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Abstract This study examined the intersection of rurality

and community area deprivation using a nine-state sample

of inpatient hospitalizations among children (\18 years of

age) from 2011. One state from each of the nine US census

regions with substantial rural representation and varying

degrees of community vulnerability was selected. An area

deprivation index was constructed and used in conjunction

with rurality to examine differences in the rate of ACSC

hospitalizations among children in the sample states. A

mixed model with both fixed and random effects was used

to test influence of rurality and area deprivation on the odds

of a pediatric hospitalization due to an ACSC within the

sample. Of primary interest was the interaction of rurality

and area deprivation. The study found rural counties are

disproportionality represented among the most deprived.

Within the least deprived counties, the likelihood of an

ACSC hospitalization was significantly lower in rural than

among their urban counterparts. However, this rural

advantage declines as the level of deprivation increases,

suggesting the effect of rurality becomes more important as

social and economic advantage deteriorates. We also found

ACSC hospitalization to be much higher among racial/

ethnic minority children and those with Medicaid or self-

pay as an anticipated source of payment. These findings

further contribute to the existing body of evidence docu-

menting racial/ethnic disparities in important health related

outcomes.

Keywords Rural � Children � Ambulatory care sensitive

conditions � Primary care � Social determinants

Introduction

As Affordable Care Act (ACA) implementation in the

United States continues to reduce the proportion of the

population without health insurance coverage, the impact

of expanding insurance and health system reforms on

effective primary care delivery for children remains largely

unknown. There is, however, a need to understand existing

community vulnerabilities and have metrics to monitor

changes in the primary care system for children over time.

Hospitalizations from ambulatory care sensitive (ACS)

conditions, or those deemed by medical professionals as

potentially preventable, are an increasingly common mea-

sure of access to primary care of reasonable quality [1].

Previous research has noted that hospitalization for

ACSC diagnoses are more common among rural commu-

nities than among urban [2–8], suggesting gaps in service

availability or quality for rural populations. Among chil-

dren, however, these findings are mixed. Some research

suggests that hospitalizations from ACSC are higher

among rural children [2–4], while other studies have found

no associations between rural residence and ACSC hospi-

talizations for this population [5]. The majority of studies,

however, tend to be limited in scope, single state focused or
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oriented to a small number of ambulatory care sensitive

conditions [9].

One potential reasons for these mixed findings is the

extent to which area-level vulnerabilities more common in

rural communities, but not exclusive to such communities,

may influence observed outcomes. Higher rates of poverty

and unemployment, lower rates of educational attainment,

and the lack of access to affordable health care represent

just some of the social determinants of health more

prevalent in rural US communities which may contribute to

observed health disparities [10]. Research suggests these

underlying vulnerabilities also play a role in hospitaliza-

tions from ACSC and should be considered when exam-

ining this outcome [11].

Area deprivation, as a way of conceptualizing the

intersection of these underlying community vulnerabilities,

is an approach that has been used in United Kingdom,

Europe and Asia when examining health care utilization

[11, 12]. The core notion is that an index comprised of

multiple indicators of the environment will be more

accurate in pinpointing high-risk areas than examining

each of the indicators alone, as is more commonly done in

ACSC studies [13]. Use of an index reduces inter-corre-

lation among multiple factors that generally vary together,

such as employment and education, which are a threat to

the validity of multivariable analysis.

The present study examines the intersection of rurality

and area deprivation using hospitalizations for ACS diag-

noses as an indicator of potentially inadequate access to

care. A nine-state sample of inpatient hospitalizations

among children (\18 years of age) from 2011 was used in

the study. One state from each of the nine US census

regions with substantial rural representation and varying

degrees of community vulnerability was selected. An area

deprivation index was constructed and used in conjunction

with rurality to examine differences in the rate of ACSC

hospitalizations among children in the sample states. The

interaction of rurality and area deprivation was of primary

interest for this study. We examined the extent to which

observed effects of rurality vary within comparable levels

of area deprivation. We anticipated some level of disparity

between rural and urban children, and also expected dif-

ferences among varying levels of area deprivation. How-

ever, the interplay of these two factors remains largely

unknown.

Materials and Methods

Design and Data Source

We conducted a cross-sectional analysis of hospital dis-

charge data from the 2011 AHRQ State Inpatient

Databases (SID). Although 44 states participate in the SID,

only 24 provide the patients’ county of residence. From this

24, nine states were chosen, using a selection algorithm

that provided: (1) one state from each of the nine US

Census regions; (2) adequate numbers of discharges; (3)

adequate numbers of rural counties; (4) adequate repre-

sentation of minority children; and (5) cost-effective data

purchase. The selected states included 552 counties, about

18 % of all counties in the US

In total, 464,671 hospital discharges to children

(\18 years of age) occurred in 2011 among the sample

states. Approximately 64 % of the all discharges in the

sample occurred Florida (147,994) and New York

(149,460). Michigan accounted for nearly 10 % of dis-

charges (45,198), while the remainder came from Wash-

ington (31,258), Colorado (29,525), Mississippi (27,806),

Arkansas (25,306), South Dakota (6635) and Vermont

(1759).

Study Variables

Hospitalization for an ACSC, the outcome of interest, was

defined using the diagnosis list developed by Lu and Kuo

[14]. We then created an area deprivation index to provide

a practical measure of county-level vulnerability using

public and readily available data. After a review of the

literature for existing indices of area deprivation, we

identified three area-level indices similar in concept to the

present study, but not directly transferrable. The most

closely related index came from Eibner and Sturm [15],

which was heavily influenced by parallel indices con-

structed in the United Kingdom [12].

The Eibner and Sturm index uses unweighted Census-

tract data from 16 variables reflecting various social

determinants to measure deprivation. Relevant socio-de-

mographic measures included income, poverty, unem-

ployment, high school graduation rate, car ownership,

household overcrowding, home ownership, percent mar-

ried, percent non-white, percent non-English speakers,

access to grocery stores and parks. Our index development

process paralleled Eibner and Sturm, but used county of

residence as the level of analysis. We began with the socio-

demographic variables noted above. Car ownership was

removed for conceptual reasons, as not owning a car in

densely populated urban areas is not uncommon in the

United States. Household overcrowding was dropped, as a

reliable data source was not available. Finally, percent

minority population was also dropped, recognizing the

inappropriateness of labeling ‘‘non-white’’ a less than

desirable status [16].

Using the remaining nine variables, we conducted a

principal components analysis (PCA) to determine which

of these variables were highly correlated with the concept
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of deprivation. The results of our PCA determined that

these nine variables were measuring four discrete con-

structs, represented by four components. Five of our study

variables loaded on the first component: income, poverty,

unemployment, high school graduate rate, and single

parent homes. These five variables were retained for

construction of our deprivation index. We standardized

the variables using z-scores, with the direction of positive

or negative change across each variable in a consistent

direction, summed the scores across the retained vari-

ables, and divided the results into quartiles to derive the

actual index used in the analysis. Derivation of the index

included all US counties, with quartile values assigned to

each county in the sample. Child residence was measured

at the county level. Rurality was defined using 2013

Urban Influence Codes (UIC), UIC codes 1 and 2 clas-

sified as urban and UIC codes (3–12) were considered

rural [17].

In addition to rurality and area deprivation, additional

individual characteristics and health system capacity

measures were also included in the analysis. Individual

factors were derived from the State Inpatient Database and

include the child’s age, race/ethnicity, gender, and expec-

ted source of payment. Health system capacity was mea-

sured at the county level and includes the presence of a

Federally Qualified Health Center (FQHC), Rural Health

Clinic (RHC), and the quartile distributions of physicians

and hospital beds per capita (10,000). The quartile distri-

bution of physicians and hospital beds were derived from

the 2012 Area Health Resource File (AHRF) and reflect the

position of each studied county among all counties in the

United States, not just the nine-state sample.

Statistical Analysis

A mixed model with both fixed and random effects was

used to test influence of rurality and area deprivation on the

odds of a pediatric hospitalization due to an ACSC within

the sample. Of primary interest was the interaction of

rurality and area deprivation. We specifically examined the

effect of rurality within comparable levels of area depri-

vation. Fixed effects for rural, area deprivation, the inter-

action of rural and area deprivation, race/ethnicity, age,

gender, pay source, transfer status, presence of a Federally

Qualified Health Center or Rural Health Clinic, and the per

capita number of physicians and hospital beds (10,000)

were included in the model. Random effects for state were

included in the model to account for unobserved hetero-

geneity at the state level. Predicted probabilities or mar-

ginal means were derived from the model incorporating

both fixed and random effects in the estimates. All analysis

was conducted using Stata version 12.

Results

Characteristics of the Study Population

Approximately 14 % of hospital discharges studied

involved children who lived rural counties, while 86 % of

discharges occurred among urban children (Table 1).

Nearly one-third of child discharges in the sample took

place in communities that are among the most deprived

(34.88 %). Sample discharges most commonly involved

children between 0 and 4 years of age (42.51 %) and white

race/ethnicity (48.12 %). Black and Hispanic children

accounted for 22.81 and 18.90 % of discharges, respec-

tively. Slightly over one in three discharges had private

insurance as a payment source (35.87 %), while Medicaid

was the source of payment for over half of the all dis-

charges (56.23 %).

When examining measures of health system capacity

(Table 1), the majority of discharges involved children

(91.14 %) who resided in a county with at least one Fed-

erally Qualified Health Center (FQHC), while 28.69 %

resided in a county with a Rural Health Clinic (RHC). Most

discharges among children occurred in counties with the

per capita physician ratio and number of hospital beds

available were in the top third and fourth quartiles.

Discharges among children in rural counties were dis-

proportionately in the most deprived counties (41.18 %),

compared to 33.85 % among urban county residents

(p\ 0.05; Table 1). Conversely, 15.13 % of child dis-

charges occurring in urban counties were among the least

deprived, compared to 6.55 % among rural. The age dis-

tribution of discharges among urban and rural children was

comparable, with 42.12 % of urban discharges involving

children ages 0–4 years, compared to 44.96 % of dis-

charges among rural. Significant variation in the racial/

ethnic composition of child discharges in the sample was

noted, with 44.92 % of urban discharges occurring among

white children compared to 67.83 % among rural dis-

charges (p\ 0.05). Approximately 20.75 % of discharges

among Hispanic children in the sample occurred in urban

areas compared to only 7.54 % in rural. Differences in

anticipated source of payment were also noted, with

36.76 % of discharges among urban children being paid

through private insurance compared to 30.40 % of rural

discharges. Conversely, 66.50 % of discharges among rural

children had Medicaid as a source of payment compared to

55.21 % of among their urban counterparts (p\ 0.05).

The presence of an FQHC in the county was more

common in urban counties, with 94.87 % of urban child

discharges occurring in communities with an FQHC com-

pared to 68.21 % among rural child discharges (p\ 0.05,

Table 1). As expected, more rural child discharges
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Table 1 Child discharges by

characteristics of the child’s

county of residence, personal

characteristics, and county-level

health system capacity, nine

states, 2011

Total (%) Urban (%) Rural (%) p value

(n = 464,291) (n = 399,370) (n = 64,921)

Level of deprivation (quartiles) \0.001

Least 13.93 15.13 6.55

Not very 23.42 23.85 20.75

Somewhat 27.77 27.16 31.53

Most 34.88 33.85 41.18

Individual characteristics

Childs age \0.001

0–4 42.51 42.12 44.96

5–9 13.63 13.88 12.08

10–14 15.83 16.10 14.19

15? 28.03 27.91 28.77

Race/ethnicity \0.001

White 48.12 44.92 67.83

Black 22.81 23.56 18.15

Hispanic 18.90 20.75 7.54

Other 10.17 10.77 6.48

Gender \0.001

Male 50.02 50.34 48.05

Female 49.98 49.66 51.94

Pay source \0.001

Private 35.87 36.76 30.40

Medicaid 56.23 55.21 62.50

Self 2.81 2.83 2.67

Other 5.09 5.20 4.43

Health system capacity

Community health center \0.001

No 8.86 5.13 31.79

Yes 91.14 94.87 68.21

Rural health clinic \0.001

No 71.31 77.99 30.2

Yes 28.69 22.01 69.8

Physicians per capita (10,000) \0.001

Quartile 1 (\2.64) 4.35 1.80 20.03

Quartile 2 (2.65–4.01) 14.37 10.78 36.44

Quartile 3 (4.02–5.8) 41.13 44.00 23.48

Quartile 4 ([5.8) 40.15 43.42 20.05

Hospitals beds per capita (10,000) \0.001

Quartile (\8.70) 3.04 1.84 10.39

Quartile 2 (8.71–21.24) 19.68 18.98 24.00

Quartile 3 (21.25–40.03) 54.74 58.56 31.22

Quartile 4 ([40.04) 22.55 20.62 34.39

Hospital transfers \0.001

No transfer 87.23 87.80 83.71

Transfer out 9.46 9.00 12.29

Transfer in 2.66 2.54 3.42

Transfer in/out 0.65 0.66 0.58
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occurred in communities with an RHC than among urban

child discharges (69.8 vs. 22.0 %). The distribution of

physicians per capita was much different for urban and

rural child discharges in the sample. Approximately 1.8 %

of discharges to urban children occurred among commu-

nities with the lowest quartile for physicians per capita,

compared to 20.03 % of rural children (p\ 0.05). Con-

versely, only 20.05 % of rural child discharges occurred in

counties among the top quartile of physicians per capita,

versus 43.42 % of urban child discharges (p\ 0.05).

Bivariate Analysis Results

As shown in Table 2, unadjusted bivariate analysis found

no differences in the likelihood that a hospitalization would

be due to ACSC among children by rurality alone. Across

all discharges, approximately 25.35 % were due to ACSC

among urban children compared to 24.08 % among rural

children (unadjusted odds ratio 0.93; 95 % CI 0.73–1.19).

Examining characteristics of the children themselves

(Table 2), ACSC hospitalization rates were higher among

those ages 5–9 (37.28 %) than among those 0 to 4 years of

age (32.75 %; unadjusted odds ratio 1.22; 95 % CI

1.09–1.37). Significant differences by race/ethnicity were

also noted with 22.34 % of hospitalizations due to ACSC

among white children compared to 28.54 % among black

children (unadjusted odds ratio 1.39; 95 % CI 1.30–1.49)

and 28.57 % among Hispanic children (unadjusted odds

ratio 1.37; 95 % CI 1.20–1.57). ACSC hospitalization rates

were also significantly higher among child discharges with

Medicaid as payment source (26.80 %) compared to those

with private insurance (23.10 %; unadjusted odds ratio

1.21; 95 % CI 1.12–1.32).

Considering measures of health system capacity, child

discharges occuring counties with a FQHC had a slightly

higher proportion of ACSC hospitalizations (25.39 %)

compared to 22.97 % among those with no FQHC (unad-

justed odds ratio 1.14; 95 % CI 1.05–1.24). No differences

in ACSC hospitalizations were noted by quartiles of

physicians per capita.

Adjusted Analysis Results

Results from the adjusted analysis are shown in Table 3.

After adjusting for individual measures, heath system

capacity, and potentially unobserved heterogeneity at the

state level, a slightly different pattern emerges. Although

rurality alone was not a significant predictor of ACSC

hospitalization, our findings suggest a differential impact of

rurality within comparable levels of area deprivation. The

interaction of rurality with level of area deprivation was

significant; therefore dummy variables for the interaction

were added to the models and differences in the likelihood

of ACSC admissions between rural and urban were

examined within each level of area deprivation.

Within the least deprived counties, the odds ACSC

hospitalization were significantly lower in rural counties

compared to urban counties (adjusted odds ratio 0.805,

95 % CI 0.741–0.876). Among not very deprived counties,

the odds of hospitalization remained lower in rural counties

compared to urban counties (adjusted odds ratio 0.937,

95 % CI 0.891–0.984). Among somewhat deprived coun-

ties however, the likelihood of ACSC hospitalization in

rural counties is higher than that observed among urban

counties (adjusted odds ratio 1.037, 95 % CI 0.997–1.080),

but not statistically significant at alpha 0.05 level

(p value = 0.074). Similar findings were noted among the

most deprived counties (adjusted odds ratio 1.038, 95 % CI

0.998–1.081, p value = 0.065).

We interpret these findings to suggest that the effect of

rurality becomes more important relative to what is

observed among urban counties as area deprivation wors-

ens. Figure 1 shows the predicted probability (marginal

means) from the model for ACSC hospitalizations that

includes both fixed and random effects, further illustrating

the observed effect. In essence, the likelihood of ACSC

hospitalization among discharged children in urban com-

munities is largely unchanged across levels of area depri-

vation when adjusting for previously mentioned factors—

but that is not the case for rural communities.

Additional differences in ACSC hospitalization by

individual characteristics and health system capacity are

also shown in Table 3. The likelihood of ACSC hospital-

ization was significantly higher among discharges to black

children (adjusted odds ratio 1.27, 95 % CI 1.24–1.29) and

Hispanic children (adjusted odds ratio 1.18, 95 % CI

1.16–1.21). Compared to child discharges with private

insurance, the risk of ACSC hospitalization was higher

among children with Medicaid (OR 1.04, 95 % CI

1.02–1.05) and those who were private pay (adjusted odds

ratio 1.17, 95 % CI 1.12–1.22). Notable reductions to

ACSC hospitalization were noted among counties with

physicians per capita in the top quartile (adjusted odds ratio

0.087, 95 % CI 0.83–0.91) compared to the lowest quartile.

An increasing number of hospital beds per capita appears

to be positively correlated with increases in ACSC hospi-

talization, but is likely due to higher concentrations of

population volume in communities with hospital capacity.

Conclusions

Our study found that rurality alone was not significantly

associated with increased likelihood of hospitalization

from ACSCs among children. Although direct comparison

is difficult given the methodological approach taken this
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Table 2 Factors associated

with the likelihood that a

hospitalization will entail an

ACS discharge, nine states,

2011

Hospitalization type p value Unadjusted odds ratio (LBL–UBL)

Non ACSC ACSC

n = 347,409 n = 116,882

Total sample 74.83 25.17

Variables of interest

Residence

Urban 74.65 25.35 Reference

Rural 75.92 24.08 0.557 0.93 (0.73–1.19)

Level of deprivation

Least 75.51 24.49 Reference

Not very 77.03 22.97 0.246 0.92 (0.80–1.06)

Somewhat 76.78 23.22 0.459 0.93 (0.78–1.12)

Most 71.52 28.48 \0.001 1.23 (1.13–1.33)

Individual characteristics

Childs age

0–4 67.25 32.75 Reference

5–9 62.72 37.28 0.001 1.23 (1.09–1.37)

10–14 79.90 20.10 \0.001 0.52 (0.42–0.65)

15? 89.34 10.66 \0.001 0.25 (0.21–0.29)

Race/ethnicity

White 77.66 22.34 Reference

Black 71.46 28.54 \0.001 1.39 (1.30–1.49)

Hispanic 71.73 28.27 \0.001 1.37 (1.20–1.57)

Other 74.73 25.27 \0.001 1.18 (1.09–1.27)

Gender

Male 73.21 26.79

Female 76.44 23.56 \0.001 0.84 (0.80–0.89)

Pay source

Private 76.90 23.10 Reference

Medicaid 73.20 26.80 \0.001 1.22 (1.12–1.32)

Self 74.74 25.26 0.124 1.12 (0.97–1.31)

Other 78.20 21.80 \0.001 0.93 (0.89–0.96)

Health system capacity

Community health center

No 77.03 22.97

Yes 74.61 25.39 0.003 1.14 (1.05–1.24)

Rural health clinic

No 74.32 25.68

Yes 76.09 23.91 0.240 0.91 (0.78–1.07)

Physicians per capita (10,000)

Quartile 1 (\2.64) 75.81 24.19 Reference

Quartile 2 (2.65–4.01) 75.68 24.32 0.913 1.01 (0.89–1.15)

Quartile 3 (4.02–5.8) 73.00 27.00 0.278 1.16 (0.89–1.51)

Quartile 4 ([5.8) 76.29 23.71 0.707 0.97 (0.85–1.12)

Hospitals beds per capita (10,000)

Quartile (\8.70) 78.55 21.45 Reference

Quartile 2 (8.71–21.24) 76.99 23.01 0.410 1.09 (0.88–1.36)

Quartile 3 (21.25–40.03) 73.38 26.62 0.006 1.33 (1.08–1.63)

Quartile 4 ([40.04) 75.93 24.07 0.107 1.16 (0.97–1.39)
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study, our findings are consistent with previous research

that also found no significant associations between rurality

and ACSC hospitalization for children after adjusting for

other important factors [5, 9]. Conversely, our findings

differ from other studies that have found significant asso-

ciations between rurality and ACSC hospitalizations [3, 4].

Although our study did not find that rurality alone is a

strong predictor of ACSC hospitalization, we did find

evidence of a differential effect for rural counties when

accounting for the underlying level of vulnerability in the

county using our area deprivation index. Within the least

deprived counties, the likelihood of an ACSC hospitaliza-

tion was significantly lower in rural counties than that

observed among their urban counterparts. This rural

advantage declined as the level of deprivation increased,

principally because the likelihood of an ACSC hospital-

ization increased in parallel with area deprivation in rural

counties, while declining in urban counties. Increases in

ACSC hospitalizations for both rural and urban counties

were noted at the highest level of deprivation. This pattern

suggests the effect of rurality becomes more important as

social and economic advantage deteriorates.

These findings suggest that examining rurality alone

may under-represent the potential relationships between

residence and selected outcomes when underlying levels of

vulnerability are not well defined. Consolidating these

determinants into a single measure that can be interacted

with rural residence allows for examining the effects of

rural within comparable levels of county deprivation that

could otherwise be missed when examining residence

alone or in conjunction with multiple control variables of

interest.

These findings are consistent with other important

research examining rural populations and factors con-

tributing to observed differences in outcomes [18, 19].

Examining trends in rural–urban mortality differences

between 1969 and 2009, Singh and Siahpush noted the

substantial rural–urban differences in life expectancy over

time. These investigators also found poverty to have a

significant impact on mortality within rural areas, noting a

6.2 years difference in the life expectancy between those

residing in affluent rural areas compared to high poverty

rural areas [18]. Findings from our study also suggest a

gradient in selected outcomes as social and economic dis-

advantage progresses within rural communities.

We also found ACSC hospitalization to be much higher

among racial/ethnic minority children and those with

Medicaid or self-pay as an anticipated source of payment.

These findings further contribute to the existing body of

evidence documenting racial/ethnic disparities in important

health related outcomes. Fortunately, ACSC hospitaliza-

tions remain a rare outcome event among children. When

they do occur however, they can be serious and costly. The

disproportionate burden among non-white children and

those with Medicaid or self-pay has important cost impli-

cations for families, state Medicaid agencies, and provi-

ders. Previous estimates suggests that decreasing the

hospitalization rate from ACSC by 5 % would result in a

cost saving of more than $1.3 billion [1].

The study is not without weakness. The use of secondary

data that is limited to a nine-state sample restricts the range

of potential findings, because important factors associated

with child health, such as parental education and socioe-

conomic status, are not available in discharge data. In

addition, given the population estimates of the sample

states, the relative contribution of individual states to

observe outcomes may vary significantly. Although con-

trolling for state level effects should address state influ-

ence, overall findings may more strongly reflect findings

from the more populous states, while masking potentially

important differences among the smaller states in the

sample. Furthermore, given the geographic distribution of

the states in the sample, the cultural underpinnings of rural

communities, potentially related to available care and

hospitalization decisions, across the states in the sample

can be quite different.

Our study also has specific strengths. We were able to

examine rural/urban disparities in ACSC hospitalizations

among a large, representative sample of children 18 years

of age. Although the relative contribution of each state to

the total study population varies, the ability to examine this

issue across a more broadly defined population is important

Table 2 continued
Hospitalization type p value Unadjusted odds ratio (LBL–UBL)

Non ACSC ACSC

n = 347,409 n = 116,882

Hospital transfers

No transfer 73.76 26.24 Reference

Transfer out 80.49 19.51 \0.001 0.68 (0.60–0.77)

Transfer in 85.16 14.84 \0.001 0.49 (0.44–0.55)

Transfer in/out 93.35 7.655 \0.001 0.23 (0.18–0.30)
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Table 3 Results from multi-

level model of ACSC outcomes

and selected covariates (2011)

Odds ratio SE p value 95 % CI (LBL) 95 % CI (UBL)

Variable of interest

Residence/area deprivation

Urban/least deprived Reference

Urban/not very deprived 0.914 0.014 \0.001 0.889 0.939

Urban/somewhat deprived 0.865 0.014 \0.001 0.841 0.890

Urban/most deprived 0.997 0.013 0.847 0.972 1.023

Rural/least deprived 0.805 0.043 \0.001 0.741 0.875

Rural/not very deprived 0.856 0.026 \0.001 0.814 0.900

Rural/somewhat deprived 0.898 0.022 \0.001 0.860 0.937

Rural/most deprived 1.036 0.022 0.111 0.992 1.082

Rural/urban differences in odds within area deprivation

Least deprived 0.805 0.035 \0.001 0.741 0.875

Not very deprived 0.937 0.024 0.009 0.891 0.984

Somewhat deprived 1.037 0.021 0.074 0.997 1.080

Most deprived 1.038 0.021 0.065 0.997 1.081

Individual measures

Childs age

0–4 Reference

5–9 1.199 0.010 \0.001 1.177 1.222

10–14 0.517 0.011 \0.001 0.507 0.528

15? 0.243 0.010 \0.001 0.238 0.248

Race/ethnicity

White Reference

Black 1.268 0.010 \0.001 1.244 1.292

Hispanic 1.184 0.010 \0.001 1.160 1.208

Other 0.989 0.013 0.406 0.965 1.015

Gender

Male Reference

Female 1.007 0.007 0.313 0.993 1.021

Pay source

Private Reference

Medicaid 1.038 0.008 \0.001 1.021 1.055

Self 1.166 0.022 \0.001 1.117 1.218

Other 0.920 0.018 \0.001 0.889 0.953

Health system capacity

Community health center

Yes 0.996 0.015 0.799 0.968 1.025

Rural health clinic

Yes 0.980 0.010 0.051 0.961 1.000

Physicians per capita (10,000)

Quartile 1 (\2.64) Reference

Quartile 2 (2.65–4.01) 0.996 0.021 0.849 0.955 1.038

Quartile 3 (4.02–5.8) 0.968 0.021 0.129 0.929 1.009

Quartile 4 ([5.8) 0.871 0.022 \0.001 0.834 0.910

Hospitals beds per capita (10,000)

Quartile (\8.70) Reference

Quartile 2 (8.71–21.24) 1.045 0.025 0.075 0.996 1.097

Quartile 3 (21.25–40.03) 1.189 0.025 \0.001 1.133 1.248

Quartile 4 ([40.04) 1.114 0.026 \0.001 1.059 1.172
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for garnering a better understanding the current vulnera-

bilities at the macro level. In addition, the ability to char-

acterize the intersection of multiple social determinants of

health into a single index, as was done in this study, can be

quite useful for rural health research in the future. Cur-

rently, no standard index for capturing area deprivation is

widely used in practice; however, the measures used to

comprise the index used in this study are among the most

common [20]. Moreover, the index was derived from

readily available, public data sources and is easily dupli-

cated. The index proved to be quite useful for examining

the effects of rurality in a way that could potentially be

masked by incorporating important factors individually.

Policy Implications

The eventual impact of the ACA on effective primary care

delivery for children remains unknown. The ability to

characterize existing vulnerabilities of the primary care

system for children and measure these changes over time is

important. While our finding that ACSC hospitalizations

among rural and urban children are comparable is

encouraging, we did find evidence of a differential impact

of rurality as area deprivation worsens. These findings

suggest that vulnerabilities in the existing primary care

system remain a salient theme among rural communities,

particularly primarily high need communities. Observers

have suggested that expanding insurance and decreasing

financial barriers for receipt of health services will increase

the demand for healthcare; simultaneously, the existing

supply of providers remains constrained, as they struggle to

accommodate new patients [21, 22]. Prior to the ACA,

constrained supply was an existing hurdle for ensuring

access to quality primary care services in rural and

underserved communities. There is real concern that

increasing demand for healthcare services stemming from

the ACA could further exacerbate existing challenges in

obtaining primary care in rural and underserved commu-

nities—particularly for children.

More recently, existing coverage of children though

Medicaid and Child Health Insurance Programs (CHIP) has

translated to comparable levels of insurance coverage for

rural and urban children [10], but differences in the dura-

tion, entry, and exit of coverage may remain [23]. It is

unlikely the demand for healthcare services from newly

insured children will increase substantially with ACA

implementation. However, the American Academy of

Pediatrics (AAP) has noted that current pediatrician

workforce is inadequate for rural and other underserved

communities [24]. In the absence of pediatricians, children

will now be competing with previously uninsured adults

also seeking healthcare services from a limited provider

base. It is plausible that access to care for children could be

adversely affected by these changes, particularly in rural

and underserved communities.

This research draws attention to this important issue and

provides a methodological tool for monitoring the impact

of these policies and ACA implementation continues.

Future research that incorporates more states in the sample

and examines the potential differences in ACSC among

children in Medicaid expansion and non-expansion states is

warranted.
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Fig. 1 Predicted probability of ACSC hospitalization among children

(\18 years of age) by Residence and Level of Deprivation (2011).

Probabilities derived from a mixed model with fixed effects for rural,

area deprivation, race/ethnicity, age, gender, pay source, transfer

status, presence of a Federally Qualified Health Center or Rural

Health Clinic, and the per capita number of physicians and hospital

beds (10,000). Random effects for State were included in the model.

Predicted probabilities were derived from the model using both fixed

and random effects

Table 3 continued
Odds ratio SE p value 95 % CI (LBL) 95 % CI (UBL)

Hospital transfers

No transfer Reference

Transfer out 0.683 0.013 \0.001 0.622 0.654

Transfer in 0.597 0.026 \0.001 0.567 0.629

Transfer in/out 0.226 0.069 \0.001 0.197 0.259
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