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ABSTRACT

Objective. We examined disparities in periodontal disease in U.S. adults 
according to age, sex, race/ethnicity, country of birth, education, income, and 
poverty-income ratio within and between the third National Health and Nutri-
tion Examination Survey (NHANES III, 1988–1994) and NHANES 1999–2004. 

Methods. We assessed disparities and changes therein using prevalence dif-
ferences and ratios, as well as the Symmetrized Theil Index (STI). While these 
measures document disparities between pairs of population subgroups, and 
changes in relative disparities between surveys, the STI is a summary measure 
of health disparities that also tracks between-group disparities relative to the 
total population. 

Results. Prevalence differences and ratios for the prevalence of periodontitis, 
the mean pocket depth (PD), and the mean clinical attachment loss (CAL) 
suggest that periodontal disease significantly decreased between NHANES 
III and NHANES 1999–2004 (p0.01). However, the STI for the prevalence of 
periodontitis suggests that disparities significantly increased within categories 
of race/ethnicity, country of birth, and education in NHANES 1999–2004 
compared with NHANES III. These findings were corroborated for mean PD 
and mean CAL (p0.001): the overall STI significantly increased for mean PD 
from 4.53% in NHANES III to 11.02% in NHANES 1999–2004 and for mean 
CAL for teeth with CAL 0 from 31.73% in NHANES III to 43.36% in NHANES 
1999–2004. 

Conclusions. Our findings suggest that inequalities in periodontal disease 
significantly decreased between NHANES III and NHANES 1999–2004 in the 
total population and across selected characteristics of the population. How-
ever, these inequalities increased within groups of the population in NHANES 
1999–2004 compared with NHANES III. These findings call attention to the 
absolute and relative differences not only between population groups across 
surveys, but also within population groups within and between surveys. 
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Disparities in the prevalence of periodontitis in the 
United States are pervasive.1–19 These disparities have 
been documented according to age, sex, race/ethnic-
ity, country of birth, education, and income, as well as 
over time.3,5,15–17,19–25 For example, a higher prevalence 
of periodontal disease is found in older adults, men, 
African Americans, those with fewer years of educa-
tion, and those with lower incomes.15,16,19,24,25 In fact, 
the Surgeon General’s 2000 report on oral health, 
Oral Health in America,24 not only underscored the 
importance of oral health, but also called attention 
to disparities in the oral health status of the American 
population. Such health disparities have provided the 
impetus for an extensive body of research to focus on 
measurement issues across groups of the population 
as well as over time.26–35 

While traditional measures such as prevalence differ-
ences and ratios are useful, other methods to measure 
health disparities provide additional insight into these 
disparities. For instance, the prevalence differences and 
ratios improve our understanding of health inequalities 
between the overall (or a reference) population and 
categories of selected characteristics of the population 
at one point in time and/or over time. However, these 
measures tell us little or nothing regarding how these 
inequalities are affected by the distribution of disease 
in the population and/or the size of the population 
groups. Summary measures of health disparities such 
the Theil Index (TI) and Mean Log Deviation (MLD)36 
help account for these issues, though the TI and MLD 
require a value judgment as to whether pairwise dispari-
ties—for example, between each population subgroup 
and the “best-off” group—should be weighted by the 
groups’ shares of the adverse health outcome under 
investigation (TI) or by the groups’ population shares 
(MLD).37 To integrate these two summary measures 
into a single index, a recent study has proposed the 
Symmetrized Theil Index (STI), representing the 
average of TI and MLD.38 Unlike the TI and MLD, the 
STI is symmetric and avoids the aforementioned value 
judgment from which the TI and MLD suffer, while 
accounting for both groups’ share of the disease and 
their population size.39 

Because the third National Health and Nutrition 
Examination Survey (NHANES III, 1988–1994) and 
NHANES 1999–2004 used the same periodontal exami-
nation protocol, the availability of these data affords the 
opportunity to compare the prevalence of periodontitis 
between NHANES III and NHANES 1999–2004. Thus, 
we examined disparities in periodontal disease in U.S. 
adults according to age, sex, race/ethnicity, country 
of birth, education, income, and poverty-income ratio 
(PIR) within and between surveys using prevalence 

differences and ratios, as well as the STI. Specifically, 
the disparities in the prevalence of periodontitis, the 
mean pocket depth (PD), and mean clinical attach-
ment loss (CAL) were examined and discussed in the 
context of these measures. 

METHODS 

Data for this analysis came from public-use data files 
from the NHANES III (Adult and Examination files) 
and the NHANES 1999–2004 (Demographic, Question-
naire, and Examination files). NHANES III, conducted 
from 1988 to 1994, represents the seventh in a series 
of national examination studies in the U.S. NHANES 
1999–2004 represents the ongoing collection of the 
NHANES from March 1999 to December 2004. Both 
surveys assessed the health status of a nationally rep-
resentative sample of the civilian noninstitutionalized 
U.S. population, selected through a stratified multi-
stage probability sampling design. Full descriptions 
of the sample design and methodology for NHANES 
III40,41 and NHANES 1999–200442 have been reported 
elsewhere. 

NHANES III yielded 18,825 records for adults aged 
20 years and older, of whom 11,917 had a complete 
periodontal examination. NHANES 1999–2004 yielded 
15,332 records for adults aged 20 years and older, of 
whom 10,044 had a complete periodontal examination. 
However, 118 records did not have information on PD 
and/or CAL, yielding an analytical sample of 9,926. 

Dentists trained according to the NHANES exami-
nation protocol conducted the periodontal exami-
nations.43–45 Briefly, the periodontal examination is 
conducted in two sites, midbuccal and mesiobuccal 
for each tooth, in two randomly chosen quadrants, 
one maxillary and one mandibular, on the assumption 
that conditions in these two quadrants would represent 
the mouth. Third molars are excluded because of their 
frequent extraction in young adulthood, so a maximum 
of 14 teeth and 28 sites per individual are examined. 
Previous studies used several combinations of CAL and 
PD to establish periodontitis case definitions.18,19,46,47 
Consistent with a previous study examining trends in 
oral health in the U.S.,25 we defined periodontitis as 
having at least one site with PD 4 millimeters (mm) 
and at least one site with CAL 3 mm. However, these 
conditions did not have to be present in the same tooth. 
In addition, we examined PD and CAL as continuous 
variables to ascertain inequalities in the severity of 
periodontal disease in U.S. adults.

We selected age, sex, race/ethnicity, country of 
birth, education, income, and PIR as characteristics 
for analysis because, in the U.S., oral health disparities 
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have already been documented for these characteristics 
over time.3,5,15–17,20–25 In NHANES III, race/ethnicity was 
self-reported by the survey participants and recoded 
as non-Hispanic white, non-Hispanic black or African 
American, Mexican American, and other. In NHANES 
1999–2004, the “other” category included multiracial 
and an additional category of “other Hispanic.” (Here-
after, non-Hispanic black and non-Hispanic white are 
referred to as black and white, respectively.) For our 
analysis, we recoded country of birth as U.S.-born 
(born in the 50 U.S. states or Washington, D.C.) and 
foreign-born (born in Mexico or elsewhere). 

In NHANES III, education was collected as a numeri-
cal variable (number of years of education) from zero 
to 17 years. We categorized education as follows: 12 
years, 12 years, and 12 years. In NHANES 1999–2004, 
this variable was recoded with the same categories as 
the ones created for NHANES III. In NHANES III, the 
total 12-month family income was recorded using incre-
ments of $1,000 until the last category of $50,000. 
In NHANES 1999–2004, this variable was recorded 
using increments of $5,000 until the last category of 
$75,000. In our analysis, we adjusted income for 
inflation using the Consumer Price Index48 and then 
categorized it as low, medium, or high. While not 
exact, this procedure provided us with a comparison 
between the categories $14,999, $15,000–$24,999, 
and $25,000 (respectively) in NHANES III and the 
categories $19,999, $20,000–$44,999, and $45,000 
(respectively) in NHANES 1999–2004. 

In addition to income, we also examined the PIR, 
which was calculated as a continuous variable in both 
surveys using eligibility in the U.S. Department of 
Agriculture food assistance program (i.e., Special 
Supplemental Nutrition Program for Women, Infants 
and Children [WIC]; Food Stamp Program; and school 
lunch and breakfast programs).49,50 For our analysis, we 
recoded PIR as follows: 0.000–1.850 (low), 1.851–3.500 
(medium), and 3.501 (high). Survey respondents 
without information on education, income, or PIR were 
included in the analysis as a separate category. Finally, 
although these variables were coded as ordinal, they 
were treated as nominal in our analyses.

Statistical analysis 
For each survey (NHANES III and NHANES 1999–
2004), prevalence of periodontitis, mean PD and 
CAL, and group-specific as well as between-group STI 
values and their standard errors for selected sociode-
mographic characteristics are presented for U.S. 
adults. Disparities in periodontitis were assessed using 
prevalence differences and ratios within and between 
surveys for each characteristic’s categories using t-tests 

as well as Pearson’s and Cochran-Mantel-Haenszel 
Chi-square statistics. In addition, we assessed statistical 
differences for between-group STI (STIB) values, as well 
as differences over time, using simple t-tests, with a 
Bonferroni adjustment for multiple comparisons when 
necessary. For dichotomous data, such as prevalence 
of periodontal disease, STIB behaves in a similar way 
to the Pearson’s Chi-square statistic (c2) for testing 
the independence of an individual’s disease status and 
that individual’s characteristic or group. For continu-
ous data, such as severity of periodontal disease (i.e., 
mean PD and mean CAL), STIB can be interpreted in 
a manner akin to the between-group sum-of-squares 
(SSB) in an analysis-of-variance decomposition, which 
examines the difference of each group from the popu-
lation mean. Yet, STIB is more sensitive than either c2 
or SSB in detecting disparities relative to the population 
prevalence or mean.38 

We used SAS® version 9.2 for data management 
procedures.51 The statistical analyses were conducted in 
R,52 using the “survey” package,53,54 and in SUDAAN.55 
Both statistical software programs take into account 
the complex sampling design. R code for comput-
ing the STI, their group-specific and between-group 
components in grouped data, and their design-based 
standard errors can be accessed at http://stat.hunter 
.cuny.edu/talih. This code can be used in R or in SAS 
through the SAS/IML® Studio 3.2.51

RESULTS

The overall prevalence of periodontal disease sig-
nificantly decreased by 7.1% (or an actual percentage 
decrease of 44.0%) between NHANES III (16.1%) 
and NHANES 1999–2004 (9.0%; p0.01; Table 1). 
Moreover, while the prevalence of periodontal dis-
ease decreased across all covariates between surveys, 
periodontal disease remained most common within 
survey among those aged 35 years and older, men, 
black people, Mexican American people, those with 
12 years of education, those with low incomes, and 
those with a PIR 1.85 (p0.01 for all Chi-square tests 
of independence). 

Similarly, the overall mean PD significantly 
decreased by 0.43 mm between NHANES III (1.45 mm) 
and NHANES 1999–2004 (1.02 mm; p0.01 for t-test; 
Table 2). A decrease in the mean PD between surveys 
was observed across age, sex, race/ethnicity, country 
of birth, education, income, and PIR characteristics 
(p0.01 for all t-tests). Within survey, the mean PD 
remained higher among men, racial/ethnic groups 
other than white, foreign-born individuals, those with 
12 years of education, those with low incomes, and 
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those with a PIR 1.85 (p0.05 for all t-tests). In 
NHANES 1999–2004, those older than 35 years of age 
suffered from a higher mean PD than those 20–34 years 
of age. Finally, the mean CAL significantly decreased 
by 0.20 mm between NHANES III (0.98 mm) and 
NHANES 1999–2004 (0.79 mm; p0.01 for t-test; Table 
3). A decrease in mean CAL was observed consistently 
across all covariates (p0.05 for all t-tests). In general, 
the mean CAL remained higher among adults aged 35 
years and older, men, black people, other multiracial 
people, foreign-born individuals, those with at least 12 
years of education, those with low incomes, and those 
with a PIR 1.85 (all p-values 0.01).

Consistent with the findings reported in Table 1, 
the between-group STI (STIB) for the prevalence of 
periodontal disease suggests statistically significant 
differences for comparison among groups of age, sex, 
race/ethnicity, education, income, and PIR within sur-
vey, with values ranging from 2.21% for sex to 6.47% 
for education in NHANES III, and 3.41% for sex to 
8.94% for age in NHANES 1999–2004 (Table 4). This 
finding was also true for country of birth in NHANES 
1999–2004, with a statistically significant STIB of 2.36%. 
Further, while the prevalence of periodontal disease 
appeared to decrease between surveys and between 
groups of the population (Table 1), the comparisons of 
STIB between surveys (Table 4) were statistically signifi-
cant for race/ethnicity, country of birth, and income 
(all p-values 0.05), suggesting that inequalities across 
groups within these characteristics have increased in 
NHANES 1999–2004 compared with NHANES III.

Table 4 also shows the overall and between-group 
STI for the mean PD and CAL. The overall STI for PD 
significantly increased from 4.53% in NHANES III to 
11.02% in NHANES 1999–2004 (p0.001), underscor-
ing an increase in disparities among those with peri-
odontal disease within NHANES 1999–2004. Consistent 
with findings from Table 2, in both surveys, sex, race/
ethnicity, education, income, and PIR explained a sig-
nificant portion of the overall inequality in PD, with 
the proportion of the overall STI corresponding to its 
between-group component STIB ranging from 2.15% 
of the total for PIR in NHANES 1999–2004 to 4.45% 
of the total for education in NHANES III. Finally, the 
comparisons of STIB between surveys for mean PD were 
statistically significant for age, sex, race/ethnicity, and 
education (all p-values 0.05), suggesting that inequali-
ties have increased in NHANES 1999–2004 compared 
with NHANES III for these sociodemographic groups. 

Similarly, for the mean CAL for teeth with CAL 0, 
the overall STI significantly increased from 31.73% 
in NHANES III to 43.36% in NHANES 1999–2004 
(p0.001). Within surveys, age, sex, race/ethnicity, 

education, income, and PIR explained a significant 
portion of the overall inequality, with the proportion 
of the overall STI corresponding to its between-group 
component STIB ranging from 0.51% for race/ethnic-
ity to 20.52% for age in NHANES 1999–2004. Finally, 
inequalities for mean CAL across groups of age, edu-
cation, income, and PIR have significantly increased 
between surveys as indicated by the STIB between 
surveys (all p-values 0.05; Table 4).

DISCUSSION

Our findings suggest that inequalities in periodontal 
disease significantly decreased between NHANES III 
and NHANES 1999–2004 in the total population and 
across selected characteristics of the population when 
using the prevalence differences and ratios indepen-
dent of the periodontal measure used—prevalence of 
periodontitis (a combination of PD and CAL), mean 
PD, or mean CAL. However, the STIB suggests that these 
inequalities increased within groups of the popula-
tion in NHANES 1999–2004 compared with NHANES 
III. Specifically, statistically significant increases were 
observed for the prevalence of periodontitis across 
groups of race/ethnicity, country of birth, and income 
in NHANES 1999–2004 as compared with NHANES III. 
This increase was also observed for the overall STI for 
the mean PD and mean CAL: statistically significant 
increases were observed for STIB for the mean PD 
among groups within age, sex, race/ethnicity, and 
education, whereas the STIB for the mean CAL signifi-
cantly increased between surveys for age, education, 
income, and PIR groups. 

While our findings cannot be directly compared with 
previous studies, the findings for the prevalence differ-
ences and ratios are consistent with previous reports 
of changes in periodontal disease between NHANES 
III and NHANES 1999–2004.14,16,19,25 For instance, Dye 
et al.25 reported significant absolute decreases in the 
prevalence of periodontitis as well as the mean PD 
and mean CAL between NHANES III and NHANES 
1999–2004. These findings were observed across age 
groups, sex, race/ethnicity, education, and poverty. 
Consistent with these findings, our study found that 
the prevalence of periodontal disease, the mean PD, 
and the mean CAL significantly decreased between 
surveys for age groups, sex, race/ethnicity, educa-
tion, income, and PIR (Tables 1–3). Similarly, using 
data from NHANES III and NHANES 1999–2000 
to examine racial/ethnic disparities, Borrell et al.16 
found that the overall prevalence of periodontal dis-
ease decreased between NHANES III and NHANES 
1999–2000. However, the racial/ethnic disparities have 
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Table 4. Symmetrized Theil Index for disparities in the prevalence and severity of periodontal disease  
among U.S. adults 20 years of age and older for selected sociodemographic characteristics:  
NHANES III (1988–1994) and NHANES 1999–2004 

Characteristic

NHANES III NHANES 1999–2004

STIa (95% CI)b
Percent  
of totalc STIa,d (95% CI)b

Percent  
of totalc

Prevalence of periodontal disease
Overall NA NA NA NA
Age 5.71 (3.37, 8.05) NA 8.94 (5.86, 12.01) NA
Sex 2.21 (0.87, 3.55) NA 3.41 (1.61, 5.20) NA
Race/ethnicity 2.74 (1.03, 4.46) NA 8.05e (4.82, 11.28) NA
Country of birth 0.09 (–0.17, 0.35) NA 2.36f (0.59, 4.12) NA
Education 6.47 (4.18, 8.75) NA 8.14 (5.01, 11.28) NA
Income 2.50 (0.97, 4.03) NA 5.64f (3.00, 8.29) NA
Poverty-income ratio 3.45 (1.45, 5.45) NA 5.85 (3.46, 8.24) NA

Mean pocket depth (in mm)
Overall 4.53 (4.24, 4.82) NA 11.02g (10.33, 11.71) NA
Age 0.003 (–0.003, 0.010) 0.07 0.13g (0.06, 0.19) 1.16
Sex 0.14 (0.11, 0.18) 3.18 0.25f (0.17, 0.32) 2.24
Race/ethnicity 0.15 (0.07, 0.23) 3.31 0.36f (0.17, 0.55) 3.29
Country of birth 0.01 (–0.01, 0.03) 0.20 0.10 (–0.01, 0.21) 0.89
Education 0.21 (0.12, 0.28) 4.45 0.48e (0.32, 0.64) 4.36
Income 0.11 (0.06, 0.16) 2.34 0.25 (0.10, 0.40) 2.24
Poverty-income ratio 0.17 (0.11, 0.24) 3.75 0.24 (0.11, 0.37) 2.15

Mean CAL (in mm)h

Overall 31.73 (29.10, 34.36) NA 43.36g (40.15, 46.58) NA
Age 6.32 (5.23, 7.42) 19.93 8.90e (7.67, 10.13) 20.52
Sex 0.58 (0.40, 0.76) 1.82 0.66 (0.40, 0.93) 1.53
Race/ethnicity 0.17 (0.02, 0.33) 0.54 0.22 (0.02, 0.42) 0.51
Country of birth 0.08 (–0.04, 0.19) 0.24 0.10 (–0.02, 0.22) 0.22
Education 1.15 (0.70, 1.60) 3.64 1.89f (1.42, 2.35) 4.36
Income 0.24 (0.06, 0.41) 0.75 1.17g (0.66, 1.68) 2.70
Poverty-income ratio 0.09 (–0.02, 0.20) 0.28 0.77e (0.32, 1.21) 1.77

aWith the exception of the overall STI for the mean pocket depth and CAL, the STI is the between-group STI for the characteristics presented.
bDesign-based standard errors computed via Taylor series linearization were used for the CIs.
cThe percent is the proportion of the overall STI corresponding to its between-group component.
dStatistically significant pairwise comparisons of STI between surveys for prevalence of periodontal diseases and mean pocket depth and CAL for 
the overall and each variable indices
ep0.01 
fp0.05 
gp0.001 
hThe STI calculations for mean CAL are conditional on CAL 0. 

NHANES 5 National Health and Nutrition Examination Survey

STI 5 Symmetrized Theil Index

CI 5 confidence interval
NA 5 not applicable 
mm 5 millimeters

CAL 5 clinical attachment loss

remained the same between surveys, with black people 
exhibiting higher odds of periodontal disease than 
white people. Moreover, two studies independently 
examining racial/ethnic and socioeconomic dispari-
ties in the prevalence odds of periodontal disease in 

NHANES III14 and NHANES 1999–200419 suggested 
that disparities for race/ethnicity increased, while for 
education, disparities decreased between NHANES 
III and NHANES 1999–2004. However, disparities 
across income groups remained nearly unchanged. 
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Consistent with previous studies,34,35,38 our study assessed 
inequalities in periodontal disease using new methods. 
We used the STI for both binary and continuous data 
and found that racial/ethnic and income inequalities 
in the prevalence of periodontal disease increased in 
NHANES 1999–2004 compared with NHANES III. 
Additionally, when compared with NHANES III, we 
found statistically significant increases in inequalities in 
the NHANES 1999–2004 mean PD for age, sex, race/
ethnicity, and education and in the mean CAL for age, 
education, income, and PIR. 

Our findings of a decrease in periodontitis from the 
prevalence differences and ratios between NHANES 
III and NHANES 1999–2004 and an increase from the 
STI in NHANES 1999–2004 compared with NHANES 
III complement each other and may shed light on 
the examination of health inequalities. For instance, 
while most studies of inequalities in periodontitis in 
the U.S.15,16,25 aimed to compare estimates across dif-
ferent points in time (i.e., NHANES I vs. NHANES III) 
when examining inequalities, the inequalities within 
the population for a particular point in time are usually 
neglected or seen as a different research question. Our 
findings suggest that to reduce and eventually eliminate 
inequalities in periodontitis and health in general, the 
between and within inequalities in population groups 
must be examined. Failure to account for inequalities 
within populations when examining inequalities over 
time not only may yield misleading conclusions, but 
also may ignore the needs of those at the very bottom 
of the social ladder. 

Limitations
Limitations of the study include the cross-sectional 
nature of the data and the lack of information on 
the length of time individuals had been disadvan-
taged, which prevented us from making inferences 
regarding temporal ordering between exposure and 
disease. Moreover, a limitation inherent in national 
surveys collecting periodontal data is the use of partial-
mouth examinations of only two sites (mesiobuccal 
and midfacial) in two randomly selected quadrants of 
the mouth, and the assumption that these measure-
ments are representative of the full mouth.56,57 In 
fact, a recent study suggests that the partial-mouth 
periodontal examination protocols used in NHANES 
III and NHANES 2001–2004 could underestimate the 
prevalence of periodontitis by 50% or greater.58 There-
fore, our findings could be underestimating the true 
inequalities in periodontal disease in the U.S.

CONCLUSIONS

This study indicated that inequalities in periodontal dis-
ease significantly decreased between NHANES III and 
NHANES 1999–2004 in the total population and across 
selected characteristics of the population when using 
the prevalence differences and ratios. However, the 
STI suggested that inequalities in periodontal health 
within age, sex, race⁄ethnicity, education, and income 
characteristics increased in NHANES 1999–2004 com-
pared with NHANES III. These findings called atten-
tion to the absolute and relative differences not only 
between population groups over time, but also within 
population groups at a particular point in time and 
over time. The latter could provide a better dimension 
of where we stand on the quest for eliminating health 
inequalities for all. 

This study was supported by the National Institute for Dental and 
Craniofacial Research (R03DE017901). This study was exempt 
from Institutional Review Board approval.
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