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aged populations.
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WHAT’S KNOWN ON THIS SUBJECT: Guidelines recommend that
primary care physicians provide preventive dental services to
young children. Most state Medicaid programs reimburse
physicians for providing fluoride varnish. Individual-level studies
show that these services are effective in reducing caries-related
treatments and costs.

WHAT THIS STUDY ADDS: Preventive dental services provided
through a North Carolina Medicaid preventive dental program led
to a reduction in dental caries among young children statewide.
Programs targeting vulnerable populations through medical
offices can reduce disparities in oral health among preschool-

@

OBJECTIVES: To evaluate the impact of a North Carolina Medicaid pre-
ventive dentistry program in primary care medical offices (Into the
Mouths of Babes Program [IMBP]) on decayed, missing, and filled teeth
(dmft) of kindergarten students statewide and in schools with a large
proportion of students from low-income families.

METHODS: An ecologic study using panel data of 920 505 kindergarten
students with 11 694 school-year observations examined the effect of
the IMBP on dmft scores from 1998 to 2009. Ordinary least squares
regression with fixed effects determined the association between
IMBP visits per child 0 to 4 years of age per county and mean dmft
scores per kindergarten student per school, controlling for school-
level poverty and ethnicity, county-level Medicaid enroliment, and
supply of dentists and physicians.

RESULTS: Mean dmft per kindergarten student per school increased
from 1.53 in 1998 to 1.84 in 2004, then decreased to 1.59 in 2009. The
mean number of IMBP visits per child 0 to 4 years of age per county
increased from 0.01 in 2000 to 0.22 in 2009. A 1-unit increase in IMBP
visits per county was associated with a 0.248 (95% confidence interval,
—0.40 to —0.10) decrease in dmft per kindergarten student per
school. For schools with more students at high risk for dental disease,
a 1-unit increase in IMBP visits was associated with a 0.320 (95%
confidence interval, —0.55 to —0.09) decrease in dmft.

CONCLUSIONS: IMBP reduced dental caries among targeted vulnerable
children, which helped reduce oral health disparities among preschool-
aged children in North Carolina. Pediatrics 2014,133:€827—€834
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The 2010 Global Burden of Disease Study
reported untreated dental caries in
permanentteethto bethe most common
problemworldwide and in primaryteeth
to be the 10th most common problem
among 291 diseases and injuries eval-
uated.! In the United States, 33% of 3-to
9-year-old children experienced dental
caries in at least 1 primary tooth in 1999
10 2004, an increase in prevalence since
the previous national survey.23 Children
from low-income and minority families
are most affected.# Caries causes pain
and infection, leading to high treatment
costs and reduced quality of life57
Death can result, particularly from use
of general anesthesia often needed for
treatment of children who are young,
have severe disease, or have special
health care needs.8

Dental disease and workforce assess-
ments in North Carolina confirm that
national observations about disparities
in dental caries can be extended to the
state3-2 Some state indicators were
found to be worse than national esti-
mates, particularly use of preventive and
treatment services by young children
enrolled in Medicaid. The rural nature of
North Carolina, coupled with an in-
creasing low-income population and an
uneven distribution, if not undersupply,
of dentists statewide, were clear mark-
ers for disparities in oral health.

In response to the growing public health
problem in North Carolina, in 2000 the
state Medicaid program began the Into
the Mouths of Babes Program (IMBP), in
which preschool-aged children could
receive preventive dental care during
medical office visits.!s In this program,
Medicaid reimburses nondental health
care providers for up to 6 medical visits
in which preventive dental services
(child screening and risk assessments,
application of fluoride varnish, and
parent oral health counseling) are pro-
vided for children 3% years of age and
younger. During its first 11 years, chil-
dren had more than a million preventive
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dental visits in medical offices. By 2011,
~80 000 children were receiving ser-
vices annually.'?

The primary goals of the IMBP are to
increase access to preventive dental
services for high-risk infants and tod-
dlers, thus reducing the prevalence of
dental caries and narrowing the gap in
oral health disparities. Individual-level
studies demonstrate that the IMBP is
effective in increasing access to pre-
ventive dental care and improving oral
health outcomes for those who receive
services.'*16 The purpose of this study
is to determine the impact of the IMBP,
a statewide program targeting young
children enrolled in Medicaid who use
primary care medical services, on
trends in dental caries among 5-year-
old children. We anticipate a measur-
able population effect at the community
level from providing IMBP services to
low-income children who are most af-
fected with dental caries, thus helping
to reduce the disparities in oral health.

METHODS
Overview of Research Design

This ecologic study used panel data and
regression methods to examine the as-
sociation between IMBP services provided
in each county and caries experience of
kindergarten children in North Carolina
for academic years 1998—1999 to 2009—
2010, by using schools as the unit of
analysis. We estimated regression mod-
els including all schools and only a subset
of schools in which students were con-
sidered to be at high risk for dental dis-
ease. This study was determined by the
North Carolina Division of Public Health
Institutional Review Board for the Health
and Safety of Human Subjects to be ex-
empt from full review.

Data Sources and Variables

Outcome Variable

Annual estimates for caries experience
were derived from the oral health

surveillance system maintained by the
state dental public health program.'”
School-level files provide summary
counts of decayed, missing, and filled
teeth (dmft) of kindergarten students,
a well-accepted measure of lifetime
caries experience. Evaluation of exam-
iner performance has demonstrated re-
liability and validity for these estimates, '8
and data have been used in a number of
research studies.’®2! For this study, the
unit of analysis was the school year, and
caries experience was measured as the
school-level average number of dmft per
screened kindergarten student.

Main Explanatory Variable

Data for the annual number of IMBP
visits for each county were derived from
reports produced by the state Medicaid
program since inception of the IMBP in
2000.22 They provide a count of visits
based on Medicaid payment of non-
dental providers for delivery of a speci-
fied set of bundled oral health services
(screening and risk assessment, coun-
seling, fluoride varnish application). We
constructed our exposure variable to be
a county-level measure of the mean
number of IMBP visits per child 0 to 4
years of age per year. Because IMBP
services are provided to children aged
0 to 3% years and outcomes are
assessed in children at 5 years of age,
this variable was lagged 3 years.

Control Variables

Two school-level control variables in-
cluded in the analysis were annual
measures of the percentage of kin-
dergarten students who were His-
panicz and percentage of students
enrolled in the National School Lunch
Program (NSLP), a valid measure of
poverty.2425 Additionally, 3 county-level
control variables measured the annual
number of dentists per 10000 pop-
ulation,26 number of physicians per
10 000 population,26 and percentage of
children 0to 21 years of age enrolled in
Medicaid.2728



Analysis Strategy

We calculated descriptive statistics for
all variables and all years. Preliminary
bivariate analyses examining associa-
tions between each predictor variable
and school-level average dmft were
conducted using ordinary least squares
(OLS) regressions with f tests, without
adjustment for other variables.

We used OLS regression models, adjust-
ing for the primary explanatory variable
and all control variables, to estimate the
effect of the IMBP on the school-level
average number of dmft per kindergar-
ten student2® The outcome of interest
was weighted by the number of students
in the school who were screened. Be-
cause we had repeat observations of
schools over time, school-level fixed
effects adjusted for school character-
istics that were constant over time and
year fixed effects adjusted for statewide
time-varying trends. To account for po-
tential correlation between schools’
variance estimates over time, we used
cluster-robust SEs30 Wald tests were
used to examine associations between
explanatory variables and the outcome
variable.

OLS regression models were estimated
for the full sample and for a subgroup of
schoolsthat had =80% oftheir students
participating in the NSLP at any point
during the study period. We hypothe-
sized that the effect of the IMBP would
be greater in schools with a large per-
centage of students from low-income
families because they would have
more students enrolled in Medicaid and
thus eligible for and using Medicaid
preventive dental services.

Weran simulations by using coefficients
fromtheregression modelsto calculate
the predicted school-level average
number of dmft per kindergarten stu-
dent in 2009 under the following 3
conditions: no IMBP, the observed
number of IMBP visits, and more IMBP
visits. To understand how increasing
the number of IMBP visits might reduce
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dental caries in young children, we
predicted mean dmft in 2009 based on
increases in the mean number of IMBP
visits per county over the base rate of
2823 visits (0.18 visits per 0- to 4-year-
old child per county) by 500, 1000,
2000, and 4000 visits, representing,
respectively, an average number of
visits per county for the child pop-
ulation 0 to 4 years of age 0f 0.22, 0.26,
0.31, and 0.45. All analyses and statis-
tical tests were performed in Stata/IC
12 (Stata Corp, College Station, TX) at
a .05 significance level.

RESULTS
Sample

Oral health surveillance data were
available for schools in all of the state’s
100 counties during 1998—1999 to 2001—
2002 and 2003—2004 to 2009—2010. The
surveillance database included 12256
school-year observations (1385 unique
schools) and 1031208 kindergarten
students (mean per year = 93 922), of
whom 965 867 (93.6%; mean per year =
87956) were screened. We excluded
schools missing information about
NSLP participation (n = 12), with 5 or
fewer kindergarten students screened
(n = 3), missing information about His-
panic ethnicity (n = 9), and with sur-
veillance data for 1 year only (n = 41).

The analytical sample included 11694
school-year observations (1294 unique
schools) and 1011263 students (mean
per year = 92 163), of whom 946 911
(93.6%; mean per year = 86 291) were
screened. Schools were included in the
analysis for an average of 9.89 years. The
subgroup analysis of schools that ever
had 80% or more of their students par-
ticipating in the NSLP had 4236 school
year-observations for 448 schools, in-
cluded for an average of 10 years.

Descriptive Statistics

Table 1 provides descriptive statistics
for each year and for all variables in-
cluded in the study. Mean dmft per
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kindergarten student per school in-
creased from 1.53 (SD = 0.69) in 1998 to
1.84 (SD = 0.75) in 2004, then decreased
to 1.59 (SD = 0.77) in 2009. The mean
number of IMBP visits per child aged 0to
4 years per county increased from 0.01
(SD = 0.03) in the first year of the pro-
gram to 0.22 (SD = 0.14) in 2009 (Fig 1).

Regression Results

Table 2 displays the adjusted coef-
ficients from the OLS regression mod-
els examining the association of each
variable with the school-level average
number of dmft per kindergarten stu-
dent for the full sample and the sub-
sample of high-risk schools. In the full
sample, we observed a statistically
significant negative association be-
tween IMBP visits and the school-level
average number of dmft per student.
An increase in the average number of
IMBP visits per child aged 0 to 4 years
per county by 1 unit was associated
with a 0.25 (95% confidence interval
[Cl], —0.40 to —0.09) decrease in the
annual school-level average number of
dmft per kindergarten student.

Approximately 35% of schools had 80%
or more of their students participating
in the NSLP. Among these schools, the
magnitude of the association between
IMBP visits and dmft was greater than
for all schools. An increase in the
average number of IMBP visits per
child aged 0 to 4 years per county by 1
unit was associated with a 0.32 (95% Cl,
—0.55 to —0.09) decrease in the an-
nual school-level average number of
dmft per kindergarten student.

Using coefficients from the regression
models, we ran simulations to calculate
the predicted school-level average num-
ber of dmft per kindergarten student,
under 6 different scenarios of IMBP
implementation (Table 3). In the full
sample of schools, the predicted mean
dmft in 2009 was greatest assuming no
IMBP implementation (1.45; 95% Cl, 1.39
to 1.50). Increasing the school-level
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FIGURE 1

Year

Annual average number of IMBP visits per child aged 0 to 4 years per county.

average number of IMBP visits per
county by 500, 1000, 2000, and 4000 visits
led to corresponding predicted reduc-
tions in school-level average number
dmft per kindergarten student of 0.03,
0.04, 0.06, and 0.09, respectively, com-
pared with actual 2009 values.

Schools that had 80% or more students
participating in the NSLP had a higher
school-level average dmft score than
the full sample of schools (Table 3). In
this subgroup, the school-level average
dmft was 1.77. Assuming no IMBP im-
plementation in 2009, predicted aver-
age dmft was 1.79 (95% Cl, 1.68 to 1.90).

Increasing the mean number of IMBP
visits per county led to corresponding
predicted reductions in mean dmft per
kindergarten student of 0.05, 0.06, 0.07,
and 0.12.

DISCUSSION

Surveillance information presented in
this study suggests that the prevalence
of dental caries in primary teeth of
children in North Carolina increased
slightly in the first few years of the
2000s, then started to decline around
the middle of the decade and continued
through the end of the observation
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period for this study. Against these
secular trends in dental caries, we
sought to determine whether the an-
nualincreasein IMBP visits since 2000 is
associated with the observed im-
provement in oral health that began in
the mid-2000s. We found that the in-
crease in IMBP visits for Medicaid-
enrolled children was associated with
a small but statistically significant re-
duction in dmft scores among kinder-
garten students in the state.

The magnitude ofthe population impact
of the IMBP is determined by the expo-
sure rate for preventive dental services
in the overall population and the mag-
nitude of the effect of the intervention
among those exposed. Evidence sug-
gests that the IMBP is sufficiently wide-
spread and effective enough to have
ameasurable effect onthe oral health of
preschool-aged children. The number of
Medicaid children0to 3 years of age and
thus those who are eligible for IMBP
services has increased faster than the
population of children <<5 years of age,
the denominator used for this analysis.
The increase was from 29% of the pre-
school population in 2001 to 42% in
2009, a sizable increase in the pro-
portion of the population. Use of

TABLE 2 Adjusted Coefficients From Multivariate Regression Model Examining Effect of the IMBP on the Mean Number of dmft per Kindergarten

Student per School

Variable All Schools (N = 1294) Only Schools That Had =80% of
Students Participate in NSLP
During at Least 1y (N = 448)
Mean number of IMBP visits per child aged 0—4 y per county (lagged 3y, to age 2) —0.248** —0.320**
(—0.401 to —0.096) (—0.553 to —0.087)
Number of dentists per 10 000 population per county 0.035* 0.038
(0.002 to 0.068) (—0.026 to 0.103)
Number of primary care physicians per 10 000 population per county —0.016* —0.007
(—0.029 to —0.002) (—0.031t0 0.018)
Percentage of children aged 0—19 y Medicaid eligible per county 0.010%* 0.024***
(0.005 to 0.015) (0.015 to 0.034)
Percentage of students participating in NSLP per school 0.004*** 0.002
(0.002 to 0.006) (—0.001 to 0.004)
Percentage of kindergarten students who are Hispanic per school 0.018*** 0.017%+*
(0.015 to 0.020) (0.013 to 0.020)
Intercept 0.879%** 0.711%**
(0.671 to 1.088) (0.310 to 1.111)
Adjusted R 0.685 0.604

Cluster-robust SEs adjusted for potential correlation between schools’ errors over time. 95% Cl in parentheses.

* P < .05; **P < .01, **P < .001.
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TABLE 3 Predicted Reduction in Mean dmft per Student per School Based on Simulated 2009 IMBP Visits

2009 Actual Values No IMBP Implementation ~ +500 Visits ~ +1000 Visits ~ +2000 Visits ~ +4000 Visits
per County per County per County per County
Input values for predictions
Mean number of IMBP visits per county 2823 0 3323 3823 4823 6823
Mean number of children aged 0-4 y per county 15315 15315 15315 15315 15315 15315
Mean number of IMBP visits per child aged 0—4 y 0.18 0 0.22 0.25 0.31 045
per county
State-level measures
Total number of IMBP visits 132 658 0 182658 232658 332658 532658
Total number of eligible children aged 1-3 y 176 313 176 313 176 313 176 313 176 313 176 313

Total number of IMBP visits per eligible 0.75 0 1.04 1.32 1.89 3.02
child aged 1-3 y
Predictions of mean dmft

Mean dmft (95% Cl) 1.423 145 1.391 1.383 1.368 1.334
(1.39 to 1.50) (1.34t0 1.44) (1.34t0 1.43) (1.32t0 1.42) (1.27 to 1.40)
Mean dmft in schools with =80% students eligible 1.766 1.791 1.720 1.711 1.692 1.647
for NSLP (95% Cl) (1.68 to 1.90) (163t01.82) (16210 1.81) (1.60to 1.79) (1.54 to 1.76)
Cumulative change in mean dmft over next 5y 0.135 —0.161 —0.199 —0.273 —0.447
in all schools
Cumulative change in mean dmft over next 5y 0.125 —0.228 —0.276 —0.372 —0.596

in schools with =80% students eligible for NSLP

preventive dental services provided
through the IMBP by children <<3 years
of age quickly expanded from only 40
counties when the program was first
implemented to all 100 counties.'* By
the end of the study period in 2009,
more than 130000 preventive dental
visits were occurring in a little more
than 40% of well child visits for 1- to
3-year-olds.

The delivery of a comprehensive set of
preventive dental services in primary
medical care is a new idea, but evidence
has emerged demonstrating its effec-
tiveness in improving pediatric oral
health. Currently 46 state Medicaid pro-
grams reimburse physicians for some
preventive dental services, most having
adopted the policy since 2006.3' Fluoride
varnish, which is recommended by the
American Academy of Pediatrics32 and
the US Preventive Services Task Forces?
for use by physicians beginning as soon
as the first tooth erupts, is the pro-
cedure most commonly reimbursed.
Studies of the North Carolina program
found that Medicaid-enrolled children
who have at least 4 IMBP visits by 3 years
of age have a 17% lower rate of dental
caries—related treatments by 6 years of
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age compared with children with no
visits.™> A systematic review by the
Cochrane Collaboration of the available
evidence from clinical trials produced
a pooled preventive faction for dental
caries of 0.33 (95% Cl, 0.19 to 0483),
leading it to conclude that fluoride var-
nish results in a substantial benefit for
the primary dentition.3

We observed a positive association be-
tween the proportion of students in
a school participating in the NSLP and
the mean number of dmft per kinder-
garten student per school. Thisfinding is
consistent with individual-level studies
in which children from low-income
families have more dental disease
than children from families with higher
incomes.35-37 We found an increase of 3
percentage points in the effectiveness of
the IMBP in high-risk schools compared
with all schools. The larger effect of
IMBP services in high-risk schools sug-
gests that on average, children from
low-income families are benefiting
more from the IMBP than those from
higher-income families. This strategy in
which students who attend high-risk
schools are targeted through their
primary care medical offices before

attending school should help reduce
oral health disparities.

The regression-based predictions of
IMBP effects are helpful for planning
program expansions and enhance-
ments. We estimated dmft changes with
an increase in IMBP visits using 4 dif-
ferent scenarios,varying froma 1.38-fold
to a 4.02-fold increase in total number of
visits over the 2009 value of 132 658.
Estimated cumulative 5-year reductions
in mean dmft for all schools varied from
0.16 to 0.60 dmft per student per school
with the different predictions. The
maximum reduction in dmft requires
increasing the average number of IMBP
visits per eligible child from its current
level of 0.75 to 3.02 per county. These
simulations demonstrate that addi-
tional and substantial reductions in oral
health disparities require that we not
only continue to expand the successful
IMBP in primary care but supplement it
with dental caries prevention strategies
implemented in other settings that
reach families with young children with
effective services.3839

The main limitation of this study is its
ecologic design, in which IMBP exposure
and dmft scores are aggregated at the



group level. This design has been used
extensively in public health and other
disciplines but has known limitations 4041
Variation of extraneous risk factors
within or across groups can lead to
confounding or effect modification by
group. We controlled for major trends
other than IMBP services that could
contribute to confounding of the eco-
logic IMBP and dmft association, 2 im-
portant sociodemographic changes in
the North Carolina population (percent-
age Hispanic, percentage eligible for
NSLP), and access to preventive dental
services outside the medical office
(dentists per population). We also con-
trolled for time-invariant unobserved
differences in schools through the use of
school fixed effects and varying annual
trends with year fixed effects.

The study is also subject to bias in the
classification of exposures to IMBP
services within groups. The total
population of kindergarten students
includes both children who are eligible
for IMBP services and those who are
not, and we do not know who received
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