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Abstract

Introduction: Untreated dental caries (UC), although preventable, is the most prevalent disease
in the United States. UC diminishes quality of life and lowers productivity for millions of
Americans and is notably higher among lower-income compared to higher-income persons.

Objective: This study examines changes in disparities by income in past-year dental use (DU)
and UC in 4 life stages (2-5, 6-19, 20-64, and =65 y) between 1999-2004 and 2011-2016. We
also examined changes in dental safety net policies during this time.

Methods: We obtained data on dependent variables, UC and DU, from cross-sectional, nationally
representative surveys for 1999-2004 and 2011-2016. We used multivariable regression models
with 3 main-effect explanatory variables: income (<200% or >200% federal poverty level), life
stage, and survey period (1999-2004 or 2011-2016) and sociodemographic variables. We included
2-way interaction terms among main-effect variables to test whether disparities had changed over
time in each life stage and a 3-way term to test changes in disparities differed across life stages.

Results: Model-adjusted disparities in DU decreased for both preschool-age and school-age
children, and disparities in UC decreased for school-age children. Changes in DU and UC
disparities were not detectable for working-age adults and increased for retirement-age adults.
Changes in DU and UC among preschool and school-age children were not significantly different
from one another and were significantly different from changes among retirement-age adults.
Compared to working-age adults, changes in disparities for DU and UC were significantly
different for school-age children, and changes in DU were significantly different for preschool-age
children. Between surveys, the dental safety net was expanded for youth but remained largely
unchanged for adults.
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Conclusions: Expanding the dental safety net for youth could have contributed to increased
access to dental care among children relative to adults and contributed to the decrease in
disparities in DU and UC among youth.

Knowledge Transfer Statement: Between 1999-2004 and 2011-2016, the dental safety net
was expanded for youth but remained largely unchanged for adults. Using national survey data
to compare changes in disparities in past-year dental use and untreated dental caries by income
between adults and youth sheds light on the potential impact of expanding the dental safety net.

Keywords

health care disparities; dentists’ practice patterns; public policies; dental caries; Medicaid,;
Medicare

Introduction

Although largely preventable, untreated dental caries remains the most prevalent disease in
the world (GBD 2016 Disease and Injury Incidence and Prevalence Collaborators 2017).
Pain and infection resulting from untreated caries can diminish academic performance
(Jackson et al. 2011), productivity (Righolt et al. 2018), and ability to eat healthy foods
(GBD 2016 Disease and Injury Incidence and Prevalence Collaborators 2017). Treatment of
severe caries among young children may require use of general anesthesia in a hospital. In
2011, almost 26,000 Medicaid-enrolled children in 6 US states (0.5% of enrollees), aged 1
to 20y, received caries-related services in a hospital or ambulatory care setting at a cost of
$2,581 (2011 US dollars) to Medicaid per hospitalization (Bruen et al. 2016). Productivity
losses in the United States attributable to untreated caries were estimated at $4.9 billion in
2015 (Righolt et al. 2018). National data further indicate that over 34 million school hours
were lost due to acute, unplanned dental care needs in 2008 (Naavaal and Kelekar 2018).

In 1999-2004, youth and working-age adults with low household income (<200% federal
poverty level [FPL]) were at least twice as likely to have untreated caries as were their
higher-income counterparts (Centers for Disease Control and Prevention [CDC] 2019). The
disparity by income for working-age adults (23 percentage points [PP]) appeared to be larger
than that among adolescents aged 12 to 19 y (14 PP). This difference may have been due to
differences in Medicaid policy. Medicaid, the major health insurer for low-income persons
in the United States, offers comprehensive dental services, including diagnostic, preventive,
and restorative services to youth (Kaiser Family Foundation 2016). In contrast, Medicaid
dental benefits for adults are not required by federal law but are offered as a state option,
with most states providing only limited coverage. In 2000, only 24 states covered at least
some nonemergency dental services (Decker and Lipton 2015).

Since 1999-2004, several policies have been implemented to increase access to dental care,
most of which have targeted youth. For example, the 2009 Children’s Health Insurance
Program Reauthorization Act (CHIPRA) increased youth enrollment by about 4 million
(Henry J. Kaiser Family Foundation 2009) and guaranteed comprehensive dental services
to all children enrolled in the Children’s Health Insurance Program (Centers for Medicare
& Medicaid Services [CMS] 2019; Mann 2014). Launched in 2010, the ensuing CMS
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Oral Health Initiative provided support to state programs (e.g., technical assistance, action
plan templates, peer learning collaboratives) to increase by 10 PP both the percentage of
enrollees, aged 1 to 20 y, who received a preventive dental service and the percentage of
enrollees, aged 6 to 9 y, who received dental sealants (Chazin 2014; Mann 2014).

In contrast, state Medicaid dental benefits for adults have remained largely unchanged since
1999-2004. Only 11 states had Medicaid dental benefit policies for adults in 2012 that were
different from those in 2000; 5 states added dental benefits and 6 states dropped benefits
(Decker and Lipton 2015). Medicaid expansion, which some states began to implement

in 2014, extended coverage to childless, nonpregnant, nondisabled adults under age 65 y
with an income equal to or less than 133% of the FPL (Medicaid and CHIP Payment and
Access Commission 2019). It is likely, however, that expansion had limited national impact
—of the 27 states that had expanded Medicaid as of February 1, 2015, only 11 offered
extensive dental services (i.e., a comprehensive mix of diagnostic, preventive, and restorative
procedures with a per-person annual cap of at least $1,000) to Medicaid expansion enrollees
(Center for Health Care Strategies 2015; Kaiser Family Foundation 2019). Moreover, access
to dental care remains limited upon reaching retirement. Dental benefits are expressly
excluded from traditional Medicare (Section 1862 (a)(12) of the Social Security Act).
Enrollment in Medicare Advantage plans, of which about 42% offer dental benefits (Freed et
al. 2019), however, increased from 5.2% in 2004 to 11.9% in 2011 to 17.6% in 2016 (Henry
J. Kaiser Family Foundation 2017). It is likely that most low-income adults were not covered
by Advantage plans—only 14% of Medicare beneficiaries with incomes <100% FPL had
Advantage plans (Schoen et al. 2018) and less than 15% of Advantage enrollees had family
incomes <$10,000, the FPL for a family of 1, in 2008 (Cooper and Trivedi 2012).

Policies also were implemented to increase access among preschoolers that did not
differentiate by income. Recommendations include the following: 1) the American Academy
of Pediatrics in 2003 that lowered the age for a child’s first dental visit from 3 y to soon
after the first tooth erupts (about age 1 y; Hale 2003) and 2) the US Preventive Services
Task Force in 2004 for the provision of fluoride varnish in a primary care setting to all
children up to age 5 y (Calonge 2004; American Academy of Pediatrics 2008). In addition,
implementation of the Affordable Care Act (ACA) in 2014 increased access to dental care
among all children regardless of age and income by classifying pediatric dental care as an
essential health benefit, thus mandating it be provided in the insurance exchanges (Patient
Protection and Affordable Care Act of 2010). The ACA, however, did not include provisions
to increase dental coverage among adults not enrolled in Medicaid (Vujicic 2014).

A recent analysis indicated that age- and sex-standardized estimates of untreated caries
prevalence had decreased between 1999-2004 and 2011-2016 among low-income youth but
not among low-income adults (CDC 2019). In this analysis, we use multivariable regression
models to estimate changes in the effect of income on past-year dental use and untreated
dental caries between 1999-2004 and 2011-2016 for different life stages. We then compare
changes in untreated caries and dental use by income among life stages and discuss these
changes within the context of policies implemented to increase dental use.
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Methods

Study Population and Design

We used sequential cross-sectional, deidentified data collected in 1999-2004 and 2011-2016
for the Medical Expenditure Panel Survey (MEPS) administered by both the Agency for
Healthcare Research and Quality and the CDC, as well as the National Health and Nutrition
Examination Survey (NHANES) administered by the CDC. Both surveys are complex,
multistage probability samples of the noninstitutionalized US population.

From the Household Component of MEPS, we used self-reported information on
sociodemographic characteristics and use of clinical dental services. MEPS interviews
subjects at 5 different occasions over 15 mo to limit recall bias (Health and Human
Services 2014). MEPS has been reviewed and approved by the Westat institutional

review board, established under a multiproject assurance (MPA M-1531) granted by

the Office for Protection from Research Risks (OPRR). The project is reviewed and
renewed annually. Additional information on MEPS is available at https://meps.ahrqg.gov/
survey _comp/hc_data_collection.jsp. From NHANES, we used information on untreated
dental caries obtained during the dental examination in a mobile examination center and
sociodemographic variables collected during the home interview. Visual/tactile oral health
assessments were conducted by NHANES dentists who were trained prior to and monitored
during data collection to ensure consistent assessment standards. NHANES protocols were
approved by the National Center for Health Statistics Ethics Review Board. Additional
information on NHANES is available at http://www.cdc.gov/nchs/nhanes.htm.

We defined a disparity as prevalenceoy, jncome — prevalencepigner jncome: Where low-income
was household income <200% FPL and higher-income 2200% FPL. With MEPS data, we
estimated disparities in past-year dental use (i.e., reported past-year dental expense) for

4 stages of life (preschool age, 1-5 y; school age, 6-19 y; working age, 20-64 y; and
retirement age, =65 y) in 1999-2004 and 2011-2016. With NHANES data, we estimated
disparities in prevalence of untreated dental caries in at least 1 permanent or primary tooth
stratified for the same periods and life stages. Edentate persons were included in the analysis
and classified as not having untreated dental caries. For dental use, a disparity would be
present if the value were negative and, for untreated caries, a positive value. Decreases in
disparities over time, however, would be indicated by a positive value for dental use and a
negative value for untreated caries.

Outcome Measures

We estimated changes in disparities between 1999-2004 and 2011-2016 for untreated dental
caries and past-year dental use for each life stage.

Statistical Analyses

We estimated outcomes with predicted marginals obtained from 2 multivariable logistic
regression models (Bieler et al. 2010). The dependent variables were untreated dental

caries and past-year dental use. Main effect independent variables in both models were
household income (low or higher), survey period (1999-2004 or 2011-2016), and life stage.
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We included 2-way interaction terms for 1) survey period and income, 2) life stage and
income, and 3) survey period and life stage, as well as a 3-way interaction term for survey
period, income, and life stage. The 2-way interaction terms allowed us to examine whether
outcomes were significant for each life stage, and the 3-way interaction term was used to
examine whether outcomes varied across life stages. Covariates in the regression were age (a
continuous variable to account for different age composition within a life stage); education
level of respondents for adults, aged =20 y, and of head of household for persons aged <20 y
(<high school, high school or equivalent, >high school); race/ethnicity (non-Hispanic Black,
non-Hispanic White, Mexican American, other); and sex.

We used ttests to detect significant differences (P < 0.05). Analyses were conducted

using SAS-callable SUDAAN 9.4 (Research Triangle Institute), a statistical software that
accounted for the complex sample design of NHANES and MEPS and our use of the sample
weights to obtain nationally representative estimates.

Policy Review

To identify policies implemented between 1999 and 2016 that would affect access to dental
services, we reviewed 1) provisions of the ACA; 2) changes in recommendations from the
US Preventive Services Task Force (USPSTF), the American Dental Association/American
Academy of Pediatric Dentistry, and the American Medical Association/American Academy
of Pediatrics related to dental preventive services; and 3) changes in national policies
implemented by the CMS. To ensure we did not omit relevant policies, we reviewed the list
of policies obtained from our review with subject area experts in children’s dental health
policy (Children’s Dental Health Project) and adult dental health policy (Chavez et al. 2019).
We then stratified identified policies by life stage and income group targeted.

Results

Sample

In MEPS and NHANES, there were, respectively, 24,502 and 4,538 preschool-age, 87,553
and 15,728 school-age, 219,409 and 19,690 working-age, and 46,714 and 6,272 retirement-
age persons with data for all analysis variables.

Differences in Disparities in 1999-2004 and 2011-2016

Prevalences of past-year dental use and untreated caries for each age group in both survey
periods are provided in the Figure. In 1999-2004, disparities in dental use were significantly
lower among preschoolers (-0.6 PP) than among other age groups and among school-age
(-13.1 PP) compared to working-age persons (—15.0 PP; Table 1). In 2011-2016, disparities
remained lowest among preschoolers (low-income groups were now more likely to have a
past-year dental visit than their higher-income counterparts) compared to other life stages.
Disparities in dental use among school-age children (-6.4 PP) were significantly lower than
among either adult life stage, and the disparity among working-age adults (14.0 PP) was
now less than that in retirement-age adults (17.6 PP).
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In 1999-2004, disparities in untreated caries among preschool (5.6 PP) and school-age
children (8.9 PP) were not statistically different from one another (Table 1); the disparity
in each of these age groups was significantly lower than the disparity among working-age
adults (14.0 PP). The statistically insignificant disparity among retirement-age (2.3 PP)
was lower than that among working-age and school-age persons. In 2011-2016, disparities
among preschool (3.5 PP) and school-age (4.1 PP) children, which were not statistically
different from one another, were lower than disparities among working-age (15.1 PP) and
retirement-age (14.5 PP) adults. The disparity among retirement-age adults, however, was
lower than that among working-age adults.

Changes in Disparities from 1999-2004 to 2011-2016

Policies

For dental use, we detected decreases in disparities among preschoolers (Table 1) and
school-age children, and for untreated caries, we found decreases among school-age
children. We did not detect changes in disparities among working-age adults and found
increases among retirement-age adults (Table 1). The only group for whom untreated caries
significantly increased between surveys was low-income, retirement age adults (Appendix
Fig. 1).

Changes in disparities for dental use among youth (both preschool and school-age)
differed from changes among working-age and retirement-age adults (Table 2). Changes

in disparities for untreated dental caries differed between school-age children and both
working-age and retirement-age adults and between preschool-age children and retirement-
age adults. Changes in disparities among working-age adults differed from changes among
retirement-age adults.

A description of identified policies is provided in Table 3. The ACA and Medicaid
expansion would have increased access among all children and low-income adults. The
impact of these policies, however, would have been attenuated because they were not in
place in 3 of the 6 y in the later survey. The effect of Medicaid expansion would have

been further attenuated because only 11 of the states that expanded Medicaid covered dental
services (Center for Health Care Strategies 2015; Kaiser Family Foundation 2019). The
effect on changes in disparities from 2 of the policies that would have increased access
among both low- and higher-income preschoolers also may have been reduced because
they were implemented during the later years in the first survey period. The remaining
policies implemented between the surveys would have increased access among low-income
preschool and school-age children. Increased uptake of Medicare Advantage plans, of which
some cover dental services, may have increased access among higher-income relative to
lower-income retirement-age adults.

Discussion

Except for retirement-age adults, differences in disparities across life stages during 1999-
2004 were largely consistent with policies that were in place. Disparities in past-year
dental use and untreated caries were notably higher among working-age adults, for whom
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a limited dental safety net existed, compared to youth. Moreover, changes in disparities
from 1999-2004 to 2001-2014 were largely consistent with changes in dental safety

net policies implemented between the 2 surveys. There were no detectable changes in
disparities in dental use or untreated caries among working-age adults. There were, however,
notable increases in disparities from 1999-2004 to 2001-2014 in both dental use and
untreated caries among retirement-age persons that could have been attributable to increased
enrollment in Medicare Advantage plans among higher-income persons. Furthermore,

these increases in disparities from 1999-2004 to 2001-2014 among retirement-age adults
exceeded those among other life stages. Finally, changes in disparities in dental use among
youth significantly differed from changes among adults, suggesting that there were true
improvements among the age groups for whom the dental safety net was expanded relative
to age groups for whom the safety did not expand. Similarly, the improvement in the
disparity in untreated dental caries among school-age children relative to the change for
working-age adults was statistically significant.

We believe this is the first analysis to detect an increase in untreated caries (6 PP) among
low-income, retirement-age adults from 1999-2004 to 2011-2016. Two other studies that
examined this issue did not find an increase (CDC 2019; Griffin et al. 2019). Differences in
findings could be due to different models that did not control for the same variables, but it
could also be due to inclusion criteria—ours was the only study to include edentate adults.
Including edentate adults could result in higher estimated changes between surveys due

to increased tooth retention. A recent surveillance summary (CDC 2019) did not detect

a difference (statistically insignificant change of 2.4 PP) in age- and sex-standardized
prevalence of untreated caries among dentate lower-income, retirement-age adults between
1999-2004 (26.2%) and 2011-2016 (28.6%). Between surveys, however, edentulism
significantly decreased from 38.4% to 28.6%. Increases in prevalence, if edentate adults
were included, would be 4.3 PP, from 16.1% (61.6% * 26.2%) to 20.4% (71.4% * 28.6%).
The change among all low-income, retirement-age adults would be about 70% higher than
that among dentate adults. Similarly, the reported significant decrease among higher-income
dentate adults (4.3 PP) in the surveillance summary was greater than the decrease among
all adults (2.9 PP) in our study. Thus, between surveys, caries risk among both low- and
higher-income, retirement-age adults may have increased due to tooth retention, whereas
access to clinical dental care likely only increased for higher-income adults. Prevalence of
edentulism will likely continue to decrease as baby boomers age, suggesting that the need
for primary and secondary caries preventive services among older adults relative to other age
groups may increase as well.

One surprising finding was that after controlling for covariates, dental utilization among
preschool-age children in 2011-2016 was higher for low-income children relative to their
higher-income counterparts, whereas among school-age children, the disparity by income
persisted. Expansions in the dental safety net likely were not a factor since changes would
have affected both preschool and school-age children. The change in the recommended

age for the first dental visit, however, only affected preschool-age children. This policy
change could have played a role if messaging and promotion regarding the age 1 dental visit
primarily targeted lower-income families.
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This study had some limitations. Including both age and life stage as independent variables
in our model increased the probability of multicollinearity. With multicollinearity, estimates
remain unbiased, but the probability of rejecting a true association is increases (Wooldridge
2015). Second, NHANES and MEPS do not include institutionalized persons in their
sampling frame. Thus, we did not have data on adults living in nursing homes or assisted
living facilities, about 6.5% of retirement-age adults in 2010 (Institute of Medicine Food
Forum 2010). Data suggest these adults have poorer oral health than their community-
dwelling counterparts (Griffin et al. 2019), so it is likely that untreated caries prevalence
among all retirement-age adults was underestimated relative to the other life stages. Third,
in our review of policies, we only explored the effect of national policies to expand access
to dental care. We did not include changes in state-specific policies such as Medicaid
reimbursements, the comprehensiveness of Medicaid dental benefits for adults, or dental
coverage/benefits in employer and private health insurance plans. Nor did we consider
policies aimed at stimulating supply as opposed to demand for dental care. For example,
during our study period, the Health Resources and Services Administration (2017) expanded
clinical dental capacity in federally qualified health centers such that the number of patients
receiving dental services increased from 3.4 million in 2009 to 4.8 million in 2014

(Surdu and Langelier 2018). We did not include supply-side policy changes because we
could not determine if available capacity varied by life stage, and the number of patients
receiving dental services was relatively small when compared to the low-income population
represented in our study (about 102 million low-income persons in 2011-2016). Finally,
effects of the Great Recession of 2008 to 2010 may have reverberated into 2011-2016.
This could have reduced demand for dental care among persons who formerly had financial
access (e.g., private dental insurance), which, in turn, could have increased dental capacity
for low-income persons with public dental insurance.

In conclusion, we found that dental outcomes typically improved for low-income relative to
higher-income youth. This could have been attributable to expansions in the dental safety
net for this life stage. These improvements were not observed among adults for whom the
safety net remained limited. Trends in increased tooth retention and differential access to
dental care by income likely contributed to increased disparities between surveys among
retirement-age adults. Disparities could further increase if current trends in edentulism and a
limited dental safety net persist.
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NHANES Untreated Caries
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Model-adjusted prevalence of past-year dental use (A) and untreated dental caries (B) for
higher- and lower-income persons by life stage and survey period (1999-2004 and 2011-
2016). FPL, federal poverty level; MEPS, Medical Panel Expenditure Survey; NHANES,
National Health and Nutrition Examination Survey. *Significant (P < 0.05) disparity in
survey. ¥ Significant (P < 0.05) decrease in disparity by income over time. ASignificant

increase in disparity by income over time.
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