 0.03 0.01 0.02* 1.03 1.00 1.06
Gender: female -0.69 0.32 0.03* -0.79 0.29 0.01* 0.45 0.26 0.80
Body mass index (kg/m2): obese (>30) 1.00 0.53 0.06 1.01 0.51 0.05* 2.76 1.02 7.43
Body mass index (kg/m2): overweight (25-30) 0.41 0.56 0.47 0.44 0.54 0.42 1.55 0.54 4.49
Body mass index (kg/m2): data missing -1.31 0.91 0.15 -1.45 0.84 0.08 0.24 0.05 1.21
Smoking status: current 0.01 0.50 0.98 – – – – – –
Smoking status: past 0.38 0.30 0.20 – – – – – –
Annual household income: <$5,000 0.01 0.52 0.98 0.18 0.51 0.72 1.20 0.45 3.23
Annual household income: $5,000-9,999 -0.08 0.39 0.84 -0.08 0.39 0.85 0.93 0.43 2.01
Annual household income: $10,000-14,999 -0.20 0.41 0.63 -0.10 0.40 0.81 0.91 0.42 1.98
Annual household income: $15,000-24,999 -0.02 0.35 0.95 0.08 0.32 0.81 1.08 0.58 2.00
Annual household income: data missing 0.22 1.05 0.83 0.19 1.04 0.85 1.21 0.16 9.21
Frequency of toothbrushing: �1 time/day 0.07 0.29 0.81 – – – – – –
Flossing: no -0.22 0.36 0.54 -0.12 0.31 0.70 0.89 0.48 1.63
Dental visits: never/only for problems 0.17 0.27 0.53 – – – – – –
Dispersion parameter 0.74 0.13 – 0.76 0.13 – – – –

* P � 0.05.
CI, confidence interval; LL, lower limit; RR, rate ratio; SE, standard error; UL, upper limit.
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controlled. Additionally, our study design limits interpreta-
tions of temporal relationships among measures recorded at
baseline, such as health insurance status, EP, diabetes, and
BMI. A prospective cohort study, including a nondiseased
population (i.e., no diabetes, normal BMI, and no EP) per
each health insurance group, may address this problem. Our
observed associations could also in part be due to common
lifestyle characteristics that make individuals more prone to
all three diseases. Still, our results showed that health insur-
ance status was significantly associated with longitudinal
progression of chronic periodontal disease. Likewise, we
observed significant associations for BMI status with rates of
CAL and PPD events independent of health insurance status.

Strengths of this report include an opportunity to study
periodontal disease progression among subjects with T2DM
and no recent antibiotic treatment, given that the eligibility
criteria for the clinical trial (from which we extracted the
follow-up visit for our cohort) included no antibiotics
received within 6 months prior to enrollment. Furthermore,
this study population is especially suitable for our objectives
given the increased risks for T2DM among the Gullah and the

profoundly high prevalence of periodontitis among the
Gullah with T2DM. Analyses involving this distinct, homog-
enous population (e.g., substantially low non-African genetic
admixture and significant preservation of their African cul-
tural heritage) provide further support to the clinical rel-
evance of Gullah-related study findings. The data analyzed
for this report are also very comprehensive, from the subject
level to the tooth site level, and this allowed adjustments for
key potential confounders (including glycemic control,
annual household income, smoking status, age, BMI, and oral
hygiene behaviors).

In conclusion, the results reported herein suggest that
increased access to healthcare, including dental services, may
achieve a reduction in chronic periodontal disease progres-
sion (as determined by CAL) for this study population. These
results are very timely given the March 2010 passing of the US
healthcare reform bills. Research has shown profound rela-
tionships between oral health and overall systemic health,
and the American Association for Dental Research has called
for policy changes that will include prevention, diagnosis, and
treatment of oral diseases.

Table 4 Results from Multivariable Negative Binomial Regression Models for the Relationship between Health Insurance Status and Counts of Tooth
Sites with Bleeding on Probing (BOP) Events (BOP emergence) among a Longitudinal Study Population of Gullah African-Americans with Diabetes
(N = 93)

Variable

Full model results (Deviance/d.f. = 1.44)
(AIC = 790.33)

Final model results (Deviance/d.f. = 1.29)
(AIC = 775.47)

b SE P b SE P RR

RR 95% CI

LL UL

Intercept -1.50 0.70 0.03 -1.20 0.14 <0.01 – – –
Uninsured 0.10 0.25 0.70 0.12 0.24 0.61 1.13 0.70 1.81
Any Medicaid coverage (Medicaid) -0.37 0.31 0.23 -0.39 0.29 0.18 0.67 0.38 1.19
Medicare without Medicaid coverage (Medicare) 0.10 0.24 0.67 0.09 0.21 0.66 1.10 0.72 1.66
Poor glycemic control at baseline (HbA1c �7%) 0.06 0.16 0.71 – – – – – –
Presence of established periodontitis at baseline -0.34 0.18 0.05 -0.37 0.17 0.03* 0.69 0.49 0.97
Age at baseline (years) 0.00 0.01 0.79 – – – – – –
Gender: female 0.30 0.21 0.14 – – – – – –
Body mass index (kg/m2): obese (>30) -0.19 0.38 0.61 – – – – – –
Body mass index (kg/m2): overweight (25-30) -0.19 0.40 0.64 – – – – – –
Body mass index (kg/m2): data missing -0.37 0.56 0.52 – – – – – –
Smoking status: current 0.46 0.31 0.14 0.30 0.27 0.28 1.35 0.79 2.31
Smoking status: past 0.10 0.23 0.67 0.04 0.21 0.84 1.04 0.69 1.58
Annual household income: <$5,000 -0.53 0.37 0.15 -0.39 0.33 0.25 0.68 0.35 1.31
Annual household income: $5,000-9,999 -0.43 0.26 0.10 -0.34 0.25 0.17 0.71 0.44 1.16
Annual household income: $10,000-14,999 -0.35 0.28 0.21 -0.23 0.26 0.38 0.80 0.48 1.32
Annual household income: $15,000-24,999 -0.42 0.23 0.07 -0.34 0.21 0.11 0.71 0.47 1.08
Annual household income: data missing -1.10 0.76 0.15 -1.15 0.73 0.12 0.32 0.08 1.33
Frequency of toothbrushing: �1 time/day 0.10 0.19 0.60 – – – – – –
Flossing: no -0.05 0.24 0.84 – – – – – –
Dental visits: never/only for problems 0.17 0.20 0.38 – – – – – –
Dispersion parameter 0.42 0.07 – 0.43 0.07 – – – –

* P � 0.05.
CI, confidence interval; LL, lower limit; RR, rate ratio; SE, standard error; UL, upper limit.
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