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Abstract Accountable care organizations (ACO) in the
United States show promise in controlling health care costs
while preserving patients’ choice of providers. Understanding
the effects of patient choice is critical in novel payment and
delivery models like ACO that depend on continuity of care
and accountability. The financial, utilization, and behavioral
implications associated with a patient’s decision to forego lo-
cal health care providers for more distant ones to access higher
quality care remain unknown. To study this question, we used
an agent-based simulation model of a health care market com-
posed of providers able to form ACO serving patients and
embedded it in a conditional logit decision model to examine
patients capable of choosing their care providers. This simu-
lation focuses on Medicare beneficiaries and their congestive
heart failure (CHF) outcomes. We place the patient agents in
an ACO delivery system model in which provider agents de-
cide if they remain in an ACO and perform a quality improv-
ing CHF disease management intervention. Illustrative results
show that allowing patients to choose their providers reduces
the yearly payment per CHF patient by $320, reduces

mortality rates by 0.12 percentage points and hospitalization
rates by 0.44 percentage points, and marginally increases pro-
vider participation in ACO. This study demonstrates a model
capable of quantifying the effects of patient choice in a theo-
retical ACO system and provides a potential tool for
policymakers to understand implications of patient choice
and assess potential policy controls.
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1 Introduction

Empowering patients and preserving their freedom to choose
providers remains a fundamental aspect of health care delivery
in the United States. However, accountability for the patient’s
overall health dissipates in the complex transactions and pro-
vider disintegration of the traditional U.S. health care system
[1]. Therefore, health care costs are on the rise in part due to
the fragmentation of traditional health delivery outlets and
misaligned incentives in the prominent payment model [2].
Novel health care delivery and payment models attempt to
reconcile the freedom of choice for patients and provider ac-
countability. The Affordable Care Act promotes accountable
care organizations (ACO), which feature a comprehensive
payment model and organizational structure for a more
aligned care delivery system. An ACO is composed of health
care providers and specialists who deliver coordinated, con-
tinuous care and are held accountable for patient outcomes
and costs. ACO have shown promise in reducing health care
costs and improving health outcomes in demonstration pro-
jects [3]. In 2011, the Centers for Medicare and Medicaid
Services (CMS) published rules for its Medicare Shared
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Savings ACO Program [4] that specify how ACO savings are
to be shared between providers and the CMS. The growth of
public and private ACO and novel approaches to accountabil-
ity require additional research to study the financial, opera-
tional, and behavioral impact of such models.

The appeal to providers of forming ACO has been studied
and modeled in previous research. Liu and Wu [5] developed
an agent-based model in which providers decide whether to
participate in an ACO. The context is a dynamic market with
active provider decision-making serving 5000 Medicare pa-
tients with congestive heart failure (CHF). Providers with dif-
ferent quality and profit orientations engage in an evolving
environment and react based on an intention-driven decision
module. The model presented valuable insights regarding the
relationship between shared saving rates and provider behav-
ior, as well as population outcomes [5]. However, the model
did not allow patients to be active decision-makers; patients in
this model did not have the freedom to pick providers or
decide where to receive inpatient and outpatient care.

As with other markets, health care delivery markets are
more likely to perform better when customers (i.e., patients)
are empowered to choose their providers [6]. In the context of
accountable health care delivery, some tension exists between
preserving patient choice and continuity of care. On one hand,
informed patients who consistently choose better quality pro-
viders are likely to motivate providers to invest in quality
investments. On the other hand, ACO enable patient choice
of providers, whichmaymake it difficult to deliver continuous
care, measure quality, and estimate savings when patients uti-
lize non-ACO providers. The implications of patient choice in
the context of ACO remain unclear. In wake of recent health
care initiatives to promote provider accountability, under-
standing the power and effects of patient choice in an ACO
health care delivery market is critical for policymakers to iden-
tify success factors and optimize implementations.

In rural areas, patients often go to urban hospitals for care
rather than use the local hospital, a practice referred to as
patient bypass. In part due to patient bypass, about three
fourths of California rural hospitals are losing money and
many have discontinued services, including emergency de-
partments and inpatient services [7]. The resulting failure to
provide access to care in a timely manner is likely to cause
higher institutional costs [8]. Studies have analyzed patterns in
numerous countries (including the United States, Netherlands,
and Chad) and on various segments (e.g., older adults) and
specialties [9, 10]. Although research has investigated patient
choice and what hospitals can do to retain patients locally [11],
we found no literature quantifying the financial and utilization
effects of patient choice.

The dynamics in the health care market make it difficult to
assess effects mathematically or empirically. Such investiga-
tions call for the use of modern engineering tools, particularly
agent-based simulation, to explore and model complex

patient–provider interactions and pertinent system outcomes.
The goal of our research was to construct and run an agent-
based simulation model to understand the effects of patient
bypass. By designing the appropriate simulation scenarios,
we may gain insights that will allow researchers and
policymakers to understand and quantify the impacts of pa-
tient bypass and to draw closer to quantifying the degree to
which patient choice drives quality in ACO.

2 Agent-based patient choice simulation

The advantages of agent-based modeling make it a well-suited
tool to develop and understand the heterogeneity and com-
plexity of patient choice behavior and its implications on fi-
nancial and health outcomes. Therefore, we expanded and
modified Liu andWu’s [5] ACO agent-based simulation mod-
el (Fig. 1) to build and test a patient choice decision-making
module and quantify the effects of bypass.

2.1 The patient agent

Each patient agent represents a Medicare beneficiary who is at
least 65 years old. Every patient is generated with seven var-
iables: three health condition variables (diabetes, hyperten-
sion, and CHF) and four demographic variables (age, race,
gender, and income). The health condition and the gender
variables are binary variables. For example, for the diabetes
variable, 1 indicates a patient was diagnosed with diabetes, 0
indicates otherwise. Four race categories and three income
categories were used. Refer to Liu andWu [5] for an addition-
al description of the patient attributes. According to the liter-
ature, demographic variables are predictors of patient prefer-
ences of providers and a patient’s readiness to travel farther to
receive care [8]. In addition, the same seven patient-specific
variables predict a patient’s likelihood of developing CHF and
progressing through the condition and treatment stages [5].
The distributions of the seven patient attributes are based on
the National Health and Nutrition Examination Survey from
1999 to 2010 for individuals aged 65 years old or older; a joint
distribution was employed to relate the seven variables ac-
cording to survey data to generate patients from a population
with the same characteristics [5].

2.1.1 Patient alternatives

We randomly assigned individual patients to a preferred
(local) primary care physician clinic (PCP) and hospital.
Each patient was also assigned to an alternative (nonlocal)
clinic and hospital. For modeling purposes, hospitals and
clinics were assumed to provide identical services and have
unlimited capacity. The model counted patient bypass
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occurrence when a patient sought care at the alternative pro-
viders [12].

We used a distance parameter to control the fixed distance
between providers in each pair, measured in minutes between
providers. A higher distance parameter indicates less dense,
more dispersed delivery outlets that decrease the likelihood
that a patient will bypass the closest providers. A lower dis-
tance parameter indicates more compact distribution of deliv-
ery outlets; hypothetically, patients in this scenario are more
likely to bypass local providers. For modeling purposes, the
distance between any pair of preferred and alternative pro-
viders was assumed to be the same (60 min) to mimic a typical
rural–urban setting. In other words, should patients choose to
receive care from the alternative provider, they must travel
60 min. Essentially, this model controlled the effect of dis-
tance, but future versions can be adapted for a thorough spatial
representation of existing health care setting upon establishing
model validity.

2.1.2 Patient decision-making module

For modeling purposes, patients made the bypassing decision
at their first contact with their assigned providers in the model
based on the factors depicted in Fig. 2. Predictors of patient
bypass include provider attributes, patient attributes [8], and
distance [12]. The provider attributes that influence a patient’s
bypassing decisions include limited technology, resources,
services, and quality of care [8]. Four other studies have de-
rived model variables from Medicare patient data, including
discharge data, phone survey data, and Medicare hospital ser-
vice area data [7, 12–14]. All four models predicted patient
bypass behavior using conditional logit models, the accepted
standard modeling framework for hospital choice studies [7].
The four models varied in the number of provider attributes,
patient attributes, and comparators. For our ACO model, we
selected a subset of variables from the most relevant study

[12]. The selected variables that predict the probability of
bypass are categorized in Fig. 2.

Patient attributes are considered case-specific regressors;
they vary across patients and not across alternatives.
Provider attributes are alternative-specific regressors;
they vary across alternatives and not across patients.
Some variables in the relevant models may not be ap-
plicable in our model. For example, severity of a con-
dition is a significant predictor in some models, because
severely ill patients would require a hospital with more
resources and services [15].

The estimates of coefficients of regression model used are
from the conditional logit model by Tai et al. [12]. Their study
examined how patient and hospital attributes influence
choices among rural Medicare beneficiaries. The researchers
used a conditional logit model and provided odds ratios, in-
tercepts, and compelling fit statistics in their study report. Our
study adapted the applicable odds ratios to derive the model
coefficients for our patient variables. We used a subset of the
patient variables and a subset of the categories for some var-
iables. Refer to the Remarks column in Table 1 for more
details on the patient variables used. In our model, we did
not account for degree of severity of CHF and assumed hos-
pitals provided identical services but varied in the probability
of service outcomes (based on their disease management pro-
gram). Therefore, the regressors relating to service types were
averaged and added to the intercept term. The odds ratios and
the coefficients for every variable are listed in Table 1.

Effects of the quality of services provided, or perceptions
of quality, on patient choice were not reported in the afore-
mentioned study. This might be partly explained by the fact
that perception of provider quality is often difficult to obtain,
assess, and aggregate. Because of our interest in studying the
effects of provider quality on patient choice, we introduced
several contrived odds ratios to account for the effect of pro-
vider quality on patient choice.We assigned hypothetical odds

Fig. 1 Modified agent-based
simulation model. The structure
shows the different layers of the
simulation system and the
different agents—payer, provider,
and patient—and their key
components. This research
quantifies the impact of patient
choice by adding the highlighted
patient choice decision module.
(Note: PCP = primary care
physician clinic)
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ratio of patient bypass for mortality rate difference, hospitali-
zation rate difference, and disease management, and we con-
sidered the assumed values to be simulation parameters that
can be examined in the sensitivity analysis and updated if
estimates become available. Naturally, we chose coefficients
such that patients were more likely to bypass if the alternative
provider provided disease management services and had low-
er mortality rates and hospitalization rates.

We assumed the odds ratio of patient bypass for a 1 per-
centage point increase in mortality rate to be 0.90. This means
that patients favored lower mortality rates and were less likely
(10 % decrease in odds) to decide to go to the alternative
provider when the alternative provider had a mortality rate
that is 1 % higher than the preferred provider. Similarly, for
a 1 percentage point increase in hospitalization rate, we
assigned an odds ratio of patient bypass of 0.95. We also
assumed that the odds ratio for a patient seeking care at the
alternative provider was equal to 2 when the preferred provid-
er did not offer a disease management program and the alter-
native did. This means that a patient favored disease manage-
ment services; the odds that a patient would bypass a local
provider with no disease management intervention and choose
an ACO alternative provider offering disease management

programs were double the odds compared to a case in which
both providers offered similar services.

For modeling purposes, we assumed that patients were fully
aware of yearly provider performance: mortality rates, hospitali-
zation rates, and disease management programs. Although this
research assumed perfect information and action around perfect
information, it is possible to build information and action discrep-
ancies in future expansions of this model. For every patient, the
vector of patient and provider variables was multiplied by the
vector of coefficients, yielding a value (y). This value was then
placed in the logit function, such that:

P Bypassð Þ ¼ ey

1þ ey

The resulting value was then used as the probability of
bypass for the corresponding patient at the time of decision
making.

2.2 The provider agents

Providers in the simulation model delivered CHF care to patients
and chose to be a member in the ACO network. Members of the

Fig. 2 Variables that predict the
probability of patient bypass in
the agent-based simulation
model. The figure groups the
input variables into the
corresponding categories: patient,
provider, and environment.
Table 1 presents more details on
the categories of each variable
and the odds of bypass

Table 1 Odds ratios used in
patient bypass decision module
and derived model coefficients
from Tai et al. [12] conditional
logit model

Parameter Odds Ratio Coefficient Remarks

Intercept -1.358

Distance 0.998 -0.0020 Minutes to next alternative provider

Age: 75–84 0.847 -0.1660 Base: Age 65–74

Age: 85+ 0.744 -0.2957 Base: Age 65–74

Male 1.046 0.0449 Base: Female

White 1.187 0.1714 Base: Non-White

Medicaid eligible (income) 0.588 -0.5310 Base: Non-Medicaid eligible
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ACO network shared cost savings with Medicare (50 % shared
savings rate) and provided comprehensive disease management
programs. Disease management programs involve engaging pa-
tients in increasing self-management behaviors, comprehensive
discharge planning and support during hospitalizations, schedul-
ing post-discharge follow-up visits to ensure medication recon-
ciliation and treatment plan, and other preventive measures to
reduce conditions that lead to a hospitalization. For the provider,
this requires additional investments to enhance existing electron-
ic record systems and increase the staff. The costs of
implementing a disease management intervention were assumed
to be in the form ofmonthly costs per CHF patient obtained from
a meta-analysis on CHF disease management interventions [16].
Liu and Wu obtained the distribution of costs of CHF hospital-
ization from 2013 CMS estimates [17], whereas estimates of
effects were extracted from ameta-analysis of CHF diseaseman-
agement interventions [16].

In this model, a cost target to obtain the net savings was
acquired by running an identical model with no ACO network
formation and comparing per patient payments [5]. Provider
agents were either hospitals or PCPs. The model initiated with
three hospitals and 15 PCPs. Each provider placed different
weights on quality and profitability. The key aspect of the
provider agent is the capability to decide whether to partici-
pate in the ACO by implementing disease management pro-
grams. Provider agents influenced other provider agents’ per-
ceptions of participation, but each had individual attitudes
concerning investments and returns.

The decision-making process was a three-step process that
included perception, intention, and implementation. The deci-
sions providers made affected reimbursements and two patient
outcomes: mortality and hospitalization rates. The decision-
making module has been published and validated as part of
the ACO agent-based simulation model [5]. Additional details
of the provider decision-making mechanism and other ACO
components are beyond the scope of this research but can be
found in the Liu and Wu study [5]. To allow for patient by-
pass, we modified the ACO model developed by Liu and Wu
by refitting hospital and clinic provider agents to handle by-
pass patients as described below.

3 Research methods

The goal of this research was to construct a patient bypass
decision model, develop scenarios for understanding and
quantifying the effects of patient bypass, and draw insights
regarding the power of patient choice to achieve more desir-
able outcomes. We used AnyLogic version 6.9 to develop the
agent-based model. We retrofitted the new patient agent to the
ACO agent-based model developed by Liu and Wu (2014)
[5]. The patient agent code was developed to accommodate
multiple health care providers and enable patient choice, along

with the original modules (refer to Fig. 1). The code imple-
mented the logic involved in patients’ choice of providers
devised in Fig. 2 using the odds ratios listed in Table 1 and
Section 2.1.2. Verifying and validating techniques, as de-
scribed in Section 3.2, were employed to test the model, and
different scenarios were tested and compared using a defined
set of system outcomes. This section describes the approach to
designing and testing the model.

3.1 Constructing patient agent

We designed the patient agent to be an active agent in the
ACO simulation model originally developed by Liu and Wu
[5], in which the patient agent was passive and made no
choice. First, we studied and analyzed all aspects of the model
by referring to original model documentation, variables, and
parameters. A patient agent was constructed by defining new
agent state charts, functions, and data arrays to handle the
additional data. It was necessary to initiate and update existing
sets, variables, methods, and data charts to handle bypassing
patient data in other agents and modules, too. The aim was to
allow for separate processing of bypass-related data. We prop-
agated newly defined objects throughout the different classes
of the model to ensure full compatibility and verify that we
made appropriate modifications. In reference to Fig. 1, the
highlighted module corresponding to the patient bypass deci-
sion making was new code relative to the original model. In
the same figure, the boxes corresponding to all other modules
were expanded to accommodate the enhanced patient
capability.

3.2 Verifying and validating the model

Verifying refers to ensuring the model correctly implements
its intended conceptual framework. The verifying process in-
cludes individually designed steps and occurs throughout and
after building the model. Tests are considered successful if we
exaggerate parameters in the simulation and the model reacts
as expected. For example, setting the patient quality sensitiv-
ity to extremely high (or low) values should have predictable
effects on the outcomes. This test verifies the fundamental
relationship among costs, patient bypass, and provider
behavior.

Validating refers to ensuring the model correctly represents
the system specified in the objective. We validated the model
by checking that financial and population outcomes are close
to ACO studies at predetermined model settings. Bypass rates
from the model should be comparable to bypass rates from
studies performed onMedicare patients (30 % to 45%) [7, 12,
18, 19]. Additionally, per-patient payments should be consis-
tent with current Medicare CHF patient estimates [20, 21].
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3.3 Outcome measures and simulation settings

Understanding system outcomes and agent behaviors requires
defining a set of observable outcome measures that are con-
sistent across the various settings of this study. The outcome
measures were chosen to test hypotheses defined to meet the
objective. The set of analyzed outcomes are categorized and
listed in Table 2.

Yearly bypass rates refer to the percentage of CHF patients
that choose to receive care at the alternative provider in a
given year. Yearly hospitalization rate refers to the percentage
of CHF patients that are hospitalized. Yearly hospitalization
rates can be reduced by implementing disease management
interventions, which are described in Section 2.2. Similarly,
yearly mortality rate refers to CHF-related deaths in a given
year, which occur with CHF hospitalization. Therefore, lower
mortality and lower hospitalization rates indicate higher qual-
ity of care and better outcomes. Average yearly Medicare pay-
ment refers to the yearly payout Medicare makes to providers
divided by the total number of CHF patients. These payments
can also be referred to as costs from Medicare’s standpoint.
Lastly, we also measured the rate of ACO participation among
clinics and hospitals in the simulation.

We replicated each simulation 600 times and computed a
confidence interval on the mean for each outcome variable.
We chose the number of replicates to enable meaningful sta-
tistical comparisons between outcomes of different simulation
parameters using hypothesis testing.

3.4 Scenario testing

We identified six scenarios to generate insights regarding how
different aspects of the system influence outcomes and deci-
sion making (Table 3). To attain the objectives of this study,
we devised a scenario structure that represented a design-of-
experiments setup with two variables: ACO setting and pa-
tient decision capability. The ACO setting featured three
levels: (1) no ACO, (2) ACO choice for providers to partici-
pate in or opt out of the ACO, and (3) full ACO inwhich every
provider is a participant in the ACO. Meanwhile, patients
were either permitted to visit their alternative providers or
assigned a random provider with no choice (two levels). We
ran a full design to test the effects of different capabilities by

switching agent capabilities to various levels as show in
Table 3, with each combination replicated 600 times.

The baseline system is one in which providers were not
able to participate in an ACO nor were patients able to pick
their preferred provider. In reference to Fig. 1, the baseline
scenario corresponded to both modules in the dashed box
being inactive. In Scenarios 1 and 4, all providers started as
members of the ACO network to develop an impression on
participation, then were allowed to opt out or in during sub-
sequent years [5]. Scenario 1 allowed providers in the ACO
network to decide whether they wanted to remain in the ACO
and implement a disease management intervention or opt out,
whereas patients had no choice of providers. Scenario 2 forced
all providers to participate in the ACO network, whereas pa-
tients had no choice of providers. Last, Scenarios 3 through 5
are repeats of the first three scenarios but patients were given
the freedom of choice by having an alternative provider. The
effect of patient bypass on a traditional care (non-ACO) net-
work can be observed as the difference between Scenario 3
and the baseline.

We expected that increased ACO participation and patient
choice would be associated with improved outcomes: lower
mortality and hospitalization rates and lower per patient costs.
It is possible that patient choice would affect the efficacy of
the ACO, influencing the amounts of savings generated and
outcomes achieved. We also hypothesized that in scenarios in
which agents are allowed to optimize based on their prefer-
ences (Scenario 4), we would observe the tradeoff between
quality and profitability.

4 Results

After designing the patient agent and integrating it into the
ACO model, we verified the various capabilities using the
approaches described in the Methods section. When the pa-
tients were able to make bypass decisions, 39.5 % of patients
chose to do so in the simulation model. The modeled patient
bypass is consistent with estimates forMedicare patients in the
literature. Tai et al. [12] reported an average patient bypass
frequency of 40.5 % and Escarse et al. [7] reported a 45 %

Table 3 Simulation scenarios tested for this study, with each
combination replicated 600 times

Scenario ACO choice levels Patient bypass decision making

Baseline No ACO No

Scenario 1 ACO Choice No

Scenario 2 Full ACO No

Scenario 3 No ACO Yes

Scenario 4 ACO Choice Yes

Scenario 5 Full ACO Yes

Table 2 Set of outcome measures to compare different simulation
settings and scenarios

Population Provider

Yearly bypass rates Average yearly Medicare payment

Yearly mortality rates Clinics participating in ACO

Yearly hospitalization rates Hospitals participating in ACO
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bypass rate. We observed consistent outcomes relating to per
patient payments, bypass rates, and hospitalization [20, 21].
For each scenario, we estimated means and standard devia-
tions for outcomes listed in Table 2. The results are graphically
represented in Figs. 3 and 4.

As shown in Fig. 3, allowing patient bypass consistently
reduced yearly per patient payments across all ACO settings.
On average, there was a $320 reduction in yearly per CHF
patient payment (YPPP; p < .0001). The difference in pay-
ment induced by patient choice was greatest when providers
had ACO choice ($337 YPPP), compared to non-ACO ($321
YPPP) and full ACO ($302 YPPP) scenarios. We attribute
these savings in yearly payments per CHF patient to enabling
patient choice, regardless of the ACO environment.
Specifically, savings were more salient when providers had
ACO choice. Furthermore, we observed that the savings gen-
erated by ACO were not statistically influenced by patient
choice (p = .12). It is also noticeable that provider participation
in ACO consistently reduced YPPP. When providers had the
choice of participating in an ACO, there was savings of $823
YPPP; a full ACO generated savings of $1248 YPPP
(p < .0001). For perspective, a recent cost estimate for
Medicare beneficiaries with CHF is around $12,719.04 per
patient per year [20].

Figure 4 shows the quality outcomes for each of the tested
scenarios. Based on these results, patient choice statistically
significantly improved mortality and hospitalization rates in
the scenario when providers had the choice of ACO partici-
pation. In the ACO choice settings, patient choice reduced
mortality rates by 0.13 percentage points (p = .038) and re-
duced hospitalization rates by 0.44 percentage points
(p = .0069). In the other two scenario settings, patient choice
did not produce statistically significant changes in either qual-
ity outcomes. Increased provider participation in the ACO
statistically reduced mortality rates and CHF hospitalization
rates; both reductions are visible moving rightward on the
charts in Fig. 4 (p < .0001).

Patient bypass affected provider ACO participation deci-
sions. Providers increased their ACO participation at a mar-
ginally significant level (p < .10) when patients were allowed
to bypass. A 3 % increase in hospital participation in the ACO
was attributable to patient choice (p = .071). In addition, pa-
tient choice drove an additional 1.4 % of the PCPs to partic-
ipate in the ACO (p = .065). In other words, empowered and
informed patients influenced a small fraction of providers that
choose to participate in the ACO and provide a coordinated
quality improving intervention.

Different ACO settings slightly altered the rate of patient
bypass. Bypass rates were highest when providers had ACO
choice and were allowed to differentiate themselves at
40.11 % patient bypass rate. When providers were forced to
join an ACO or were forced outside of the ACO, patients were
less likely to seek care at the alternative provider with 39.39 %
bypassing in no ACO setting and 39.16 % bypassing at full
ACO setting (p < .0001).

Running a sensitivity analysis on key parameters identified
aspects of the model outcomes that varied when changing
some of the model assumptions. The distance parameter was
varied among the following values: {45, 60, 75} minutes. The
odds ratios of patient bypass for differences in mortality rates
{0.90, 0.95, 1} per percentage point change, hospitalization
rates {0.90, 0.95, 1} per percentage point change, and disease
management programs {1.25, 1.75, 2} were tested with 100
replicates for each combination of previously listed values. It
is important to note that setting the odds ratio to 1 indicated
that patients were indifferent to or unaware of changes in
provider quality.

A design-of-experiments approach was used to assess the
sensitivity of the model to key parameters. Distance and pa-
tient sensitivity to provider mortality rates, hospitalization
rates, and disease management offerings were independent
variables that were set at the aforementioned levels, each with
two extreme values and a center point. The analysis was run
on a comprehensive dataset that included the full model output
along with sensitivity analysis output (4200 replicates in to-
tal). See Appendix A for more details regarding the effects of
varying the aforementioned parameters on key measurable
model outcomes. As expected, varying the distance parameter
altered the average bypassing rate in the sensitivity analysis. A
higher distance parameter led to a lower patient bypass rate
(p < .0001). Furthermore, changing patient bypass sensitivity
toward provider mortality rates and hospitalization rates had
the expected effect on bypass tendencies. More sensitive pa-
tients were more likely to bypass (p < .05). The patient agent’s
response to changes in the previous parameters verified that
the patient bypass module functioned as intended. Varying
model parameters did not have a significant impact on key
model outcomes. However, the directionality of changes in-
duced by changing the model parameters might generate valu-
able insights. For example, understanding the effect of patient
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Fig. 3 Average yearly payment per CHF patient made to providers
across scenarios. The graphs, generated in Microsoft Excel, depict the
magnitude of the difference between the scenarios. There was a
statistically significant decrease in payments received by providers
when patients were permitted to bypass across all scenarios (p < .001)
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sensitivity to provider quality on long-term average yearly
payments would be useful. Increased patient sensitivity to
differences in hospitalization rates increased average YPPP,
albeit not at statistically significant levels in the tested range.

5 Discussion

By specifying key outcomes and the appropriate analysis ap-
proach, this research showed the technical feasibility of quan-
tifying effects attributed to individual agents and their interac-
tions in a health care market. The study demonstrated that
patient bypass decisions have several financial and health im-
plications. The estimated net effect of allowing patient choice
reduced yearly payments by $320 for CHF patients consistent-
ly across all ACO settings without sacrificing the quality of
care. Given that as of 2012, 5.1 millionMedicare beneficiaries
had CHF [21], savings of $320 per CHF patient constitute a
substantial amount. In addition, we observed that patient
choice did not have a significant impact on ACO effectiveness
to generate savings. From such findings we may imply that
even in rural settings, where there are fewer provider alterna-
tives for patients to choose from, ACOs would still be effec-
tive. Regarding quality of care, findings suggest that patient
choice that is driven by perfect information is associated with
improvements in quality of care when providers are allowed to
participate in an ACO. Although we recognize that the results
of this model at this stage should be interpreted only as a
simulation demonstration and not actual quantitative figures
in practice, the magnitude and directionality of the effects
found in the patient choice modeling provide useful insights.

This study allowed us to observe the tradeoff that providers
make between optimizing profits and improving patient out-
comes when they can decide whether to participate in an ACO
and implement a disease management intervention. In other
words, we witnessed the tension involved in profit maximiza-
tion between cost reduction and creating value to attract pa-
tient volume (through investing in quality interventions such

as disease management). When providers are allowed to opt
out of an ACO network, they optimize their profits; conse-
quently, they opt out of implementing the disease manage-
ment intervention to reduce costs. This may result in lower
quality of care, which might drive patients to the alternative
provider. Therefore, patient expectations may act as an incen-
tive to increase provider investments in quality interventions.
This investment may then yield costs savings by reducing
utilization, which generates ACO savings, and increasing pa-
tient volume. As a result, we observed a net savings effect
induced by patient choice. It is worth noting that CMS cur-
rently allows Medicare patients to choose their health care
providers. The findings of this model suggest that if CMS
restricts patient choice, it may increase per-patient spending
for Medicare CHF patients.

Patient choice marginally increases the number of hospitals
and clinics that remain in an ACO. Three percent more hos-
pitals and 1.4 % more clinics participated in the ACO when
patients were allowed to pick providers in the simulated sce-
nario. Hence, empowering patients to choose providers ap-
pears to make ACO participation more appealing for pro-
viders in the simulated health care system. Those differences
quantify the pressure patients place on providers to meet their
quality demands, when patients have perfect information.
Furthermore, under different ACO conditions, patient bypass
behaviors differed. When providers had the choice to partici-
pate in the ACO, we saw more patient bypass compared to a
full ACO or non-ACO setting. Naturally, when providers are
allowed to differentiate themselves, patients are expected to be
more active in picking the most suitable provider. This re-
search demonstrated the potential of studying emerging pro-
vider and patient behaviors to influence policy decisions, as
well as the possibility of understanding the effects of imper-
fect information on provider and patient behavior.
Furthermore, the sensitivity analysis demonstrated the influ-
ence of key model parameters on model outcomes. All of the
outcomes seemed to be fairly stable to changes in the patient
choice module and distance between providers. The results of
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Fig. 4 Average mortality rates and hospitalization rates by scenario. The
graphs, generated in Microsoft Excel, depict the improvements in quality
outcomes attributed to patient bypass and provider ACO participation.

Patient bypass produced statistically significant improvements in the
ACO choice setting for both quality measures but not in the other two
ACO settings
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the sensitivity analysis also verified the patient bypass deci-
sion module and the sensitivity of patients to provider quality
and distance.

The study successfully demonstrates a simulation model
capable of quantifying and assessing changes induced by pa-
tient choice. The results underscore the importance of patient
choice in changing provider behavior and payments. Patient
choice compelled more providers to participate in ACO, with
slightly more salient improvements in quality outcomes
given perfect information and providers’ ability to invest
in quality improving interventions. Although patient
choice is very important in the health care delivery sys-
tem, the sensitivity analysis suggested that varying pa-
tient sensitivity towards provider attributes did not sig-
nificantly alter the model outcomes.

6 Limitations and future research

This study established an approach for modeling the effects of
patient choice using an agent-based simulation. Upon estab-
lishing face validity, the model can be extended to a more
accurate reflection of actual health care delivery settings to
obtain predictive and quantitative results, rather than explor-
atory and qualitative insights. Furthermore, the model was
constrained by assumptions related to the patient and provider
agents. These limitations can be addressed in future work by
designing the model with additional capabilities for actively
studying patient choice and its pertinent implications.

The model presented in this study assumed equal geo-
graphical distances and identical services among providers.
Future research could utilize geographic information systems
to aid in modeling existing systems, populations, and hospital
types. By modeling different specializations and services for
providers, researchers could account for capacity and assess
its influence on different medical systems (e.g., urban, rural,
teaching hospitals). Even though several of these factors may
not be critical when studying CHF, it would be necessary to
account for when studying other comorbidities. All of the
aforementioned aspects are important in understanding patient
choice behavior [15]. Analyzing themwould allow us to better
understand capacity implications in provider and patient deci-
sionmodels and also provide an additional validating pathway
to compare model outcomes with existing systems outcomes.

Patient agents in the model can also be improved by in-
creasing the complexity of the decision-making module.
Patients typically interact socially with other patients and their
providers, and the impact of this interaction can be represented
in the model. With these improvements, the social aspect of
patient choice can be better represented and understood.

The capability of introducing bypass control initiatives to
the modeled system would allow us to study potential emer-
gent behavior patterns and system outcomes. It would permit

researchers to optimize particular outcomes and test proposed
designs. Information availability and provider transparency
could also be modified to reflect patient perception and model
the effects of different policies on public reporting of quality
of care. For example, patients who have updated information
about the quality of possible providers are more likely to seek
care from a provider that delivers better quality of care [22].

7 Conclusion

Patient choice affected health care payments, quality of care,
and provider ACO participation. The effects of patient choice
were most salient in scenarios in which providers had a choice
regarding ACO participations. Therefore, the results suggest
that the effects of patient choice, as an instrument in health
care delivery, may not be fully realized without providers’
ability to differentiate themselves. In addition, the effects of
patient choice were minuscule in terms of population health
and quality outcomes. These findings, which are consistent
with existing theories on the effects of patient choice, are
critical in the wake of recent health care initiatives and reforms
[23].

This research exhibited the potential for using complex
systems modeling to generate insights regarding the dynamic,
adaptive, and heterogeneous health care systems. By building
a patient agent capable of making a bypass decision and fitting
the agent into an existing ACO agent-based simulation model,
this study successfully provided an approach capable of quan-
tifying the effects of several aspects of patient choice on an
ACO system. This model is a step in the right direction to
decipher the complex interplay among various aspects of
health care delivery and payment. As health care models con-
verge toward accountability in payment and delivery, tools
and approaches to understand the effects of key compo-
nents are invaluable. The versatility of this approach,
once further validated, will allow for testing of various
policies to understand implications of patient bypass be-
havior and its impact on the system. This version of the
model may be the first step in building a computational
laboratory for researchers to test policy approaches to
understanding and optimizing patient choice for more
effective health care delivery.
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Appendix A. Sensitivity Analysis The sensitivity analysis
was performed on one scenario; providers had a choice of participating in
an ACO and patients had a choice between local and alternative pro-
viders. In total, 4200 replicates were analyzed, with each set of 100
replicates corresponding to a combination of values for the distance co-
efficient, mortality rate odds ratio (OR), hospitalization rate OR, and
disease management OR. The results are presented in a matrix of plots for
each outcome measure and model parameter, along with a standard least
squares regression fit for each outcome.

The tables below represent the relationship between four key model
parameters (horizontal axis) and measurable simulation outcomes (verti-
cal axis) developed using JMP Pro v12. The vertical dashed line in every
plot corresponds to the original values of the model parameters. The
horizontal dashed line in every plot corresponds to the value of the key
outcome at the original value of the model parameter. Note that ORs that
are farther from 1 indicate higher sensitivity. Therefore, the col-
umns corresponding to the ORs of CHF patient bypass for differ-
ences in mortality rates and hospitalization rates (Columns 1 and
2) are decreasing in sensitivity from left to right, because the
right-most value is an OR of 1. Meanwhile, in the column corre-
sponding to odds ratio for patient bypass for a difference in of-
fering disease management (Column 3), the patient bypass deci-
sion becomes more sensitive from left to right.

Table a1. Payment Outcomes Sensitivity:

Shared Savings ($):

Term Coefficient Std. Error T-ratio Prob > |t|

Intercept 1126.6108 227.3818 4.95 <.0001*

Mortality rate OR -0.087882 0.454684 -0.19 0.8467

Hospitalization rate OR 8.0887695 156.7177 0.05 0.9588

Disease management OR -278.5397 167.0616 -1.67 0.0955

Distance parameter -22.54507 22.49653 -1.00 0.3163
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Total per patient payment was significantly influenced by the distance
parameter in this sensitivity analysis.

Table a2. ACO Participation Sensitivity:

Number of ACO Hospitals:

Term Coefficient Std. Error T-ratio Prob > |t|

Intercept 1.6351875 0.284487 5.75 <.0001*

Mortality rate OR 0.0004861 0.000569 0.85 0.3929

Hospitalization rate OR -0.329667 0.196076 -1.68 0.0928

Disease management OR 0.0604167 0.209018 0.29 0.7726

Distance parameter 0.0076333 0.028146 0.27 0.786

The results of this model suggest that none of the key model param-
eters tested within the ranges of this sensitivity analysis influenced hos-
pitals’ decisions to remain in the ACO.

Term Coefficient Std. Error T-ratio Prob > |t|

Intercept 15,819.445 205.4774 76.99 <.0001*

Mortality rate OR 0.2231381 0.410883 0.54 0.5871

Hospitalization rate OR -122.2252 141.6206 -0.86 0.3882

Disease management OR -121.2628 150.968 -0.80 0.4219

Distance parameter -49.12623 20.32937 -2.42 0.0157*

This model suggests that within the tested ranges, none of the model
parameters significantly influenced savings realized in an ACO.

Per CHF Patient Payment in ACO ($):
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Number of ACO Clinics:

Term Coefficient Std. Error T-ratio Prob > |t|

Intercept 7.0897083 0.622143 11.40 <.0001*

Mortality rate OR -0.000366 0.001244 -0.29 0.7688

Hospitalization rate OR -0.192833 0.428798 -0.45 0.6529

Disease management OR 0.0541667 0.4571 0.12 0.9057

Distance parameter 0.0872556 0.061553 1.42 0.1564

The results of this model suggests that none of the key model param-
eters tested within the ranges of this sensitivity analysis influenced
clinics’ decisions to remain in the ACO.

Table a3. Quality Outcome Sensitivity:

Tables a4. Model fits for sensitivity analysis parameters.

Bypass:

Term Coefficient Std. Error T-ratio Prob > |t|

Intercept 51.567674 1.069226 48.23 <.0001*

Mortality Rate OR -0.043628 0.002138 -20.41 <.0001*

Hospitalization Rate OR -3.648671 0.736939 -4.95 <.0001*

Disease Management OR -7.87512 0.78558 -10.02 <.0001*

Distance Parameter 1.0145 0.105786 9.59 <.0001*

The results of this model suggest that increasing the mortality rate OR
and hospitalization rate OR (decreasing sensitivity) significantly de-
creased the probability of bypassing. In addition, increasing disease man-
agement preference (increasing sensitivity) significantly increased the
probability of bypassing. Furthermore, increasing the distance parameter

(the assumed distance between providers) significantly decreased the
probability of CHF patient bypass.

Hospitalization Rates:

Term Coefficient Std. Error T-ratio Prob > |t|

Intercept 0.8127582 0.016531 49.16 <.0001*

Mortality Rate OR 1.1125e-5 0.000033 0.34 0.7365

Hospitalization Rate OR 0.0020345 0.011394 0.18 0.8583

Disease Management OR -0.015552 0.012146 -1.28 0.2005

Distance Parameter -0.001855 0.001636 -1.13 0.2569

The results of this model suggest that varying the distance between pro-
viders and the desirability of lowermortality rates and hospitalization rates did
not influence the actual hospitalization rates for the simulated CHF
population.
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Mortality Rates:

Term Coefficient Std. Error T-ratio Prob > |t|

Intercept 0.2267616 0.006633 34.18 <.0001*

Mortality Rate OR -6.438e-8 1.326e-5 -0.00 0.9961

Hospitalization Rate OR 0.0053993 0.004572 1.18 0.2377

Disease Management OR 0.001215 0.004874 0.25 0.8031

Distance Parameter -0.000685 0.000656 -1.04 0.2969

The results of this model suggest that varying the distance between
providers and the desirability of lower mortality rates and hospitalization
rates did not influence the actual mortality rates for the simulated CHF
population.
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