
Disparities in the prevalence of periodontitis by

race ⁄ ethnicity and socioeconomic position (SEP) in

the US have been pervasive for years (1–18).

Specifically, African Americans exhibit a higher

prevalence of periodontitis than non-Hispanic

White people. Mexican Americans, on the other

hand, have a prevalence of periodontitis similar to

that observed in non-Hispanic White people

despite their low income and education (10–17).

Moreover, people with lower SEP regardless of

their race ⁄ ethnicity are more likely to have higher

prevalence of periodontitis than their higher SEP

peers (11, 12, 16, 17). These findings have been

observed in studies using a variety of case defini-

tions for periodontitis. However, although many

studies have evaluated bivariable relationships, the

independent associations of race ⁄ ethnicity, educa-

tion and income with periodontitis have seldom

been examined simultaneously in the same popu-

lation (11, 17).

The relationship among race ⁄ ethnicity and SEP

(i.e. education and income) and health outcomes,

including periodontitis is complex. Evidence sug-

gests that race ⁄ ethnicity is a major determinant of

one’s education and income (19, 20), and therefore,

the latter are mediators of the association between

race ⁄ ethnicity and periodontitis rather than con-

founders. However, because of the limitations of

multivariable adjustment to estimate direct and

indirect effects in the presence of mediators (21),

adjustment for mediators only allows the estima-

tion of the net effect of an independent variable.

Moreover, in the case of education and income as

mediators of the association between race ⁄ ethnicity

and periodontitis, the net estimation may not hold

because differences in education and income may
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reflect the pervasiveness of the implementation of

previous discriminatory policies in US society such

as residential segregation (19, 20, 22). Thus, adjust-

ment for education and income of the association

between race ⁄ ethnicity and periodontitis may

reduce but would not eliminate racial ⁄ ethnic dis-

parities because of the unequal meaning of educa-

tion and income across racial ⁄ ethnic groups (19,

23). This unequal meaning would lead to residual

confounding (24, 25).

The availability of the National Health and

Nutrition Examination Survey 1999–2004 (NHA-

NES 1999–2004) data affords the opportunity to (i)

examine whether race ⁄ ethnicity, income, and edu-

cation are independently associated with perio-

dontitis before and after adjusting for selected

characteristics; and (ii) investigate the effect of

adjusting for income and education on the associ-

ation between race ⁄ ethnicity and periodontitis in

non-Hispanic black, Mexican-American and non-

Hispanic white adult population. Moreover, we

investigated whether the association between

race ⁄ ethnicity and periodontitis varies with sex

and the different levels of income and education.

Finally, because the NHANES data were collected

in three 2-year surveys, interaction terms between

‘race ⁄ ethnicity and survey year’, ‘education and

survey year’, and ‘income and survey year’ are

tested to rule out the possibility of differences on

periodontitis by sampling error as a result of the

three 2-year NHANES data used during analyses.

Methods

The NHANES 1999–2000, NHANES 2001–2002 and

NHANES 2003–2004 (Demographic Questionnaire

and Examination files) public-use data files were

used for this study. The data for NHANES 1999–

2000 were collected between March 1999 and

December 2000; for NHANES 2001–2002 between

January 2001 and December 2002; and for NHA-

NES 2003–2004 between January 2003 and Decem-

ber 2004. These surveys assessed the health status

of a nationally representative sample of the civilian

non-institutionalized US population, selected

through a stratified multistage probability samp-

ling design. The sampling design and methods

used in NHANES 1999–2000 were very similar to

those used in NHANES 2001–2002 and NHANES

2003–2004. Full descriptions of the sample design

in NHANES 1999–2000, NHANES 2001–2002 and

NHANES 2003–2004 have been reported elsewhere

(26, 27). NHANES 1999–2000, NHANES 2001–2002

and NHANES 2003–2004 examined a total of 9965,

11 039 and 10 122 persons 1 month of age to

85 years of age (85 years of age was adjudicated

to persons 85 years of age or older), respectively.

Of these, 5733, 6327, and 5926 persons were

17 years of age or older in the NHANES 1999–

2000, NHANES 2001–2002, and NHANES 2003–

2004, respectively, for a total of 17 986.

During the dental examination, dentists trained

in the survey examination protocol conducted the

periodontal examinations (26, 27). Briefly, perio-

dontal examinations during the NHANES 1999–

2000 were 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 quad-

rants would represent the mouth. Third molars

were excluded because of their frequent extraction

in young adulthood, so a maximum of 14 teeth and

28 sites per individual were examined. For the

NHANES 2001–2002 and the NHANES 2003–2004,

the periodontal examination was conducted in three

sites, midbuccal, mesiobuccal and distobuccal for

each tooth. Previous studies used several combina-

tions of clinical attachment loss (CAL) and pocket

depth (PD) to establish periodontitis case defini-

tions (6, 10, 11, 28, 29). For this study, prior to the

selection of any definition, the distributions of CAL

and PD were evaluated in the total population as

well as in each racial ⁄ ethnic group in each survey

and in the data for 6 years. For consistency across

surveys, we used the two sites measured in NHA-

NES 1999–2000, NHANES 2001–2002, and NHA-

NES 2003–2004 to define periodontitis. Specifically,

for these analyses, periodontitis was defined if a

person had at least two sites with CAL ‡4 mm and

at least one site with PD ‡4 mm. Moreover, we

repeated the analyses using a definition for NHA-

NES 2001–2002 and NHANES 2003–2004 account-

ing for the three sites measured in the periodontal

examination. Specifically, when comparing mean

values for PD and CAL using data on two and three

sites, there was a difference in the mean PD.

Although, for the latter analyses, periodontitis was

defined if a person had at least two sites with CAL

‡4 mm and at least two sites with PD ‡4 mm. For

either definition, CAL and PD did not have to be

present in the same site or tooth.

This analysis was limited to the records of adults

aged 18 to 85 years who identified themselves as

non-Hispanic black, non-Hispanic white or Mex-

ican-American and had a complete periodontal
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examination during NHANES 1999–2000

(n = 3263), NHANES 20001–2002 (n = 3883), or

NHANES 2003–2004 (n = 3502) for a final sample

of 10 648. The main independent variables

of interest were race ⁄ ethnicity, education, and

income. Race ⁄ ethnicity was specified as collected

in the surveys, non-Hispanic black, Mexican-

American, and non-Hispanic white. Hereafter,

non-Hispanic black and non-Hispanic white will

be referred to as black and white, respectively.

Education was included in the analyses as collected

as <12 years, 12 years, and >12 years of education

for each survey. Total family 12-month income

during the previous year was recorded as a

categorical variable as a range value in increments

of $5000 from $0 to $74 999 and $75 000 and above.

For this analysis, income was categorized as

£$19 999; $20 000 to $34 999; and ‡$35 000.

To estimate the association of race ⁄ ethnicity,

education and income with the odds of having

periodontitis adjusting for other factors, the

following variables were included in the analysis:

age at interview, sex, marital status, place of birth,

presence of health insurance, time since last dental

visit, history of diabetes and tobacco use. NHANES

1999–2000, NHANES 2001–2002, and NHANES

2003–2004 used the same or very similar questions

to record these covariates. Age was collected as

continuous in the surveys and categorized into

three age groups: 18–34, 35–59 and 60–85 years. Sex

and presence of health insurance were included in

the analyses as collected in the surveys. Among

participants who have health insurance, a follow-

up question (yes ⁄ no) regarding dental coverage

was asked. Categories in the marital status ques-

tion originally included married, living together

with someone as married, widowed, divorced,

separated, or never married. These categories were

grouped into married (married or living together

with someone as married), single, divorced (separ-

ated or divorced), and widowed. Place of birth was

recoded as being born in the US or elsewhere. Time

since last dental visit was categorized in both

surveys as follows: £1 year; >1 year but £2 years;

>2 years but £5 years; and >5 years. Because the

use of three 2-year surveys (NHANES 1999–2000,

NHANES 2001–2002 and NHANES 2003–2004), a

variable was created for survey year to account for

any sampling error across the three 2-year of

NHANES data used during analyses.

The question ‘Have you ever been told by a doctor

that you have diabetes?’ was used to assess the

history of diagnosed diabetes in the surveys.

Diabetes that manifested in women only during

pregnancy was excluded. Smoking status was

derived from two questions in both surveys, ‘Do

you smoke cigarettes now?’ and ‘Have you smoked

at least 100 cigarettes in your entire life?’ Smokers

were stratified as ‘current smokers’ (subjects who

answered ‘Yes’ to both questions), ‘former smokers’

(subjects who answered ‘No’ to the first question and

‘Yes’ to the second question), and ‘never smokers’

(subjects who answered ‘No’ to both questions).

Statistical analysis
Descriptive statistics for the characteristics of the

population and prevalence of periodontitis were

calculated by race ⁄ ethnicity. To determine signifi-

cant differences, chi-squared (discrete variables)

and t-tests (continuous variables) were used. Coch-

ran–Mantel–Haenszel chi-squared tests were used

to assess independence of the prevalence of

periodontitis by race ⁄ ethnicity stratified by each

covariate.

Logistic regression was used to estimate the

strength of the association of race ⁄ ethnicity, edu-

cation, and income with the prevalence of perio-

dontitis before and after adjusting for selected

characteristics and risk factors. Specifically, five

sets of analyses were performed for race ⁄ ethnicity:

(i) crude odds ratios (crude OR); (ii) ORs adjusted

for age, sex, marital status, and place of birth

(model 1); (iii) ORs additionally adjusted for health

insurance and time since last dental visit (model 2);

(iv) ORs additionally adjusted for smoking and

diabetes (model 3); and (v) finally, additionally

adjusted income and education (model 4). For

income and education, similar analyses were

repeated to obtain the crude OR; the ORs for

models 1 to 4 additionally adjusting for race ⁄
ethnicity; and finally, the ORs for model 4 for

education was adjusted for income and vice versa.

Tests for trend were performed for education and

income. Interaction terms between race ⁄ ethnicity

and income, race ⁄ ethnicity and education, and

race ⁄ ethnicity and sex were tested. In addition, an

interaction term was tested between survey year

and race ⁄ ethnicity, survey year and income, and

survey year and education to determine any

change in the strength of the association among

groups over time. The number of records included

in the analyses varied, depending on the covariates

included in the model.

Data management procedures were carried out

with SAS (30) and statistical analyses were conduc-

ted using SUDAAN (31). SUDAAN takes into
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account the complex sampling design yielding

unbiased standard error estimates. In the

tables, the sample sizes were unweighted.

However, estimates for means, proportions, stand-

ard errors, and ORs with their 95% confidence

intervals (CI) were weighted.

Results

The study population characteristics show that

Mexican Americans and Black people exhibit

worse sociodemographic characteristics than White

people (Table 1). Mexican Americans and Black

Table 1. Selected characteristics and prevalence of periodontitis among Black, Mexican-American and White adults:
NHANES 1999–2004a

Characteristics

Distribution of characteristics Prevalence of periodontitis

Black
people
(n = 2363)

Mexican
American
(n = 2977)

White
people
(n = 5308) P-valueb

Black
people
(n = 2363)

Mexican
American
(n = 2977)

White
people
(n = 5308) P-valueb,c

Overall prevalence – – – – 7.2 (0.55) 4.4 (0.67) 3.0 (0.27) <0.01
Age group (years)

18–34 42.1 (1.05) 54.0 (1.94) 33.1 (1.19) <0.01 1.3 (0.48) 1.2 (0.30) 0.7 (0.26) <0.01
35–59 47.0 (1.18) 39.7 (1.50) 50.8 (0.98) 10.7 (0.93) 7.5 (1.43) 3.6 (0.44)
60–85 10.9 (0.74) 6.3 (0.73) 16.2 (0.60) 15.3 (2.23) 13.5 (2.18) 5.6 (0.60)

Sex
Male 46.8 (1.07) 53.0 (0.87) 50.0 (0.72) <0.01 9.4 (1.03) 6.3 (1.03) 4.3 (0.46) <0.01
Female 53.3 (1.07) 47.0 (0.87) 50.0 (0.72) 5.3 (0.67) 2.2 (0.52) 1.7 (0.28)

Country of birth
USA – 41.4 (2.87) – <0.01 – 3.6 (0.83) – 0.10
Mexico – 58.6 (2.87) – – 4.9 (0.76) –

Marital status
Married 41.3 (1.53) 66.1 (1.38) 66.8 (0.84) <0.01 8.3 (0.88) 5.2 (0.88) 3.1 (0.42) <0.01
Divorced 17.4 (1.01) 7.3 (0.67) 10.1 (0.58) 8.4 (1.79) 6.5 (1.36) 3.1 (0.84)
Single 36.9 (1.48) 24.6 (1.13) 19.2 (0.79) 4.5 (0.74) 1.8 (0.53) 1.5 (0.43)
Widow 4.5 (0.32) 2.0 (0.24) 3.9 (0.28) 13.4 (3.09) 5.7 (1.94) 4.6 (1.31)

Education
<12 years 30.3 (1.40) 52.3 (1.60) 11.1 (0.68) <0.01 11.7 (1.06) 6.4 (1.04) 8.6 (1.15) <0.01
12 years 26.4 (0.96) 21.9 (1.16) 27.5 (1.05) 5.6 (1.01) 2.3 (0.65) 2.6 (0.46)
>12 years 43.6 (1.42) 25.9 (1.84) 61.5 (1.49) 5.1 (0.68) 2.3 (0.56) 2.2 (0.27)

Income
Low 38.9 (1.68) 37.5 (2.12) 17.6 (1.40) <0.01 8.9 (1.02) 5.5 (0.94) 5.8 (0.93) <0.01
Medium 22.6 (1.12) 27.7 (1.74) 17.9 (0.86) 7.0 (1.43) 5.5 (1.09) 3.3 (0.59)
High 38.6 (1.83) 34.8 (2.53) 64.5 (1.73) 4.7 (0.83) 2.8 (0.75) 2.1 (0.32)

Time since last dental visit
£1 year 51.0 (1.41) 47.3 (2.08) 68.4 (1.08) <0.01 5.5 (0.62) 2.8 (0.60) 2.0 (0.27) <0.01
> 1 but £ 2 years 16.9 (0.85) 17.0 (0.97) 12.1 (0.44) 7.9 (1.62) 3.9 (1.01) 3.5 (0.86)
> 2 but £ 5 years 18.2 (0.74) 19.3 (1.06) 11.4 (0.48) 7.1 (1.37) 6.0 (1.24) 4.8 (1.03)
> 5 years 13.9 (1.11) 16.4 (1.34) 8.1 (0.78) 10.8 (1.84) 5.1 (1.09) 7.0 (0.85)

Health insurance
Yes 75.2 (1.20) 52.7 (2.08) 85.9 (0.81) <0.01 6.9 (0.66) 4.1 (0.80) 2.8 (0.29) 0.08
No 24.8 (1.20) 47.4 (2.08) 14.1 (0.81) 8.4 (0.98) 4.9 (0.76) 4.3 (1.08)

Dental insuranced

Yes 81.2 (1.50) 68.9 (2.25) 68.1 (1.03) <0.01 5.7 (0.68) 3.2 (0.67) 2.5 (0.32) 0.11
No 18.8 (1.50) 31.1 (2.25) 31.9 (1.03) 11.5 (1.99) 5.9 (1.79) 3.3 (0.71)

Diabetes
Yes 8.5 (0.77) 5.8 (0.37) 5.2 (0.38) <0.01 15.7 (3.27) 13.8 (3.28) 7.1 (1.51) <0.01
No 91.5 (0.77) 94.2 (0.37) 94.8 (0.38) 6.4 (0.58) 3.9 (0.57) 2.8 (0.29)

Smoking status
Current smokers 26.2 (1.42) 23.0 (1.06) 24.5 (1.01) <0.01 13.0 (1.33) 6.8 (1.23) 5.7 (0.91) <0.01
Former smokers 14.0 (0.95) 19.4 (1.04) 25. 9 (1.02) 11.6 (2.52) 5.7 (1.07) 3.6 (0.68)

Never smokers 59.8 (1.73) 57.7 (1.33) 49.7 (1.18) 4.3 (0.46) 2.3 (0.56) 1.5 (0.24)

aAll sample sizes are unweighted; while mean values, proportions and P-values are weighted to take into account the
sample design.
bP-value for chi-square of homogeneity.
cAll Cochran–Mantel–Haenszel chi-squared tests for each covariate were significant at <0.0001 with the exception of
country of birth (0.13), health insurance (0.10) and dental health insurance (0.10).
dAmong participants with health insurance a follow-up question regarding dental coverage was asked.
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people were more likely to have less than a high

school education, be in the lower income category,

be less likely to have a dental visit within the past

year, less likely to have health insurance and dental

insurance than White people (all P < 0.01). How-

ever, these conditions are worst for Mexican

Americans. Black people were more likely to report

being told by a doctor that they have diabetes and

report being a current smoker (all P < 0.01).

The overall prevalence of periodontal disease

was 3.6% (data not shown), with Black people

(7.2%) exhibiting significantly higher prevalence

than Mexican Americans (4.4%) and White people

(3.0%, P < 0.01; Table 1). Higher prevalences of

periodontal disease were found in people aged 60–

85 years, men, people who were widowed, those

having less educational attainment and lower

income, and those lacking health insurance regard-

less of their race ⁄ ethnicity (all P < 0.01). In addition,

the prevalence of periodontitis was higher among

those reporting diabetes and being a current smoker

(P < 0.01). Although this difference did not reach

significance, Mexican Americans born in Mexico

were more likely to have periodontal disease.

Table 2 shows the crude and adjusted associa-

tions between periodontal disease and race ⁄ ethni-

city, education and income. Race ⁄ ethnicity,

education and income were independently associ-

ated with periodontal disease. These associations

remain significant after adjustment for selected

covariates. Specifically, Black adults are 2.66 times

(95% CI 2.03–3.47) more likely to have periodontitis

than White adults. When education and income

were included in the model, Black adults remain

1.94 times (95% CI 1.46–2.58) more likely to have

periodontitis than White adults (model 4). Thus,

the adjustment of education and income reduces

the association between race ⁄ ethnicity and perio-

dontitis for Black adults by 43% but the association

remains significant. For education when adjusting

for selected covariates including race ⁄ ethnicity and

income, those with less than a high school educa-

tion are 2.06 (95% CI 1.47–2.89) times more likely to

have periodontitis than those with more than a

high school education. Finally, in the fully adjusted

model, individuals with low income are 1.89 (95%

CI 1.18–3.04) times more likely to have periodon-

titis than their counterparts with higher income.

No interactions were observed between race ⁄
ethnicity and sex, race ⁄ ethnicity and education,

and race ⁄ ethnicity and income. Moreover, interac-

tions were not found between race ⁄ ethnicity and

age group; income and age group or education and

age group. Finally, the strengths of the association

of race ⁄ ethnicity, education and income with per-

iodontitis were not different across survey years.

When using a definition accounting for the use of

three sites in NHANES 2001–2002 and NHANES

Table 2. Odds ratiosa and 95% confidence limits for periodontitis prevalence by race ⁄ ethnicity, household income and
education among US adults 18 years or older: NHANES 1999–2004

Characteristics

Odds ratios for periodontitis prevalence

Crude b Model 1c Model 2 Model 3 Model 4

Race ⁄ ethnicity
White adults 1.00 1.00 1.00 1.00 1.00
Black adults 2.52 (2.01–3.16) 3.23 (2.48–4.21) 2.74 (2.13–3.53) 2.66 (2.03–3.47) 1.94 (1.46–2.58)
Mexican-American 1.51 (1.06–2.14) 1.80 (1.02–3.18) 1.35 (0.77–2.37) 1.43 (0.82–2.48) 1.08 (0.63–1.86)

Education (years)
<12 3.36 (2.70–4.17) 3.46 (2.58–4.63) 2.54 (1.81–3.57) 2.17 (1.52–3.09) 2.06 (1.47–2.89)
12 1.17 (0.91–1.52) 1.21 (0.90–1.64) 0.98 (0.72–1.34) 0.87 (0.65–1.17) 0.81 (0.61–1.09)
>12 1.00 1.00 1.00 1.00 1.00

P-trend <0.0001 <0.0001 <0.0001 <0.0002 <0.0002
Income

£$19 999 2.63 (2.04, 3.37) 3.62 (2.38, 5.52) 2.53 (1.57, 4.08) 2.22 (1.39, 3.56) 1.89 (1.18, 3.04)
$20 000–$34 999 1.61 (1.12, 2.32) 1.96 (1.26, 3.05) 1.59 (1.00, 2.55) 1.41 (0.88, 2.27) 1.30 (0.84, 2.00)
‡$35 000 1.00 1.00 1.00 1.00 1.00

P-trend <0.0001 0.0001 0.001 0.004 0.03

aOdds ratios (ORs) are obtained from separate models using race ⁄ ethnicity, education and income as the predictor
variable.
bCrude ORs calculated in separate models for race ⁄ ethnicity, education and income.
cORs adjusted for age, sex, marital status, place of birth and survey year (model 1); ORs additionally adjusted for health
insurance and time since last dental visit (model 2); additionally smoking and diabetes were added to the model (model
3); and finally, ORs for race ⁄ ethnicity additionally adjusted for education and income while the model for education is
adjusted for income and vice versa (model 4). All models for education and income are adjusted for race ⁄ ethnicity.
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2003–2004, the overall prevalence of periodontitis

was slightly higher (3.8%) than when using two

sites (3.6%). However, the results for the prevalence

of periodontitis presented the same pattern across

the covariates included in Table 1. Although the OR

for Black people (2.36; 95% CI 1.74–3.21) was higher

than when using the two site definitions, the ORs

for the least educated (2.10; 95% CI 1.39–3.17) and

low income (1.92; 95% CI 1.23–2.99) were similar to

those presented in Table 2 for model 4.

Discussion

Our findings suggest that racial ⁄ ethnic and socio-

economic disparities in periodontitis continue to be

pervasive, and that in fact, the racial ⁄ ethnic

disparities have remained the same over the past

decade. Specifically, these analyses show that Black

people are twice as likely to have periodontitis as

White people, a finding previously reported by

NHANES III (10, 11, 17). This finding was also true

for income (17). However, the difference in perio-

dontitis between the least and the most educated

appears to have increased over the past 10 years

(17).

Racial ⁄ ethnic and socioeconomic differences in

periodontal diseases have been reported since data

have been collected in the US, with most studies

reporting higher prevalence of periodontal diseases

for Black people and those with low income and

less education (2, 5, 12, 18, 32–34). These findings

persisted even after accounting for neighborhood

socioeconomic characteristics (11, 35). For example,

evidence suggests that race ⁄ ethnicity and educa-

tion were associated with periodontitis before and

after controlling for selected covariates including

neighborhood socioeconomic conditions (11).

Specifically, non-Hispanic Black people and those

with less than a high school diploma were twice as

likely to have periodontitis compared with non-

Hispanic White people and those with more than a

high school education, respectively. The results of

our study, consistent with those of previous studies

(2, 9, 11, 17, 18), showed an association between

race ⁄ ethnicity, education and income with perio-

dontitis, with Black people, those with less educa-

tion and those with low income exhibiting higher

odds of having periodontitis than their white or

Mexican American, more educated and high-

income counterparts.

Despite having the lowest educational attain-

ment, lowest income and lowest insurance

coverage, Mexican Americans exhibited a preval-

ence of periodontitis similar to that of White

people. This finding has been reported before

using NHANES III data (17). Specifically, the

authors call attention to the assumption of homo-

geneity in health status on groups sharing minority

status. This assumption may lead to an inaccurate

picture and may lead to erroneous and faulty

public health strategies to prevent and control

disease. This study shows that although Mexican

Americans and Black people had more sociodemo-

graphic characteristics in common than either

group did with their white counterparts, Mexican

Americans exhibited prevalence of periodontitis

similar to that in White people while Black people

exhibited higher prevalence than White people.

The paradox of better health outcomes in Mexican

Americans holds for mortality rates (infants and

adults) and some morbidity and health-related

conditions (cancer, cardiovascular disease, high

blood pressure and high cholesterol levels)

(36–39). As our study did not find interactions

between race ⁄ ethnicity and income or race ⁄ ethni-

city and education our findings indicate that the

higher prevalence in Black people, those with low

income and less education are independent.

The persistence of these findings over time begs

us to go beyond just the repetition of the findings

as an expected fact and to ask the question: What is

it about race ⁄ ethnicity, education, and income as

social constructs that affect individual health in the

US? Race is a proxy for an array of unmeasured

exposures (i.e. racial discrimination, segregation,

environmental exposure, unequal opportunities for

social mobility, access to quality of care) in US

society that may act directly or indirectly on

periodontal diseases (20). Education, on the other

hand, seems to have an effect on health independ-

ent of other economic resources and can be passed

on through generations (23, 40). Moreover, because

race conveys people some advantages or disad-

vantages, it determines the education individuals

receive in the US, and further, may influence their

income (20, 41). Thus, race ⁄ ethnicity precedes

education and income, which are part of the causal

pathway by which race ⁄ ethnicity affects health

outcomes (20), including periodontitis. Because

multivariable techniques are unable to separate

indirect and direct effects of race ⁄ ethnicity after

adjusting for mediators (21) and race ⁄ ethnicity

channels people into different socioeconomic

opportunities (19, 20, 22), the adjustment for

education and income may reduce but would not
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eliminate the racial ⁄ ethnic disparities. Our findings

suggest that the existence of racial ⁄ ethnic

disparities in periodontitis remains after adjusting

for education and income and vice versa. These

disparities could be the net effect of race ⁄ ethnicity

or could reflect a residual confounding after the

adjustment of education and income, constructs

that reflect unmeasured inequalities, and thus, are

unequal across racial ⁄ ethnic groups.

Among the strengths of our study are the use of a

nationally representative data and the large sample

size, which allow to control for several potential

confounders and to examine interactions. The cross-

sectional nature of the data and the lack of informa-

tion on the length of time individuals have been

disadvantaged prevent us from making inferences

regarding temporal ordering with regard to expo-

sure and disease. Finally, a limitation inherent in

national surveys collecting periodontal data is the

use of partial-mouth recording examining only two

sites (mesiobuccal and midfacial) or three sites

(midbuccal, mesiobuccal, and disto-buccal) in two

randomly selected quadrants under the assumption

that these measurements are representative of the

full mouth (42–44). We repeated the analyses using

definitions accounting for the use of three sites in

NHANES 2001–2002 and NHANES 2003–2004 and

the results remain the same as the results presented

here. Therefore, the prevalence estimates using

partial mouth recording are likely to be underesti-

mates of the true prevalence of periodontitis. This

suggests that our results may underestimate the

prevalence of periodontitis in the population. More-

over, if the underestimation occurs, the lack of

interactions of race ⁄ ethnicity, education and income

with survey year underscored the consistencies

across definitions among survey years. Finally, the

lack of genetic information in our study could raise

questions regarding our findings of the existing

racial ⁄ ethnic disparities. However, despite the chan-

ges in the population composition mixture, and

therefore, genetic pool of the racial categories over

time, racial differences in periodontal health have

persisted. Thus, genetic characteristics alone cannot

explain these differences. Moreover, individual

genetic characteristics are unlikely to explain per-

sistent socioeconomic differences in periodontal

health within and across racial ⁄ ethnic groups.

This study indicates that social constructs,

race ⁄ ethnicity, education, and income are associ-

ated with periodontal health. These findings have

been consistently reported in the US over the years.

Thus, the pathways by which race ⁄ ethnicity and

socioeconomic indicators, separately or combined,

lead to health or disease should be investigated.

Although in the US, the debate of differences on

health has been centered around ‘disparities’, our

findings clearly underscored the role of social

inequalities in which social constructs commonly

used in US society may be determining and

shaping disparities in health for disadvantaged

groups, namely racial ⁄ ethnic or socioeconomic

groups. Thus, if the causes of health disparities

are to some extent created in the social milieu in

which we live and interact with each other, in order

to reduce and eventually eliminate health dispar-

ities, awareness of the social determinants of health

disparities needs to be raised at the higher level of

society to change the focus of the health policy

agenda from an individual model (i.e. individual’s

race) to a population health approach (i.e. the

political, social and economic forces behind an

individual’s racial membership). This approach

will lead to improving the health of the entire

population, and eventually, to eliminating health

disparities. Finally, in order to eliminate health

disparities in the US, the continuous collection of

quality data on the indicators driving the dispar-

ities at the national level is crucial. While NHANES

is limited to inferences on non-Hispanic Black

people, Mexican Americans and non-Hispanic

White people, which ignores the diversity of the

American population (i.e. Asians and other His-

panic subgroups), the availability of its periodontal

data has contributed to our understanding and

documentation of the existing disparities in perio-

dontal health in the US since the 1960s. However,

the next NHANES data collection, 2005–2006, has

changed the dental examination from a compre-

hensive examination to a simplified oral health

screening. This change, if permanent could have

important policy and public health implications for

the measurement, monitoring and tracking of

periodontal health disparities according to race ⁄
ethnicity and socioeconomic position. The unavail-

ability of these data would not decrease these

disparities but would hide them leading to an

increase over time.
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