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Purpose: Previous literature has limited empirical evidence describing the association between border location and readmission rates
among hospitals in the U.S.-Mexico border region. Thus, our study explores this novel connection in Texas border hospitals using
a non-experimental longitudinal study design.
Materials and Methods: Using longitudinal panel data (2013~2016) drawn from the American Hospital Association Annual Survey
Database, Hospital Compare, and Area Health Resource File, a random-effects linear regression analysis was performed to quantify
the impact of border location on the readmission rates of the same sample at multiple timed points.
Results: We found a positive relationship between border location and 30-day hospital readmission rates for heart failure and
pneumonia in Texas. Border hospitals in Texas had approximately a 4.17% higher heart failure readmission rate and a 3.46% higher
pneumonia readmission rate than non-border hospitals. We also identified several hospital organizational and market factors associated
(eg, registered nurse [RN]-to-patient ratio) with hospital readmission rates.
Conclusion: The results suggest that improving RN staffing levels can be the most feasible action to lower the readmission rates
among border Texas hospitals. Decreasing readmission rates by increasing RN staffing levels would also help them avoid reimburse-
ment reduction under the Hospital Readmission Reduction Program (HRRP) and enhance overall health in Texas border communities.
Further, to improve border health in Texas, decision-makers in state and local governments must consider incentivizing border
hospitals to improve RN staffing levels and modulating the market factors affecting hospital readmission rates that are mostly beyond
the control of hospitals.
Keywords: U.S.-Mexico border, hospital, quality of care, readmission, registered nurse, nurse staffing, hospital characteristics,
Hispanic population, county, market factors

Background
Limited healthcare access is associated with various adverse health outcomes, including premature mortalities1 and
increased risks for common chronic conditions.2,3 Considering that patients with more than one comorbidity have
increased healthcare costs up to seven times that of patients with one chronic condition,4 the limited access to care
has severe implications on healthcare costs. To improve health in the US population and control US healthcare costs, it is
essential to understand the barriers that disproportionately affect patients with comorbidities and their ongoing care,
especially amongst populations at a higher risk for comorbidities.

Patient location may impact their access to healthcare. Holding other factors constant, long distances to healthcare
providers discourage people from utilizing health services because of increased time and transportation costs.5,6 Rural
residents who live far from healthcare providers experience disproportionately more significant travel burdens to
providers’ facilities than urban residents in the U.S.7–9
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The rural-urban discrepancy in geographic access to healthcare has specific ramifications in the U.S.-Mexico border
region. For example, 33 of the 44 counties located in the border region are designated as non-core or micropolitan
counties by the Office of Management and Budget.10 According to the US Department of Health & Human Services
(HHS), the border region is also medically underserved;11 its population faces health and socioeconomic challenges, such
as limited access to healthcare, high uninsured rates, and disparities in health conditions,11 to name a few.

The geographic proximity to and lower healthcare costs in Mexico attracts millions of uninsured US residents12 to Mexican
health services as a supplement to or as the primary source of healthcare services. Previous research like Bastida et al13

demonstrated that uninsured Texas border residents were up to 7 times more likely than those insured to use health services in
Mexico. The authors13 further highlighted that the continued healthcare utilization disparities along the U.S.-Mexico border
would be heightened by a lack of policies to improve healthcare accessibility in the region.

Adding to the health disparities felt on the border, Su et al14 demonstrated that dissatisfaction with the quality of US
health services is a statistically significant predictor for Texas border residents to instead utilize Mexican healthcare
services. The Agency for Healthcare Research and Quality (AHRQ) in 2014 reported that Texas had an overall quality
score far below the median and was ranked 49th out of the 50 States and the District of Columbia.15 Regarding the
quality of care received by the Hispanic population, Texas was ranked last in the US, while the three other border states
were close to the median.15 The limited access to care, health disparities, and questionable quality of care received in
some U.S.-Mexico border areas raises concerns about the quality of care provided by Texas hospitals in the border
region. To our knowledge, no empirical evidence exists in the literature to remedy such potential issues.

Our study stemmed from a research question, “Do U.S.-Mexico border and non-border hospitals in Texas differ in
quality of care?” To answer this question, this study examines the relationship between Texas hospitals’ border locations
and their quality of care, measured by heart failure (HF) and pneumonia (PN) readmission rates. To explore this
relationship, the study employs a random-effects linear regression model using longitudinal panel data between 2013
and 2016. We expect that our empirical evidence will fill the literature gap on the relationship between border location
and quality of care in hospitals. Our findings will benefit hospital leaders trying to understand what affects their quality of
care, how to succeed under the Hospital Readmission Reduction Program (HRRP), and how to better serve their
communities. A better understanding of the factors that explain the variation in the quality of care in hospitals will
also allow decision-makers in state and local governments to improve border health by implementing policies that
support border hospitals.

Methods
Data Sources
This is a non-experimental, longitudinal study based on secondary data analysis with unique identifiers (eg, Medicare
provider number). We utilized longitudinal panel datasets between 2013 and 2016, drawn from the American Hospital
Association (AHA) Annual Survey Databases, the Area Health Resource File (AHRF) of the US Department of Health
and Human Services (HHS), the Hospital Compare (HC) and the Case Mix Index (CMI) files from the Centers for
Medicare & Medicaid Services (CMS), and the Rural-Urban Commuting Area (RUCA) codes from the US Department
of Agriculture (USDA). Texas hospitals’ border locations were identified using the information provided by the Texas
Department of Health and Human Services (DSHS).16

The AHAAnnual Survey database contains data regarding hospitals’ organizational characteristics, utilization, staffing,
and so forth. The AHRF database provides county-level data regarding healthcare resources, health status, population
information, and more. The CMS HC database contains hospital performance data, such as indicators of quality of care.
Previous studies have utilized the AHA, HC, and AHRF datasets to study hospitals’ readmission rates.17–19 The CMS CMI
files contain CMIs for hospital discharges representing the hospitals’ average diagnosis-related group (DRG) relative
weights. The RUCA codes use measures of population density, urbanization, and daily commuting to classify US census
tracts. As conducted by a recent study,20 we used the CMI files and the RUCA codes to measure the severity of patients’
illnesses treated by hospitals and the urban/rural location of hospitals, respectively. For checking statistical model, we ran
a correlation test and confirmed no correlation over a typical threshold (0.8) for variables. (Supplementary Files) Also,
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when we check imputations for missing CMI cases, we conducted regression analysis with multiple imputations for missing
CMI cases and without them. Without the imputations, we also found the same result in terms of positive relationship
between the independent variables and HF and PN readmission rates (Supplementary Files).

This study’s unit of analysis is hospital-year. The sampling frame consisted of all non-federal, general, and acute care
hospitals that operated in Texas from 2013 to 2016. After merging the datasets, our final sample included 339, 320, 341,
and 335 hospitals for the years 2013, 2014, 2015, and 2016, respectively. Accordingly, the panel dataset consisted of
1,335 hospital-year observations for analysis. All data accessed were compiled with relevant data protection and privacy
regulation.

Variables
Previous studies have considered hospital readmission as an important quality measure for hospitals.17,19,21 The outcome
of interest and our dependent variables are the quality of care in hospitals, measured with 30-day readmission rates
provided by the CMS for HF and PN. The CMS uses well-regarded methods to identify 30-day readmissions.22 This
study focused on CMS’s 30-day readmission databases for Medicare beneficiaries 65 years or older and enrolled in the
traditional fee-for-service (FFS) Medicare for 12 months before their hospitalization.17 Our dependent variables represent
unplanned readmission rates for HF and PN within 30 days of discharge from hospitalization, with lower readmission
rates indicating a better quality of hospital care.23 These quality measures have also been adopted by previous
studies.17,18,24,25 The dependent variables were transformed into the natural logarithm to normalize data distribution.

The independent variable is the location of the Texas hospital on the U.S.-Mexico border. The Texas DSHS defines
the DSHS Border Area as the region within “62 miles of the Rio Grande in the La Paz Agreement of 1986”,16 spanning
32 Texas border counties and Mexico. Based on the Texas DSHS definition,16 this study coded the independent variable
as a binary measure where a value of “1” means a border hospital, while a value of “0” indicates a non-border hospital.

To improve hospitals’ readmission rates, a greater understanding of the factors surrounding their variation is essential.
Previous studies used hospital18,19,24,26–33 and community characteristics17–19,27–30,32 to explain the variation in hospital
readmissions. Our study controlled ten hospital organizational factors and eight market factors for analysis.

To control for the variation of hospital readmission rates as explained by hospital characteristics, this study selected
the following organizational control variables that have been adopted by previous readmission studies: ownership
status,17–19,27,31,32 hospital size,17–19,27–29,31,32 system affiliation,17,19 teaching hospital status,17–19,28,29,31,32 occupancy
rate,17,19 case mix index,30 and nurse staffing.17,19,31,32,34

We included four nursing staffing variables to account for various staffing intensity and skill levels. Many previous
hospital readmission studies have used the registered nurse (RN)-to-patient ratio variable as a nurse staffing
variable;17,19,31,32,34 therefore, we have included the RN-to-patient ratio. Since a sufficient RN staffing level is essential
for hospitals to maintain quality patient care,35 another RN staffing variable that measures the proportion of various RNs
(ie, RN skill mix) was included to capture different aspects of RN staffing. Considering that the full-time nursing
workforce’s tacit knowledge is important in providing quality patient care services/routines,36 this study adopted an
additional RN staffing variable, the full-time RN ratio. Lastly, to control for the impact of the nursing workforce with
varied skills, this study included the licensed practical nurse (LPN)-to-patient ratio, which was used to control for RN-to-
patient ratio in a previous study,20 as the fourth nurse staffing variable.

The operational definitions of our organizational control variables are as follows: ownership status (private for-profit
[reference]; private not-for-profit; public, non-federal), hospital size (the number of staffed beds), teaching hospital status
(non-teaching [reference]; teaching), system affiliation (non-system hospital [reference]; system hospital), occupancy rate
(total inpatient days divided by the multiplication of hospital size and 365), RN-to-patient ratio (RN full-time equivalents
[FTEs] divided by 1000 inpatient days), LPN-to-patient ratio (LPN FTEs divided by 1000 inpatient days), RN skill mix
(RN FTEs divided by the FTEs of all nursing workforce), and full-time RN ratio (full-time RN FTEs divided by the sum
of full-time and part-time RN FTEs). CMI is computed by summed DRG weights for all Medicare discharges divided by
the number of discharges for both transfer-adjusted and unadjusted cases. A higher CMI indicates relatively more
complex cases and costly services in a hospital with greater resources.37,38
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Herrin et al18 suggest that a considerable level of variation in hospital readmission rates is explained by market factors
measured by county characteristics. To control for the impact of market factors, we included market-level control
variables adopted by previous readmission studies: per capita income (ie, community income level),17–19,27 urban
location,17–19,24,28,29,32 primary care physician resource,17,18 and specialist resource.18,19 We included these variables to
control the degree of resource abundance in the markets in which hospitals operate.

We also adopted additional market-level variables used by previous hospital readmission studies: Medicare health
maintenance organization (HMO) penetration17,19,32,33 and county unemployment rate.17,19 By utilizing these variables,
this study aimed to control for the level of difficulties in predicting the actions of stakeholders (eg, managed care
organizations and patients) in the county. If it is difficult for hospital managers to comprehend the actions of market
players due to imperfect information and knowledge, such hardship can negatively affect rational decision-making in
organizations.39–41

This study also controlled for market concentration, which was used in previous hospital readmission studies.17,19

This study measured market concentration using the Herfindahl-Hirschman index (HHI), aiming to capture the level of
complex knowledge needed to understand the market and the competitors in it. If the number of competitors increases,
hospitals face increased uncertainty to effectively react to the actions of competitors, preventing them from successfully
altering their practices to be profitable or viable.

Lastly, to capture a characteristic of border hospitals, this study used the proportion of the Hispanic population in the
area as another market-level control variable. Several hospital readmissions studies25,28,29,42–44 have examined racial/
ethnic disparities in hospital readmissions by comparing one reference ethnic group with one or more different ethnic
groups. According to Texas DSHS,45 the proportion of the Hispanic population was 88.4% in border counties and 35.5%
in non-border counties. To control for racial/ethnic differences, this study adopted the proportion of the Hispanic
population as the final control variable. This control variable is expected to be a proper measure for organization-level
research like ours to capture the ethnic group’s impact on hospital readmission rates. Table 1 summarizes the study
variables, related operational definitions, and data sources.

Data Analysis
This study conducted a univariate descriptive analysis, bivariate paired t-tests, and multivariate analysis with a random-
effects linear regression model. We measured the descriptive statistics to examine the distributional properties of all
variables, including frequencies, means, and standard deviations. Paired t-tests were performed to compare the mean
values of the continuous variables between 2013 and 2016.

The main statistical approach of this longitudinal analysis is a random-effects linear regression model used to measure
the influence of the border hospital status on the hospital readmission rates. We employed a random-effects model over
a fixed-effects model because our independent variable and multiple control variables (eg, ownership) can be character-
ized as time-invariant factors when the fixed model’s “ruling out” provides no estimation of time-constant effects and
poor estimates when little variation in the variables exists. Finally, year-fixed effects were controlled for the effect of time
in the panel data, and robust standard errors were estimated to control for inter-entity differences. For the regression
analysis, missing values were imputed by the Gaussian normal regression imputation method using Stata software46 due
to a large number of missing cases in the CMI data (22.01%).

Results
Table 2 displays the univariate descriptive statistics for a total of 1335 hospital-year observations. On average, the sample
hospitals had 220 beds, a 42% occupancy rate, and a CMI of 1.51. Most hospitals were non-border (91.8%) and non-
teaching hospitals (60%) with system affiliations (59.8%) and were in urban settings (75%). There were relatively similar
numbers of private not-for-profit hospitals (36.6%) and private for-profit hospitals (35.6%) in the sample. In addition, the
sample hospitals had an average of 15.2 RN FTEs and 4.4 LPN FTEs per 1000 inpatient days, and the proportion of RNs
in all nursing workforce was 70%, with 77% of RNs in full-time positions.

The hospitals in the sample were in counties with an average population of 36% Hispanic and whose population
earned about $43,325 per year. The counties’ market concentration was 0.57; and an increase in the market concentration,
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as measured by HHI, generally indicates a decrease in market competition. On average, these counties had less than one
primary care physician (0.6) and a little more than one physician specialist (1.2) per 1000 population. About 26% of
those eligible for Medicare in the counties were enrolled in Medicare HMOs. The average yearly change in the
unemployment rate was 12%.

Table 3 shows the results of the paired t-tests. There were statistically significant differences in the mean values of the
readmission rates in Texas hospitals between 2013 and 2016. The sample hospitals of Texas in 2013 had higher HF and
PN readmission rates than in 2016. Concerning the organization-level control variables, the mean values of CMI and the
proportion of RNs in the sample hospitals in 2013 were significantly higher than in 2016. Compared to 2013, the mean
value of the RN-to-patient ratio in 2016 was higher; however, the statistical significance was marginal (p-value: 0.078).

Among the market-level control variables, there were statistically significant differences in the mean values of the
variables, except for the number of physician specialists per 1000 capita, between 2013 and 2016. Except for market
competition, the counties in which the sample hospitals were located had higher per capita income, the proportion of the
Hispanic population, number of primary care physicians, Medicare HMO penetration, and unemployment rate change in

Table 1 Summary of Variables

Dependent Variable Operational Definition Data Source

30-Day readmission rate An estimate of readmission rate within 30 days of a hospital discharge among
patients hospitalized:

HF Due to heart failure CMS

PN Due to pneumonia CMS

Independent Variable

U.S.-Mexico border location Location in border areas (1: yes, 9: no) Texas’ DSHS

Control Variable
Hospital Characteristics

Ownership Status of a hospital as private for-profit, private not-for-profit, or non-federal,

public entity (0: private for-profit, 1: private not-for-profit, 2: public, non-federal)

AHA

Hospital size The number of staffed inpatient beds AHA

System affiliation Status of a hospital’s membership in multihospital systems (1: system hospital, 0:

non-system hospital)

AHA

Teaching hospital status Existence of approved medical residency programs, affiliation with a medical

school, or COTH membership (1: yes, 0: no)

AHA

Occupancy rate Total inpatient days/number of staffed beds*365 AHA
Case mix indexǂ Level of complexity in Medicare cases CMI File

Nurse Staffing Variables

RN-to-Patient ratio RN FTEs/(Inpatient days/1000) AHA
LPN-to-Patient ratio LPN FTEs/(Inpatient days/1000) AHA

RN skill mix RN FTEs/(RN, LPN, and nursing assistant FTEs) AHA

Full-Time RN ratio Full-Time RN FTEs/(Full-Time RN + Part-Time RN FTEs) AHA
Market Conditions

Per capita income Mean income within the county AHRF

Urban location Location in urban areas (1: yes, 0: no) AHRF, USDA
% Hispanic population Number of Hispanic-Latino population/all population AHRF

Primary care physician resource # of primary care physicians per 1000 capita AHRF

Specialist resource # of physician specialists per 1000 capita AHRF
Medicare HMO penetration Medicare HMO enrollment as a percent of the total Medicare population in

a county

AHRF

Change in unemployment rate Yearly change in the county unemployment rate AHRF
Market concentration (HHI) The sum of the squared market share of all hospitals in the county AHA

Notes: Case mix indexǂ: The CMI is computed by adding the DRG weights for all Medicare discharges divided by the number of discharges for transfer-adjusted and
unadjusted cases.
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2016 than in 2013. Since an increase in the market concentration indicates a decrease in market competition, the level of
market competition was higher in 2013 than in 2016.

The random-effects regression analyses showed that the independent variable, U.S.-Mexico border location, was
positively and significantly associated with both dependent variables (30-day readmission rates for HF and PN) (Table 4).
When computing the exponential coefficient, border hospitals had approximately a 4.17% higher HF readmission rate
and a 3.46% higher PN readmission rate than non-border hospitals.

Table 2 Descriptive Statistics

Variable Hospital Year (n=1335) Mean/Frequency (%) SD

Dependent Variable
HF 30-day readmission rate 1041 0.22 0.14

PN 30-day readmission rate 1133 0.17 0.11

Independent Variable

U.S.-Mexico border location
Border 109 (8.20%) -

Non-border 1226 (91.84%) -

Control Variable

Hospital Characteristics

Ownership
Private for-profit 475 (35.58%) -

Private not-for-profit 489 (36.63%) -

Public, non-federal 371 (27.79%) -
Hospital size 1335 160.28 219.77

System affiliation

Affiliated 798 (59.78%) -
Not affiliated 537 (40.22%) -

Teaching hospital status

Teaching hospital 373 (27.94%) -
Non-teaching hospital 962 (72.06%) -

Occupancy rate 1335 0.42 0.22

Case mix indexǂ 1042 1.51 0.37
Staffing Variables

RN-to-Patient ratio 1335 15.17 23.72

LPNs-to-Patient ratio 1335 4.37 10.24
RN skill mix 1335 0.70 0.18

Full-Time RN ratio 1335 0.77 0.16

Market Conditions
Per capita income (thousands) 1335 43.3 9.82

Urban location

Urban 1004 (75.21%) -
Rural 331 (24.79%) -

% Hispanic population 1335 0.36 0.20

Primary care physician resource 1335 0.55 0.22
Specialist resource 1335 1.15 0.97

Medicare HMO penetration 1335 0.26 0.08

Change in unemployment rate 1335 0.12 0.09
Market concentration 1335 0.57 0.37

Notes: Case mix indexǂ: The CMI is computed by adding the DRG weights for all Medicare discharges divided by the number of discharges for
transfer-adjusted and unadjusted cases.
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We also found that several organizational characteristic control variables were significantly or marginally significantly
associated with the dependent variables. Among the sample hospitals, a 1% increase in CMI was associated with a 5.26%
decrease in the HF readmission rate and a 2.47% decrease in the PN readmission rate between 2013 and 2016. Compared
to private for-profit hospitals, private not-for-profit hospitals had a 1.49% lower HF readmission rate during the study
timeframe; however, the relationship was marginally significant (p-value: 0.085). In addition, the RN-to-patient ratio and
full-time RN ratio were also marginally significantly associated with the PN readmission rate. A 1% increase in the RN-
to-patient ratio and full-time RN ratio were related to a 0.1% decrease and a 1.98% decrease in the PN readmission rate,
respectively (p values: 0.077 and 0.091).

Several market-level control variables were also statistically or marginally significant predictors of the dependent
variables. The Medicare HMO penetration positively and significantly affected HF readmission (exponential coefficient:
11.64%). In addition, a 1% increase in the number of physician specialists per 1000 capita was associated with a PN
readmission rate increase of 1.11% (p-value: 0.035) and a similar increase in the unemployment rate raised PN
readmission rates by 2.71% (p-value: 0.065).

The results also demonstrated the statistically significant relationship between the proportion of the Hispanic
population in the sample hospitals’ counties and their readmission rates. A 1% increase in the Hispanic population
was associated with a 4.78% decrease in the HF readmission rate and a 3.25% decrease in the PN readmission rate.

Lastly, compared to the HF and PN readmission rates in 2013, the sample hospitals had lower HF and PN readmission
rates in 2014, which were again lower in 2015 and further decreased in 2016 (all p values < 0.001). Compared to 2013,
the sample hospitals had lower HF and PN readmission rates by 3.63% and 1.31% in 2014, by 3.92% and 1.48% in 2015,
and by 4.97% and 1.65% in 2016, respectively.

Discussion
Overall, our results indicate that border county location and some organizational and market factors are significant
predictors of readmission rates in Texas. The major finding of this study was a positive relationship between border
location and readmission rates among Texas hospitals. We found that Texas hospitals in border counties had higher HF
and PN readmission rates than hospitals in non-border areas. To our knowledge, this is the first study of the relationship

Table 3 Paired t-tests - Mean Difference of Variables Among Texas Hospitals Between 2013 and 2016

Variable 2013 2016 P-value

Mean SD Mean SD

HF 30-Day readmission rate 0.224 0.0146 0.215 0.013 0.000

PN 30-Day readmission rate 0.170 0.011 0.166 0.011 0.000
Hospital size 174.546 224.964 177.365 231.155 0.171

Occupancy rate 0.439 0.205 0.445 0.222 0.244

Case mix indexǂ 1.484 0.316 1.561 0.362 0.000
RN-to-Patient ratio 12.909 18.497 13.907 19.223 0.078

LPN-to-Patient ratio 3.711 8.368 4.334 13.662 0.119

RN skill mix 0.695 0.174 0.710 0.175 0.003
Full-Time RN ratio 0.777 0.164 0.782 0.152 0.511

Per capita income (thousands) 41.922 9.712 43.264 9.134 0.000

% Hispanic population 0.352 0.204 0.361 0.206 0.000
Primary care physician resource 1.173 0.942 1.205 0.985 0.002

Specialist resource 0.564 0.210 0.564 0.220 0.936

Medicare HMO penetration 0.238 0.090 0.289 0.100 0.000
Change in unemployment rates 0.071 0.066 0.098 0.095 0.000

Market concentration 0.551 0.369 0.562 0.365 0.012

Notes: Case mix indexǂ: The CMI is computed by adding the DRG weights for all Medicare discharges divided by the number of discharges for transfer-adjusted and
unadjusted cases.
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between U.S.-Mexico border hospital location and readmission rates; therefore, we cannot corroborate this finding with
the existing literature.

While border hospitals may find it challenging to be responsible for patients’ health outcomes once they are
discharged from the hospitals, they still need to implement different strategies to reduce 30-day HF and PN readmission
rates to avoid CMS reimbursement-reduction penalties. Such strategies may include an improved transition from the
hospital to the outpatient setting, patient education, follow-up calls, patient-centered pre-discharge and post-discharge
interventions, case management, and home visits.

Socioeconomic and environmental challenges have impacted border public health,45 and such community drivers may
have affected the quality of care in border hospitals. For example, hospitals in less resource-abundant markets (eg,
counties with lower income levels) may have to employ resource-stringent strategies with fewer RNs, leading to concerns
about the sound quality of care levels in such markets.20 Also, when considering the higher level of residents in below
poverty levels in the border (29.3%) compared to non-border (15.9%) counties,45 border hospitals may have to adapt
their quality practices to deal with market conditions threatening their viability. Further, the difference in the proportion
of limited-English speaking residents in the border (31.7%) and non-border (12.2%) counties45 may have resulted in

Table 4 Random-Effects Regression - The Relationship Between the U.S.-Mexico Border Location (and Other Factors) and
Readmission Rates in Texas

HF 30-Day Readmission Rate PN 30-Day Readmission Rate

Coef. Std. Err. Coef. Std. Err.

U.S.-Mexico border location (ie, being in a border county) 0.046** 0.0175 0.034** 0.0131

Ownership (reference: private for-profit)

Private not-for-profit −0.015° 0.0090 0.000 0.0057
Public, non-federal −0.006 0.0115 −0.005 0.0083

Hospital size −0.000 0.0000 −0.000 0.0000

Square bed 0.000 0.0000 −0.000 0.0000
System affiliation 0.011 0.0091 0.001 0.0063

Teaching hospital status 0.006 0.0074 0.001 0.0048

Occupancy rate 0.019 0.0280 0.026 0.0163
Case mix indexǂ −0.054** 0.0163 −0.025* 0.0106

RN-to-Patient ratio −0.001 0.0008 −0.001o 0.0003

LPNs-to-Patient ratio 0.001 0.0010 0.000 0.0005
RN skill mix 0.002 0.0325 −0.015 0.0204

Full-Time RN ratio 0.013 0.0196 −0.020o 0.0116

Per capita income 0.000 0.0005 −0.000 0.0002
Urban location −0.006 0.0094 −0.002 0.0069

% Hispanic population −0.049* 0.0245 −0.033* 0.0168

Primary care physician resource −0.005 0.0187 −0.010 0.0154
Specialist resource 0.008 0.0069 0.011* 0.0052

Medicare HMO penetration 0.110* 0.0555 −0.009 0.0330

Change in unemployment rates −0.003 0.0245 0.0267° 0.0144
Market concentration 0.021 0.0173 0.014 0.0108

Year

2014 −0.037*** 0.0045 −0.0132*** 0.0028

2015 −0.040*** 0.0056 −0.0149*** 0.0036
2016 −0.051*** 0.0065 −0.0166*** 0.0038

F 8.79*** 3.64***

Notes: Case mix indexǂ: The CMI is computed by adding the DRG weights for all Medicare discharges divided by the number of discharges for transfer-adjusted and
unadjusted cases. op < 0.10; *p < 0.05; **p < 0.01; ***p < 0.001; when interpreting the results, the coefficients need to be computed because of the log-transformed
dependent variables.
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premature patient discharges from border hospitals. However, to validate this relationship and further explain it, greater
research targeting border hospitals in Texas and the three other border states along the U.S.-Mexico border is needed.

In addition, to explain the variation in hospital readmission rates, this study controlled for several hospital character-
istics and found statistically significant CMI and marginally significant ownership status and nurse staffing. We found
that CMI was negatively associated with both HF and PN rates, contrary to the findings from a previous study.30 CMI is
often used as an indicator of the severity of illness; a higher CMI suggests that the hospital deals with more complex
cases that require greater services and longer lengths of stay.37 CMI also tends to be higher in larger hospitals that
provide highly complex and costly services than in smaller hospitals that are likely to provide relatively simple and thus
lower-cost services.38 A higher CMI may be associated with a lower readmission rate in hospitals because large hospitals
are more likely to provide high-quality resource-intensive services by employing more RNs. In addition, the incon-
sistency in the findings between Birmingham et al30 and this study may have resulted from differences in the readmission
measures (30-day all-cause Medicare readmission rate vs 30-day standardized HF and PN readmission rates), the
timeframe, and other design features.

We found a marginally significant and negative relationship between the private not-for-profit ownership status
(reference: private for-profit) and HF readmission rate, similar to the previous studies that have found statistically
significant associations.17,27,30 It has been found that private not-for-profit hospitals are likely to respond to environ-
mental challenges by changing their practices to survive.20 They have tighter operating margins than for-profit
hospitals,30 and might have begun reacting to potential penalties of HRRP since 2013.

Furthermore, our results displayed that the PN readmission rate was negatively affected by the RN-to-patient ratio and
full-time RN ratio with marginal significance, consistent with previous studies.19,24 Our findings suggest that more
intensive RN staffing is associated with lower readmission rates and further emphasize that ensuring sufficient levels of
RN staffing is crucial for a better quality of patient care.35 Also, compared to full-time RNs, part-time RNs may be
considered less effective in providing high-quality patient care due to their less tacit knowledge relating to organizational
routines and patient care.36 Therefore, higher RN-to-patient ratios and full-time RN ratios are more likely to be
associated with lower hospital readmission rates.

Among market-level control variables, we found an inverse association between the proportion of the Hispanic
population and HF and PN readmission rates in Texas hospitals. Previous literature has described an inconsistent
relationship between Hispanic ethnicity and hospital readmission. Basu et al28 characterized lower readmission levels
among Hispanics than among non-Hispanic whites. However, Rodriguez-Gutierrez et al44 reported higher readmission
levels among Hispanics than in whites. On the other hand, McHugh et al25 found no significantly higher odds of
readmission for HF and PN among Hispanics than whites. These studies provided different results on racial/ethnic
disparities in hospital readmission based on various study methods and settings to conduct research. Their measures were
intended to compare one racial/ethnic group’s hospital readmission rates with those rates of other groups using the
samples of patients, while ours was to measure the impact of the proportion of a particular ethnic population in counties
on readmission rates of the hospitals that operated in those counties using the sample hospitals. Thus, it is challenging to
confirm if our findings are consistent with previous literature since, to our knowledge, previous studies on hospital
readmissions have not utilized similar measures.

Considering the reported proportion of Hispanic people in border (88.4%) vs no-border (35.5%) counties in 2015,45

our findings on the positive association between border hospital location and hospital readmission rates may suggest that
Texas hospitals in highly Hispanic populated counties are likely to have inferior hospital readmission rates for HF and
PN than those in counties with less Hispanic people. However, the negative association between the proportion of the
Hispanic population and such hospital readmission rates in Texas found in our study may also suggest that while it has
been known that Texas border counties are experiencing health disparities, higher readmission rates in border hospitals
may not be attributable to the growing Hispanic population.

We also found that the number of specialists per 1000 capita was positively associated with the PN readmission rate.
A sufficient health workforce may indicate an adequate level of access to care. Also, specialists are more likely to admit
patients to the hospitals; thus, more specialists can be related to higher health service utilization. Our findings related to
specialist resources are consistent with the findings of Herrin et al.18
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Our results also demonstrated that Medicare HMO penetration was positively associated with HF readmission rate,
which is consistent with Gupta et al.17 The increase in the Medicare HMO penetration is likely to indicate that
beneficiaries previously covered by traditional FFS Medicare, especially healthier ones, were attracted by Medicare
Advantage plans, an alternative way to receive Medicare benefits. When healthier beneficiaries leave traditional FFS
Medicare for Medicare Advantage plans, the readmission rates we used are likely to increase because those rates are only
for Traditional FFS Medicare beneficiaries. This explanation may be supported by Jung et al in terms of higher hospital
readmission rates in FFS Medicare than in Medicare Advantage plans.32

Lastly, the positive relationship between the change in unemployment rates and the PN readmission rate is consistent
with Gupta et al.17 Fluctuations in unemployment rates may prevent hospitals from adequately responding to market
challenges. This affects their practices for profitability or viability, hindering them from maintaining proper levels of
quality of care, which is likely related to decreases in readmission rates.

Although we have found significant results expected to fill gaps in the literature, our findings must be interpreted
considering several limitations. First, this study used secondary data that were likely to have potentially many data entry
errors and missing values. Also, our study variables were limited to what was available in the data. Second, given the
nature of the available data, we measured all market-level control variables at the county level. It was inevitable but
suboptimal for us to define a county as the market for a hospital because its input sources, such as patients and nurses,
may not only come from the county in which it is located. Future research would need to explore more robust measures
of the market or the external environment of hospitals. Third, our data only covered the readmission rates of Medicare
beneficiaries aged 65 or older and enrolled in FFS Medicare. Fourth, the quality of healthcare services in neighboring
nursing homes may affect hospital readmission rates.18 However, we could not include this variable due to data
limitations. Fifth, although we were aware of some potentially relevant control variables (eg, the proportion of
Medicare and Medicaid patients) in testing our study model, we could not include all of them due to a large number
of the control variables already chosen for our study (ie, 18 variables). Lastly, we used data from Texas and did not
include the three other border states. Therefore, our findings cannot be generalized to other border states. We recommend
that future studies focus on other border states or all four border states.

Conclusion
Despite the growing body of research illuminating the health issues in the U.S.-Mexico border region, little has been
known about the quality of care provided by the healthcare providers in the area. Using longitudinal data for the state of
Texas from 2013 through 2016, this study has examined the association between border location and hospital quality of
care as measured by HF and PN readmission rates.

We found that border hospitals had higher HF and PN readmission rates than non-border hospitals. Given the widely
known border health disparities at the individual level, our findings on the quality of care in Texas border counties at the
hospital level are expected to be a great addition to the literature. Our results also provide additional evidence that
organizational and market factors explain variations in hospital readmission rates in border counties. Therefore, we may
draw some managerial and policy implications from our findings.

Considering that border hospitals produced higher readmission rates than non-border hospitals, our findings suggest
that hospital managers in border counties should consider improving factors that affect their readmission rates to improve
the quality of care. More RNs per inpatient day and a higher proportion of full-time RNs to increase RN staffing levels in
Texas border hospitals may be essential changes to improve border health in Texas through decreasing hospital
readmission rates. A better understanding of how RN staffing levels affect hospital readmission rates can help managers
in border hospitals prevent them from avoidable payment reductions under HRRP and contribute to community health at
the same time. Also, managers in border hospitals may consider the strategies discussed in the previous section (eg,
patient-centered pre-discharge and post-discharge interventions) to decrease their hospital readmission rates.

Given the higher percentage of private for-profit (61.47%) vs private not-for-profit (13.76%) hospitals (see Table 5)
and higher readmission rates in private for-profit than private not-for-profit hospitals, our results emphasize the
importance of government initiatives. State and local government initiatives that incentivize private for-profit border
hospitals to increase their RN staffing levels to lower their readmission rates can improve the health of border counties.
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Government efforts to attract more private not-for-profit hospitals, which were found to have lower readmission rates for
HF and PN than private for-profit hospitals in Texas, in border counties may also improve overall hospital readmission
rates, thereby improving health in their border communities.

Our results also have some other policy implications through the factors that affect hospital readmission rates but are
beyond the control of hospital managers. Considering the positive relationship between the change in unemployment
rates in Texas counties and the PN readmission rate of the sample hospitals, state and local governments must consider
initiatives to enhance economic conditions, thus stabilizing unemployment rates in communities and possibly reducing
hospital readmission rates. Increased quality of care may parallel improved health status of the population. Therefore, it
is crucial for decision-makers at state and local levels to understand that county-level factors may explain a substantial
variation in hospital readmission rates. Modulating environmental forces that affect hospital readmissions may be
essential to enhancing community health.
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