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ABSTRACT

In recent years, Emergency Department (ED) visits have constituted approximately 10%
of annual health care spending in the United States (U.S.). Understanding the dynamics
of ED visits can help reduce overall spending on health care. This study analyzes the
effects of travel distance on ED visits to a southeastern county community hospital in the
U.S. between 2011 and 2015. Utilizing a zero-inflated negative binomial (ZINB)
estimation, the study found that travel distance significantly affected both the number and
probability of ED visits, ceteris paribus. The ED services are assumed to be “necessities”
with very low price elasticity when the medical condition is actually of a life threatening
type. If this assumption is true, then distance should have no impact on the probability of
visiting ED, ceteris paribus. Our results indicate that distance remains as an important
factor even when many different types of medical conditions have been incorporated in
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the model. This implies that ED visits are not considered as “absolute necessities” by
patients. Appropriate level of use of ED is not as rigid as often assumed and ED-seeking
behavior can be influenced by organizing alternative service channels in the geographic
region. For example, presence of community health workers, free clinics, school clinics,
and minute clinics can play important roles in reducing ED visits and associated health
care spending and costs. This study provides significant policy implications on how to
rationalize access to ED without adversely affecting health outcomes of the population.

JEL Classification: 110, 112, 118, R12, R41
Keywords: Health spending, emergency department utilization, travel cost,
distance decay.

1. INTRODUCTION

Emergency Department (ED) visits account for up to 10% (approximately 300
billion dollars) of overall health care spending in the United States (U.S.) (Lee et
al., 2013). ED visits in the U.S. have been on the rise, although the number of ED
departments has been on the decline; the number of ED visits increased from 365
per thousand population in 1999 to 428 per thousand population in 2014 (AHA,
2014). In 2011, the number of ED visits was about 136 million and only 15% of
them resulted in admission to the hospital (HCUP, DHHS). A portion of ED visits
is considered non-urgent, primary care related, treatable in retail clinic settings,
and, thus, preventable or avoidable (Pitts et al., 2010; Weinick et al., 2010;
Cunningham and May, 2003). In this context, explaining the dynamics of ED
visits has important policy implications in terms of cost-savings, access, and
clinical quality of ED medical services. Better explanations of the dynamics of
ED visits will lead to policies that will result in better (social welfare-improving)
outcomes. For instance, a one-percent decrease in ED visits due to better
explanation and relevant interventions will result in $3 billion dollars of
additional funds per year that the economy will be able to spend on other goods
and services.

Travel is a necessary input to obtain health care, including ED services. Patients
need to travel from where they live or work to health care provider sites to obtain
care. Travel costs create a tax-like effect on the demand for health care services,
although the quantity effect of the “tax” will depend on the price elasticity of
demand of the service being analyzed. If a service is considered a necessity, the
price elasticity will be very low, implying that the “tax” will not affect the
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utilization of the service significantly. That is, everything else being equal, travel
costs should not deter the appropriate ED (inelastic demand) visits as much as the
ones that are primary-care-related. Thus, understanding the dynamics of ED visits
and analyzing the relationship between avoidable ED visits and travel costs are
crucial in policy evaluations of alternative approaches of lowering utilization of
ED services without affecting overall health of the population adversely. In
exploring the relationship between ED utilization and travel costs, Chen et al.
(2015) found higher non-emergent utilization probability for shorter distances
among publicly insured patients. They argue that estimated higher non-emergent
utilization probability scores associated with shorter distances travelled by
patients for the ED visits by Medicare and Medicaid patients indicate the
importance of “convenience” factor as well as access to care on demand whenever
the perceived needs arise. Lee et al. (2007) found a negative significant
relationship between ED utilization and travel distance that patients who lived in
census block groups in shorter distances to ED facilities have higher probability
of visiting ED in Mississippi, USA.

Our study differs from preceding distance and ED utilization studies, such as
Henneman et al. (2011), by focusing on the impact of travel cost on ED utilization
and how the ED utilization of patients with different levels and severity of
medical conditions are affected because of distance. Distance to facility may be
considered as a barrier to access and limiting access through distance may affect
health of population adversely, especially those who live at a higher distance from
the service provider. Although non-urgent ED use can be identified ex-post, ex-
ante identification of “appropriate” urgent care cases is difficult because of
asymmetric information problem that exists between the patient and the provider.
In addition, patient may not be fully aware of the possible prognosis of the
medical symptoms and conditions she/he was facing when deciding whether to
travel to the ED. Patient behavior in terms of ED use cannot be fully explained
unless medical conditions as well as competing ED locations and primary care
providers are taken into account. While Lee et al. (2007), Chen et al. (2015), and
Henneman et al. (2011) used zip code centroids or census block centroids as the
geographic origin of ED visits, as a major contribution, our study utilizes patient-
level physical addresses as the geographic origin to calculate travel distance and
costs for ED utilization. Despite the fact that it is easier to obtain zip code and
census block-based health data, zip codes and census blocks come in different
shapes and sizes and taking the centroids as the origin of visits rather than
residential addresses can produce biased results. In this regard, our study is an
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improvement to preceding studies that have explored the relationship between ED
utilization and travel distance.

As a policy suggestion, especially in rural areas where income and transportation
barriers are higher, hub and spokes type of rotating mobile clinics, use of
community health workers, and telemedicine that aim at reducing travel costs and
increasing access to primary care can be effective in reducing avoidable ED visits
as alternative sources of health care services.

2. FACTORS AFFECTING ED USE

The purpose of this analysis is to examine the effects of a number of variables,
including travel distance, on the utilization of ED. The decision to seek care from
ED should be similar to any other health care seeking behavior, unless utilization
of ED is considered essential, given the medical condition of the patient. Services
provided through ED are especially beneficial for types of medical conditions that
adversely affect health and wellbeing of patients within a very short period of
time. In other words, the benefits of receiving medical care decline very rapidly
with time for the medical conditions most amenable to ED services. Since
utilization of ED services is very time sensitive from the onset of medical
condition, travel distance and time clearly becomes an important determinant of
value of ED services to patients.

To understand the factors that affect ER-seeking behavior, a simple model of
patient choice of services is developed here. Assume that patients behave as if
they are trying to maximize utility or wellbeing. Patients seeking care may suffer
from any of the medical or health conditions {M;}. Let us assume that the
conditions vary by severity of health outcomes and health outcome decline rate
with time elapsed since the onset of the condition. It is possible to rank all the
medical conditions by severity and by rate of decline of health over time. These
ranked medical conditions can be written as: {M;, M,, M5, ... .... M,,} and since the
medical conditions ranked first require more urgent care, the value of ED service
declines with increasing “n”. If the distance to ED is not very high for patients,
maximizing health outcomes and wellbeing will imply that patients with medical
conditions ranked high in the list will seek care from ED. If we control for
medical conditions and their severities, provided that the ED facility is not located
too far away from patients, distance should have no impact on “appropriate”
utilization of ED services. Clearly, what is appropriate use of ED may change
based on alternative service availability in the geographic region as rational
patients compare the cost of seeking care with the potential benefits to be

67



INTERNATIONAL JOURNAL OF ECONOMICS AND FINANCE STUDIES
Vol 9, Say1 1,2017 ISSN: 1309 -8055 (Online)

obtained. For example, presence of community health workers, free clinics,
school clinics, and minute clinics can encourage some patients, especially the
ones with medical conditions that do not reduce health and wellbeing quickly, not
to seek care from the ED. On the other hand, for patients living very close to the
ED facility, cost of accessing care becomes low and even if the benefits of using
ED service is low, cost may still justify seeking care from ED for higher indexed
medical conditions (medical conditions ranked relatively low). In the continuum
of medical conditions, there is no clear demarcation between appropriate and
inappropriate use of ED —patients decide the use of ED based on their specific
circumstances. Therefore, the policy options to reduce the utilization of ED must
consider the factors that patients consider in deciding medical care seeking and
the strategies to encourage patients to substitute ED for other services are likely to
be more successful than identifying which medical conditions represent
appropriate or inappropriate use of ED. For this reason, this paper will not make
any attempt to define inappropriate use of ED as has been done by a number of
authors (Weber et al., 2005; Ruger et al., 2004).

The decision to go to ED is mainly determined by the perceived severity of the
case or condition, proximity to a primary care provider, closeness of substitutes
for the services that can be obtained in the ED (clinics, physicians’ offices,
spouses, pharmacies, taking a pill), distance to ED facility and transportation
costs, expected effectiveness of ED visit, expected out of pocket payments,
insurance status, season, day, time, and various patient characteristics, such as
health history, health status, age, chronic disease, education, gender, race,
profession, and marital status.

3. EMPIRICAL METHODOLOGY

Travel costs to obtain medical care consists of the opportunity cost of travel time
as rooted in the works of Becker (1965) and DeSherpa (1971) (see also, Truong
and Hensher, 1985), and actual transportation costs, such as the fixed costs
(vehicle, maintenance, insurance, etc.) and variable costs, such as the cost of
gasoline. Depending on the type of data in hand and research objective, the
relationship between ED utilization and travel costs can empirically be analyzed
within two frameworks: First, the effects of transportation costs on the
probability of an individual’s ED utilization can be analyzed through a logistic
estimation. More specifically, the determinants of the probability of utilizing ED
and why some patients seek out other care avenues, such as primary care
physician, do nothing, or taking a pill, for a particular health issue, say abdominal
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pain, while some others choose to go to the ED is an important policy question.
Second, the effects of transportation costs on the counts of ED utilization can be
analyzed through a count data estimation. This type of estimation will help to
understand the effects of transportation costs on “frequent” ED users®. We will
analyze the relationship between ED utilization and travel costs in a count data
estimation. As seen in Appendix I-A, the counts of ED visits are zero-inflated as
63.44% of patients did not visit the ED during the study period. There can be two
explanations for why some patients did not utilize ED: they are either (i) “certain”
not to visit ED and they “strategically” avoid it, or, (ii) they just did not choose
ED incidentally because of some underlying reasons or by chance.

Following Mullahy (1986), Heilbron (1989), and Lambert (1992), Zero-Inflated
Poisson (ZIP) and Zero-Inflated Negative Binomial (ZINB) models must be
preferred to OLS estimation when the count data are zero-inflated or over-
dispersed, which also calls for a negative binomial (NB) form. Within an NB
distributional form, the Vuong (1989) test indicates whether a ZINB distribution
produces a better fit than the standard NB specification. In our data, the dependent
variable, counts of ED visits, has been found to be zero-inflated (63.44% of
patients had no ED visit) and over-dispersed by having its variance (= 5.58)
substantially greater than its mean (=.826), N=40,702. Thus, the following ZINB
distribution was assumed for the empirical model:

1

J w; + (1 —w) (1_;%)& forg,=0;i=1.2,....n.
PrEDi =g = F(l+gi) al; 1 L (1)
L(l - wi)(r(%)(gi!) (1+0Mi)gl(1+ali)a fOT' gi > 0; L= 1, 2, v e 1L

where, Pr , is the probability of a visit being ED visit, w; is the probability of
excess zeros and is assumed to follow a logit distribution, such that, logit(w;) =
X;B where X; is a 1xk vector of covariates and B is a kx1 column vector of
coefficients. 4; is the mean of the underlying negative binomial distribution, « is
the dispersion parameter, such that, as a« — 0, the ZINB model collapses into a
ZIP (Zero-Inflated Poisson) model. The mean of the distribution in (1) is
E(ED;) = (1 — w;)A; and the variance isvar(ED;) = (1 — w)A; + (1 + w;A; +
aﬂ.l’).

? The definition of “frequent users” is an ambiguous one and it ranges from 3 to 7 visits per year in
the literature (Hunt et al., 2006).
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In the vector of covariates, using travel distance in its level confirms with the
exponential distance decay specification as a special case of *log-single”
specification among various potential distance decay specifications (see Taylor,
1971).

4. DATA AND FINDINGS

To estimate the assumed ZINB specification for ED visit counts, this study
utilizes county-level individual hospital visit data in a southeastern county in the
U.S. The variable that contains the counts of ED visits was constructed from the
codes in the data set that came from the hospital’s electronic medical record
system. Outpatient visits were taken as non-ED visits. Excluding the ED visits
that originated from outside the county, there were 40,702 ED visits that took
place between November 2011 and June 2015. We constructed travel distance for
each ED visit by geocoding residential physical addresses of patients utilizing
Esri ArcGIS (Esri, 2011) software. Then, we used the geocodes to calculate the
distances to the ED facility and travel distance and time to nearest primary care
facilities. We used the Charlson index (Charlson et al., 1987) for morbidity and
severity of both ED visits (admission Charlson index) and patient history as
controls. We also substituted the Charlson index with hospitalization by
construction a dichotomous variable based on the information that the ED visit
resulted in hospitalization as an indication of severity. Reporting only the
variables with significant coefficients, the findings of the ZINB estimation are
listed in Table 1 as follows:

Table 1. ZINB Estimation Results of ED Visit Counts per Patient

ED Visit Count Coefficient InfcI:ate quel
oefficient
Travel Distance to ED -0.039*** 0.082***
(-13.45) (7.7)
Distance to Nearest Primary Care Facility -0.02%**
(-11.16)
Age (reference= 0 to 14) 15 0.30%** 1.29%
to 54
-9.25 (2.19)
55 and older -0.09* 1.28*
(-2.56) (2.15)
Gender (reference: female) 0.08%** 0.5%**
Male ' '
(4.41) (5.61)
Race (reference: African) Other (Asian, -0.60*** 0.007
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Pacific
Islander,
Native
Am.)
(-6.79) (0.01)
Caucasian -0.30%** 0.41**
(-14.46) (3.14)
Hispanic -0.32%** 0.5
(-5.07) (1.48)
Medicaid 0.71*** -2.05%**
(32.08) (-4.72)
Medicare 0.17*** -0.57%**
(6.53) (-4.22)

Insurance Status (reference: non-Medicaid and
Medicare coverage) 0.27*** -2.89***
No insurance

(11.37) (-3.33)
Area (reference: Intervention area) 0.40*** -0.52***
(14.2) (-3.46)
Janjun 15 0.55***
(34.48)
Hospitalize 1.03*** -43.73
(45.86) (-0.00)
Married -0.19%** 1.006***
(-8.49) -8.13
Widowed -0.04 0.53*
(-1.07) -2.06
Constant -0.15*** -3.93***
(-4.22) (-6.74)
Lnalpha _cons -0.076***
(-3.61)
N 40,702

z statistics in parentheses
* p<0.05, **p<0.01, *** p<0.001
Vuong test of ZINB vs. standard negative binomial: z = 8.91. Pr>z = 0.0000

As the variable of interest, travel costs, proxied with no-traffic travel distance to
ED facility is found to be a significant factor on ED utilization in both count and
inflate parts of the ZINB estimation that is listed in Table 1. More specifically, a
1-mile increase in travel distance to ED will decrease the expected log(count) of
ED visits by -0.039, everything else being equal. Similarly, a 1-mile increase to
the nearest primary care facility will decrease the log(counts) of expected ED
visits by -0.023, everything else being equal. More interestingly, the log odds of
being an excessive zero would increase by 0.082 with a 1-mile increase in travel
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distance, everything else being equal. That is, while travel costs discourage the
count of ED visits, they also induce patients to strategically avoid the ED. While
the signs of coefficients of Medicaid, Medicare, no insurance, intervention area,
and hospitalize in the count part of the estimation were positive, they become
negative in the inflate part of the estimations. This indicates that patients with
Medicaid, Medicare, no insurance, from the intervention area, and patients who
were hospitalized were less likely to be a “certain-zero” ED visitors. The opposite
is true for the variables married and widowed that married and widowed patients
strategically avoided the ED. These findings reveal that travel costs are a
significant factor on ED visits both according to count and inflate estimation
results of the ZINB estimation after having controlled for severity of the medical
condition, age, gender, race, insurance status, hospitalization, being from an area
where community health workers and mobile clinics interventions are in place
(intervention area), visits in January-June 2015 period in which the interventions
took place, and marital status.

In discussing our findings, we used residential physical addresses as the ED origin
points, however, not all ED visits necessarily originate from residential addresses.
Time of day, type of case or condition (accident or trauma), or how the patients
were transported (if via ambulance, for instance) to the ED can be used as proxies
where origin information is not available. This point still remains as an issue for
the study. We assumed no time, technology, or policy effect over more than three
years of the study period between 2011 and 2015. We also assumed constant
prices (for gasoline, e.g.) for the same period. It is worth noting here that ED
admission Charlson index of severity and comorbidity found to be insignificant in
all estimations. While single-facility studies have their own advantages,
especially, due to the availability of physical address data, the relationship
between ED visits and travel costs can be explored by looking at ED visits to
multiple ED facilities from a certain geographic area. Similarly, the inclusion of
urgent care visits in the analysis along with outpatient visits can also potentially
improve the estimations.

5. CONCLUSION

In this study, we analyzed the effects of travel distance and costs on the counts of
ED visits per patient to a county community hospital between the years of 2011
and 2015. We found that, controlled for other factors, travel distance significantly
affects both the count probability and excess zero (inflated) probability of ED
visits through ZINB estimations. While higher travel distance and costs reduce the
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probability of ED visits, they induce patients to strategically avoid the ED. This
finding contradicts our assertion that when controlled for medical condition,
severity of medical condition, and availability of alternative primary care
facilities, travel distance and costs should not have mattered in the decision
whether to visit ED. More importantly, this finding indicates that some of the ED
visits were primary care-related or could have been discouraged by having
alternative delivery channels in the geographic region. Health care policies can
hardly influence residential location and moving decisions, but they can alter the
relative costs of non-urgent medical care options and reduce ED visits and
associated costs without affecting the health of population adversely.
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Appendix |
A. Distribution of ED visits

O’J.A

T T T
0 50 100 150 200
(sum) ifer1

B. Summary Statistics

Std.

Variable Obs  Mean Dev. Min Max
ED Count 44,162 0.98 2.63 0 165
Gender 44,162 0.56 0.50 0 1
Travel Distance to ED Facility 44,162 7.63 10.41  0.003 1248.68
Distance to Nearest Primary Care

Facility 44,162  10.04 11.21 0 124951
Medicaid 44,162 0.15 0.36 0 1
Medicare 44,162 0.21 0.40 0 1
No insurance 44,162 0.17 0.37 0 1
Hospitalized 44,162 0.14 0.35 0 1
Originates from intervention area 44,162 0.20 0.40 0 1
Married 40,987 0.41 0.49 0 1
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