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Dental caries is the most common chronic
pediatric disease in the United States and
overwhelmingly affects poor and minority
children.1---3 Data from the National Health
and Nutrition Examination Survey show that,
between 1999 and 2004, 67% of poor chil-
dren aged 6 to 8 years had dental caries (teeth
that had been damaged by decay).4 Among
children aged 2 to 11 years, 55% of Mexican
American, 43% of African American, and 39%
of non-Latino White children have been shown
to be affected by caries.5

Because childhood caries can be prevented
with regular dental care, community water
fluoridation, oral hygiene, and avoidance of
cariogenic foods, improving children’s oral
health is a public health priority.1,5---8 The
Healthy People 2020 initiative aims to decrease
caries in children and adolescents by 10%
and to increase the proportion of low-income
children and adolescents who receive preven-
tive dental care by 10%.9 These goals are
modest and achievable, particularly given
that preventive dental care coverage is avail-
able for the majority (70%) of poor children in
the United States through Medicaid’s Early and
Periodic Screening, Diagnosis, and Treatment
benefit.10

Despite this coverage level, there has not
been wide-scale access to dental care among
poor, insured children.11 In 2010, only 44%
of Medicaid-enrolled children aged 3 to 5 years
and 49% of Medicaid-enrolled children aged
6 to14 years received preventive dental care.12

This represents a modest increase relative to
previous years. In 2008, for example, 43%
of children aged 3 to 6 years and 48% of
children aged 7 to 11 years who had been
enrolled in fee-for-service Medicaid for the
entire year received preventive dental care.13

In 2005, 33% of Medicaid-enrolled
children aged 3 to 5 years and 39% of

Medicaid-enrolled children aged 6 to 14 years
received any preventive dental care.14

Because states have variable procedures
for collecting race and ethnicity data from
enrollees, these analyses provide only limited
insight into trends in receipt of oral health care
among Medicaid-enrolled minority children.15

Prior Medicaid analyses have also failed to take
into account the status of children in immigrant
families, including children who are themselves
immigrants or have at least one parent born
outside of the United States or its territories.16

Children of immigrants are predominantly US
citizens (89%) and account for 1 in 3 poor
children, 78% of Asian children, and 58%
of Latino children in the United States.17 They
are less likely than their peers with nonimmi-
grant parents to use many types of medical
services.18,19 For example, children in immi-
grant families are less likely to have a usual
source of health care,18,20,21 to receive primary
care in a patient-centered medical home,22 or

to receive annual pediatric care.22,23 Barriers
to care that are concentrated among the chil-
dren of immigrants include limited English
proficiency (only 56% of children in immigrant
families have at least 1 English-proficient par-
ent, as compared with 99% of other children)
and lack of familiarity with the US health
system.20,24,25

We sought to add to the literature by
examining receipt of preventive dental
care among Medicaid-enrolled children in
Pennsylvania, with a specific focus on
US-born children of immigrants. We used
parent-identified race/ethnicity data derived
from birth records to examine changes from
2005 to 2010 in dental care receipt and
compare US-born children of immigrants
with their co-ethnic peers in nonimmigrant
families. We hypothesized that children of
immigrants would be disadvantaged relative
to other children within each racial/ethnic
group.

Objectives. We describe trends in receipt of preventive dental care among

Medicaid-enrolled children in Pennsylvania between 2005 and 2010, comparing the

US children of immigrants with their co-ethnic peers in nonimmigrant families.

Methods. We analyzed Pennsylvania Medicaid claims, birth records, and

census data for children born in Pennsylvania and enrolled in Medicaid for 10

or more months during any of the calendar years assessed.

Results. Receipt of preventive dental care was more likely among Latino

children in immigrant families than among their peers in nonimmigrant families;

also, it was more likely amongWhite children in immigrant families than among

their peers in nonimmigrant families. Rates of preventive dental care use among

African American and Asian children in immigrant and nonimmigrant families

were comparable. From 2005 to 2010, the percentage of Latino children in non-

immigrant families who received preventive dental care increased from 33% to 61%.

Changes in other groups were significant but less dramatic.

Conclusions. Receipt of preventive dental care has increased among

Medicaid-enrolled children in Pennsylvania, with marked gains among Latino

children. Within each racial/ethnic group, the children of immigrants were

either more likely than or equally likely as children in nonimmigrant families

to receive care. (Am J Public Health. 2014;104:2400–2408. doi:10.2105/AJPH.

2014.302157)
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METHODS

We used longitudinal Medicaid data from
2005 to 2010 to conduct an observational,
repeated measures analysis of children aged
0 to 10 years in Pennsylvania. The study
population was derived from the state’s Med-
icaid program. Income eligibility limits were
185% of the federal poverty level (FPL) for
infants, 133% of the FPL for children aged 1 to
5 years, and 100% of the FPL for children aged
6 to 18 years during the study period.26---31

We linked11consecutive years of birth records
(2000---2010) to Medicaid enrollment records
for 2005 to 2010 via an algorithm in which
records were linked sequentially through es-
sential name and date of birth elements (e.g.,
last name, date of birth). Linkage was per-
formed to obtain parental race and ethnicity
data, as well as maternal nativity data, from
the birth records. Forty-two percent of births
during this period were linked to Medicaid
enrollment records (see the Appendix, avail-
able as a supplement to the online version of
this article at http://www.ajph.org). Given that
36% of Pennsylvanian children younger than
18 years and 47% of children aged1 to 5 years
were enrolled in Medicaid in 2009, this reflects
a high linkage rate.32

In accord with the stepwise procedure out-
lined in Figure 1, children with linked birth
and Medicaid records were eligible for the
analytic sample if they resided within the state,
they were enrolled in Medicaid for at least
10 months of any calendar year from 2005
to 2010, their last known address could be
assigned to a 2010 American Community
Survey Zip Code Tabulation Area (ZCTA), and
they had no missing information regarding
maternal nativity. If more than one child in
the same family met these eligibility criteria,
one of the children was randomly selected for
inclusion. We used the 10-month Medicaid
enrollment criterion rather than a full-year
enrollment requirement because Pennsylvania
had intermittently implemented 6-month
(rather than 12-month) Medicaid renewal pro-
cedures during the study period, which could
have led to brief gaps in coverage for a large
number of children.26,33

Requiring nonmissing maternal nativity data
resulted in a small number of exclusions (2%).
Children who were excluded for this reason

were disproportionately likely to be African
American, to be from urban ZCTAs in which
a high proportion of residents were living
below the FPL, and to have multiple missing
data fields in their birth certificate (Table A,
available as a supplement to the online
version of this article at http://www.ajph.
org). The final analytic sample included
371 381 children and 1 146 334 child-year
observations.

Six consecutive years of Medicaid claims files
(2005---2010) provided data on the primary
outcome, annual receipt of preventive dental
care. Annual receipt of preventive dental care
was dichotomized according to the Centers for

Medicare and Medicaid Services definition,
which classifies preventive dental care as
any Current Dental Terminology claim from
D1000 through D1999.34 In this sample,
nearly all (more than 98%) claims from these
codes applied to prophylactic dental cleaning,
fluoride varnish applied by an oral health
provider, or sealants. This definition was se-
lected to allow for comparisons with other
state and federal data on use of preventive
dental care and because it was comparable to
definitions used by other authors.35---37 In the
case of each child, the primary outcome was
determined for each calendar year that she or
he was included in the data set.

Restricted to one randomly selected child per family

371 381 (68.1%)

Restricted to children with non-missing data for

maternal nativity 

545 387 (97.9%)

Matched to 2010 American Community Survey 5-year

Estimate Zip Code Tabulation Areas (ZCTA) 

556 956 (99.6%)

Restricted to children enrolled in Medicaid ≥ 10 months

of ≥ 1 calendar year (2005-2010) 

559 080 (82.1%)

Matched to birth records, 2000-2010

681 345 (78.9%)

Medicaid enrollment files (2005-2010) for children born

2000-2010 

863 658 children aged 0-10 years

FIGURE 1—Cohort development.
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Variables

The primary independent variable com-
bined race, ethnicity, and maternal nativity
through data from state birth files.38 Each
child’s race/ethnicity was derived from his or
her parents’ self-reported race and ethnicity
and categorized as follows: non-Latino White,
non-Latino African American, non-Latino
Asian, Latino (any race), mixed (indicating that
the child’s mother and father differed from
each other in their racial or ethnic heritage),
and other (including children whose parents
identified their ethnicity as non-Latino and
their race as “other” or for whom race/ethnicity
information was missing). Maternal nativity
was dichotomized as US-born (including US
territories) or non---US-born. We combined
race/ethnicity and maternal nativity into
a 12-level variable to compare children in
immigrant and nonimmigrant families within
the same racial/ethnic group.

The primary sources of data on the covariates
assessed were birth files, 5-year estimates from
the 2010 American Community Survey,39 the
2010 US census,40 and the Health Resources
and Services Administration’s dental health
provider shortage area (DHPSA) database
(geographic DHPSAs are regions with limited
access to dental professionals).41 Covariates
were selected after a review of the pediatric
oral health service literature.42 Adjusted
models included both time-invariant (maternal
education,43 neighborhood poverty,43 neigh-
borhood density44,45) and time-varying
(DHPSA,46,47 age,48 insurance49) covariates.

We categorized maternal educational at-
tainment as less than high school, high school
or equivalent, some college, bachelor’s degree
or higher, and unknown (2.4%). We used
the ZCTA of the child’s most recent address
to assign neighborhood-specific covariates.
Neighborhood poverty, a proxy for neighbor-
hood socioeconomic status, was defined as the
percentage of neighborhood residents living
below the FPL50 and was categorized in quar-
tiles as follows: 0% to 5.4% (level 1), 5.41% to
10.4% (level 2), 10.41% to 15.7% (level 3),
and more than 15.7% (level 4).

Neighborhood density was categorized as
high (> 1000 people per square mile), moderate
(285---1000 people per square mile), or low
(£ 284 people per square mile). We selected
these categories after mapping ZCTA-level

population density as a continuous variable
against designated rural and urban areas
across the state51---53 via ArcGIS.54 The cut-
point for high density corresponded to the
US Census Bureau’s definition, whereas that
for low density corresponded to the definition
used by the Commonwealth of Pennsylvania,
allowing for comparisons with other Pennsylvania
studies assessing urban---rural differences.
Rural-Urban Commuting Area codes, which
were designed to categorize degrees of rurality
across the entire United States, were not used
because they incorporate data on commuter
behavior in addition to a community’s size
and density. We believed that, in the case of
children, it would be more important to use
a system that would describe the immediate
residential environment rather than parents’
work environments.55

We created time-varying variables for each
calendar year. DHPSA status was dichotomized
for each zip code area. Age was categorized
as 1 year or younger, 2 years, 3 years, 4 years,
and 5 to 10 years. Children aged 5 to 10 years
were grouped together because, consistent
with other research,48,49 preliminary analyses
indicated that their rates of dental care use
were nearly identical. A 7-level insurance
variable was created to indicate whether chil-
dren were enrolled in Medicaid fee for service,
one of the state’s 5 largest Medicaid managed
care organizations, or one of the many small
Medicaid managed care organizations that each
individually covered less than 3% of the
sample.

Data Analysis

For each age group and calendar year, we
reviewed pairwise comparisons with respect
to the primary independent variable and all
covariates. Pearson v2 and Fisher exact tests
were used to compare children within each
racial/ethnic group (Table 1). We used an
unstructured matrix to construct generalized
estimating equation (GEE) models for the
binary outcome (preventive dental care or
no care in the calendar year); models were
constructed in Stata SE version 12.56 GEE
modeling extends logistic regression by appro-
priately accounting for correlations within re-
peated measurements over time. This allowed
us to include the same children in the data
set for more than 1 calendar year, permitting

a more accurate examination of changes over
time. Excluding children with repeated mea-
sures (i.e., > 1 year of Medicaid enrollment)
would have limited our results to an atypical
population, as the mean duration of Medicaid
enrollment within our analytic sample was
more than 4 years. All models were adjusted
for age group, year, the combined race/ethnicity
and nativity variable, and the interactions be-
tween year and age group and between year
and race/ethnicity and nativity. The fully ad-
justed model also included all other covariates.

We conducted a sensitivity analysis to con-
firm that our results did not change when
the GEE models were modified to adjust the
standard errors for clustering within the dif-
ferent geographic regions. In this analysis, we
used an exchangeable correlation structure to
model the pattern of association of measure-
ments within each ZCTA. The findings were
comparable, and thus we include only the
results of the primary analysis.

Results are presented as predicted percent-
ages and 95% confidence intervals (CIs). The
predicted percentages were adjusted for re-
peated measures as well as covariates at the
maternal, area, and health system levels. How-
ever, the results are comparable when pre-
sented as either raw or predicted percentages
(data not shown). We focus on results for
children aged 5 to 10 years with all covariates
set to their mean values (Table 2); results for
children younger than 5 years are presented
in the Appendix. Statistical significance was
set at P< .05 (2-sided).

RESULTS

White children in immigrant families were
less likely than their co-ethnic peers to live in
impoverished neighborhoods or in DHPSAs;
they were more likely to live in densely
populated neighborhoods, and their mothers
weremore likely to be highly educated (Table 1).
Relative to their co-ethnic peers, African
American children in immigrant families were
less likely to live in DHPSAs, and their mothers
had higher levels of education. Asian children
in immigrant families had mothers with higher
levels of education but were otherwise similar
to their co-ethnic peers. Latino children in
immigrant families were less likely than their
co-ethnic peers to live in areas that were
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impoverished or densely populated and less
likely to live in DHPSAs.

The proportion of US-born, Medicaid-
enrolled children who received preventive
dental care rose significantly in all age groups
over the study period, although dental care use
remained below 60% overall and below 25%
among children aged 2 years or younger
(Figure A, available as a supplement to the
online version of this article at http://www.
ajph.org). Among children aged 5 to 10 years,
the percentage receiving annual preventive
dental care rose from 41.1% in 2005 to
55.2% in 2010.

Disadvantage was not concentrated among
US-born children of immigrants (Figure 2).
Both before adjustment (Table C, available
as a supplement to the online version of this
article at http://www.ajph.org) and after ad-
justment for maternal, neighborhood, and
health system characteristics, White children

in immigrant families were more likely than
White children in nonimmigrant families to
have received preventive dental care at each
time point (e.g., 61.9% and 51.4% of children
in these groups, respectively, received care in
2010). Similarly, receipt of preventive dental
care was more likely among Latino children in
immigrant families (72.2% in 2010) than
among their peers in nonimmigrant families
(61.0% in 2010). Rates of preventive dental
care use were moderate and comparable
among African American children in immi-
grant and nonimmigrant families (e.g., 59.5%
and 58.2%, respectively, in 2010). Rates of
preventive dental care use were relatively high
and comparable at each time point among
Asian children in immigrant and nonimmigrant
families (e.g., 68.9% and 63.1%, respectively,
in 2010), although the confidence intervals
around these estimates were wide owing to the
small size of these subgroups (Table 2).

A review of trends over time revealed
differences between groups (Figure 2). Latino
children in nonimmigrant families demon-
strated the largest gains over time, with 61%
(95% CI = 60.2%, 61.9%) of these children
receiving preventive dental care in 2010 in
comparison with 33% (95% CI = 31.3%,
34.7%) in 2005 (Table 2). Substantial in-
creases over the study period were also
noted for Latino children in immigrant fami-
lies (absolute difference = 26.9%). Receipt of
dental care increased by approximately 17
percentage points among African American
children, 15 percentage points among White
children in immigrant families, and 10 per-
centage points among White children in non-
immigrant families during the study period.
Trends over time were comparable among
children younger than 5 years (Figure B,
available as a supplement to the online version
of this article at http://www.ajph.org).

DISCUSSION

Despite offering comprehensive dental cov-
erage for children, state Medicaid programs
have struggled to ensure that all enrolled
children receive annual preventive care. How-
ever, our analysis shows that access to dental
care among US-born, Medicaid-enrolled chil-
dren has been improving in Pennsylvania, with
increasing rates of dental care use among
children in different age, racial/ethnic, and
maternal nativity groups. These improvements
are consistent with state and local initiatives
to increase access to oral health care. During
the study period, Pennsylvania increased
Medicaid reimbursements, streamlined the
provider enrollment process, and expanded
the role of midlevel oral health providers by
instituting the use of public health dental
hygiene practitioners who could offer preven-
tive services without supervision by a dentist in
some settings.49,57,58 Pennsylvania has also
seen increased benchmarking of managed care
organizations; collaboration between oral
health advocates, schools, and child-care pro-
viders; and sustained support for oral health
access initiatives by philanthropic organiza-
tions and dental schools in the state’s largest
urban centers.

In addition, we found that increasing access
to care has resulted in gains for diverse groups

TABLE 2—Adjusted Use of Preventive Dental Care, by Race/Ethnicity and Maternal Nativity:

Medicaid-Enrolled Children in Pennsylvania, 2005–2010

2005 2010

Race/Maternal Nativity Predicted %a (95% CI) Rankb Predicted %a (95% CI) Rankb Change, %c

White

US-born 41.8 (40.8, 42.7) 6 51.4 (51.0, 51.7) 11 9.6

Immigrant 47.1 (43.6, 50.6) 3 61.9 (60.2, 63.6) 6 14.7

African American

US-born 41.3 (40.2, 42.4) 7 58.2 (57.7, 58.7) 9 16.9

Immigrant 42.2 (38.3, 46.1) 5 59.5 (57.7, 61.3) 8 17.3

Asian

US-born 48.0 (36.4, 59.7) 2 63.1 (58.1, 68.2) 4 15.1

Immigrant 49.3 (46.1, 52.5) 1 68.9 (67.6, 70.3) 2 19.6

Latino

US-born 33.0 (31.3, 34.7) 12 61.0 (60.2, 61.9) 7 28.1

Immigrant 45.3 (42.7, 47.9) 4 72.2 (71.4, 73.1) 1 26.9

Mixed

US-born 41.2 (39.8, 42.7) 8 57.5 (56.9, 58.2) 10 16.3

Immigrant 39.8 (34.2, 45.3) 9 62.3 (60.2, 64.5) 5 22.6

Other

US-born 36.7 (31.7, 41.7) 11 58.2 (55.3, 61.1) 9 21.5

Immigrant 38.5 (30.0, 47.0) 10 66.1 (63.3, 68.9) 3 27.6

Note. CI = confidence interval.
aModeled via generalized estimating equations accounting for repeated measures over time and adjusted for all individual,
area, and health system characteristics, as well as interactions between year and age group and between year and the
combined race/ethnicity and nativity variable. Percentages were predicted for children aged 5–10 years with other covariates
set to their mean values.
bAssigned for each group and each year according to the predicted probability for the given year.
cPredicted percentage for 2010 minus predicted percentage for 2005.
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of children, particularly Latino children and
US-born children in immigrant families. This
finding is surprising given that national survey
data have consistently shown that Latino chil-
dren and children in families of limited English
proficiency are among those least likely to
receive dental care.59---61 To our knowledge,
Pennsylvania has not implemented large-scale
programs specifically targeting Latino and
immigrant families for oral health outreach.

Furthermore, 34% of the foreign-born popu-
lation in Pennsylvania has immigrated to the
United States since 2000, often creating new
communities of Latino, African, and Asian
immigrants rather than joining well-established
communities for whom bilingual dental care is
already available.39,62,63

Additional mixed-methods research in-
volving dental care providers and Latino
and immigrant families is needed to better

understand the situation in Pennsylvania, be-
cause there may be lessons learned that could
be applied in other settings. We hypothesize
that the dental workforce may be diversifying
and hence may be increasingly open to caring
for immigrant and minority families; in addi-
tion, increased attention to children’s oral
health may have influenced the programs
and policies of health, public health, and social
service agencies targeting Latino and immigrant
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well as interactions between year and age group and year and the combined variable for race/ethnicity and nativity. Probabilities were predicted for children aged 5–10 years with other covariates

set to their mean values.

FIGURE 2—Adjusted use of preventive dental care by Medicaid-enrolled children aged 5–10 years in nonimmigrant and immigrant families who

self-identified as (a) White, (b) African American, (c) Asian, (d) other race/ethnicity, (e) Latino, and (f) mixed race/ethnicity: Pennsylvania,

2005–2010.
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families (e.g., maternal---child home visitation
programs) in ways that have not yet been
documented. Another hypothesis is that Latino
families may be highly receptive to dental
services when they are accessible. This is sug-
gested by a study in California in which receipt
of insurance, including dental coverage, was
associated with a doubling in rates of preventive
dental care use among cohorts of predominantly
Latino, immigrant children.64 However, we
are also concerned that these changes may
represent downstream effects of worsening
oral health, as oral pain and visible disease
may encourage families to seek care for their
children, and dental caries remains common
among poor children.1,4,5,65,66

Future research should also consider exam-
ining outcomes among specific Latino sub-
groups.67 In our study population, for example,
86% of Latino children in nonimmigrant
families were of Puerto Rican heritage, whereas
the majority of Latino children in immigrant
families were of Mexican (54%) or “other”
heritage (44%), meaning that their mothers did
not self-identify as Mexican, Puerto Rican, or
Cuban. Whether differences between Latino
children in immigrant and nonimmigrant
families are explained by family immigration
status, cultural differences in attitudes toward
oral health or oral health care, differences in
parental English proficiency, or variations in
the availability of services targeting specific
ethnic subgroups remains to be explored.

Another surprising finding was the stagna-
tion in use of preventive dental care services
amongWhite children in our sample. Although
Medicaid-enrolled White children were more
likely than other children to live in rural areas
and DHPSAs and to have been enrolled in fee-
for-service Medicaid, adjusting for these cova-
riates did not account for the differences we
observed. Future studies that seek to identify
the factors responsible for increases in oral
health care use among Latino children and
children in immigrant families should also
explore why these factors have been less
influential among other children.

Limitations

This study is subject to certain limitations.
Limitations on data access necessitated that
the sample be restricted to children born from
2000 through 2010, and thus conclusions are

not generalizable to older children. Nor are
results applicable to foreign-born children,
who represent a small overall percentage of
children in immigrant families but are likely to
be disproportionately affected by barriers to
care, such as limited English proficiency. Sim-
ilarly, our data were derived from a single state;
given the many differences between state
Medicaid programs, our results should not
be generalized to other regions.

There are also limitations in our approach to
cohort development. To ensure that we had
relatively complete data on dental care use, we
restricted the sample in each calendar year to
children enrolled in Medicaid for at least 10
months. For this reason, our results are not
representative of children enrolled for shorter
periods. In addition, our sample may have
suffered from selection bias. Specifically, by
including only children with at least 10 months
of enrollment, we may have captured an
atypical group of immigrant families who were
unusually skilled in navigating the health sys-
tem, which would have allowed them to both
maintain their Medicaid enrollment and obtain
preventive care. However, we found that the
median enrollment periods were very similar
for children in immigrant and nonimmigrant
families. In other words, our analytic sample
may not be representative of all Medicaid-
enrolled children, but selection bias is unlikely
to explain our results.

Other limitations pertain to the definitions of
key covariates. Neighborhood characteristics
were derived from US census files linked to
each child’s most recent home address and
were treated as time-invariant characteristics,
even though area characteristics may change
over time and families may relocate. However,
we found that 50% and 95% of children in
the sample remained within 1 mile and 12
miles of their birth address, respectively, sug-
gesting that relocation was not common. We
did not include paternal nativity in our model
because data on this variable were not col-
lected in Pennsylvania until 2003 and were
missing from 26% of birth records thereafter.
However, in records without missing data,
less than 3% of parental dyads consisted of
a US-born mother and a foreign-born father,
suggesting that including data on paternal
nativity would not have significantly changed
our results.

Also, our analysis focused on race and
ethnicity, constructs that may not necessarily
reflect meaningful social boundaries.68,69 For
example, our data set did not include information
on parental legal status, which may have a greater
impact on health care use than race/ethnicity
or the other covariates we were able to control
for in our analysis.23,70 However, more nu-
anced approaches were not possible with
claims data, and our approach is typical of
health services research.

Finally, claims data may be vulnerable to
misclassification bias. For example, dentists
may provide preventive care without submit-
ting appropriate dental claims, and as a result
some children who have received preventive
dental care may be misclassified as not having
received care. However, we have no reason
to believe that this kind of misclassification
would be more or less common in different
racial/ethnic and nativity groups, and thus it
is less likely that misclassification of dental
status substantially biased our results.

Conclusions

In Pennsylvania, receipt of preventive dental
care has increased among Medicaid-enrolled
children, including Latino children and
US-born children in immigrant families.
Future studies are needed to identify the
factors responsible for these increases in
dental care use and to understand why such
factors have been more influential in the case
of some children than others. j
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