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A lthough it is well documented that hospital admissions 

represent the largest share (32.3%) of US healthcare expen-

ditures1 and continue to grow every year,2 a rapidly changing 

mix of admission sources has received less attention. Between 2003 

and 2009, scheduled (elective) admissions remained stable, whereas 

unscheduled (nonelective) admissions grew from 25.3 million to 

26.7 million (a 5.3% increase), accounting for most of the growth in 

total admissions during that period.2 In particular, the emergency 

department (ED) has become the primary gateway to inpatient 

care. Hospital admissions originating from the ED increased by 

50% between 1993 and 20063 and now account for approximately 

half of all admissions.4 This increase in ED-originated admissions 

offset declines in scheduled admissions from physician offices 

and clinics.2

Increasing rates of unscheduled admissions, especially through 

the ED, reflect inefficiency and fragmentation in the healthcare 

system.5 For example, some data suggest that the ED is increasingly 

becoming the venue for evaluation and treatment of complex 

patients with potentially serious problems.4,6 Other research has 

reported that primary care physicians who face difficulties in 

admitting their patients due to high occupancy often turn to the 

ED as a portal for unscheduled admissions.2,7 Because access to 

adequate primary care can reduce preventable hospitalizations 

for ambulatory care–sensitive conditions,8 delivery systems that 

incentivize primary care and better coordination among providers 

may prevent unscheduled, avoidable hospital admissions.

Oregon’s Medicaid program recently transformed its care delivery 

system to improve fiscal soundness and promote coordinated care,9,10 

offering a unique opportunity to test a comprehensive accountable 

care model. The transformation is centered around 16 coordinated 

care organizations (CCOs), each of which is a geographically focused 

network of healthcare providers that receives a global budget to 

provide medical, mental health, and oral health care to assigned 

Medicaid enrollees.10 To ensure quality, CCOs must participate in a 

pay-for-performance program that rewards each CCO’s performance 

on 17 performance measures in multiple domains, including primary 

care, chronic disease management, prevention, and ED utilization.11
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ABSTRACT

OBJECTIVES: To examine the impact of coordinated care 
organizations (CCOs), Oregon’s Medicaid accountable care 
organizations, on hospitalization by admission source among 
female Medicaid beneficiaries of reproductive age.

STUDY DESIGN: We employed a difference-in-differences 
(DID) approach, capitalizing on the fact that CCO enrollment 
was generally mandatory whereas some Medicaid 
beneficiaries were exempt.

METHODS: We used 2011-2013 Oregon Medicaid 
eligibility files linked to hospital discharge data and birth 
certificates. We constructed person-month panel data 
on 86,012 women aged 15 to 44 years (N = 2,705,543 
observations) who were continuously enrolled in Oregon 
Medicaid. Outcomes included total and preventable hospital 
admissions. We also examined admissions separately by 
source, including scheduled and unscheduled admissions, 
as well as admissions through the emergency department. 
We estimated a fixed-effects multivariate DID model that 
compared a change in each outcome before and after CCO 
enrollment for CCO-enrolled Medicaid beneficiaries with 
a pre–post change for other Medicaid beneficiaries not 
enrolled in CCOs throughout the study period.

RESULTS: Hospitalization rates decreased overall for 
female Medicaid beneficiaries enrolled in CCO and also for 
non-CCO enrollees, whereas the proportions of unscheduled 
and preventable admissions increased for both Medicaid 
subgroups. CCO enrollment was significantly associated 
with a decline of one-fourth from the pre-CCO average in the 
probability of all-source preventable hospitalization, largely 
due to a decline in unscheduled preventable admissions.

CONCLUSIONS: CCO led to reductions in hospital 
admissions, especially preventable admissions, among 
female Medicaid beneficiaries of reproductive age in Oregon. 
Findings, if replicated, may imply that the accountable care 
delivery model implemented in Oregon Medicaid promotes 
efficient resource utilization.
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Eight CCOs began enrolling members in 

August 2012, and 7 more became operational by 

the end of that year; the last CCO began opera-

tion in 2013 (eAppendix Figure 1 [eAppendix 

available at ajmc.com]). More than 90% of 

Oregon Medicaid beneficiaries are now enrolled 

in CCOs and most are automatically assigned 

to the CCO covering their residential zip code.10 

Some subgroups are exempt from CCO enroll-

ment, including dual-eligible individuals, 

pregnant women in their third trimester at 

enrollment, individuals receiving medical 

home care services or living in areas not served 

by a CCO, and noncitizens eligible only for labor and delivery or 

emergency services.12

Several core characteristics of the CCO model could be particu-

larly effective in reducing preventable hospitalizations. These 

features include mandatory enrollment in a geographically defined 

provider network; emphasis on patient-centered primary care 

homes; close monitoring of high-risk patients; care coordination; 

required integration of medical, behavioral, and dental health 

care; a global budget; and incentives for quality improvement and 

provider accountability.10 Aggregate data show that, during the 

2013 post-CCO period compared with the 2011 baseline, there were 

decreases in all-cause hospital readmissions and ED utilization 

rates, as well as increases in primary care visits and enrollment 

in primary care homes.13 However, there is little evidence about 

the impact of CCOs on hospital admissions, and existing studies 

have reported inconsistent results. An analysis of Oregon Medicaid 

2010-2014 claims data, using Colorado Medicaid as a comparison, 

found a statistically significant increase in inpatient days after 

CCO implementation in Oregon.14 In contrast, another study that 

analyzed the same Oregon Medicaid data but used Washington 

Medicaid as a comparison found the opposite result, reporting a 

significant decline in inpatient days after the CCO implementation.15 

The inconsistency might be attributable not to CCOs but, rather, to 

other contemporaneous changes, such as nationwide decreases in 

Medicaid enrollees’ healthcare utilization or Medicaid program 

changes in the comparison states. Additionally, neither of these 

previous studies investigated the sources of hospital admissions.

The present study was conducted as part of a larger project 

that examines the impact of CCO implementation and Medicaid 

expansion on care utilization and the health outcomes of Oregon 

women of reproductive age (15-44 years). Specifically, we investigated 

whether CCOs led to changes in hospital admissions among female 

Medicaid beneficiaries aged 15 to 44 years. Using a unique data set 

that linked Oregon Medicaid, hospital discharge, and birth certificate 

data for 2011-2013, we examined changes in hospital admissions by 

source following the implementation of CCOs. We also examined 

preventable hospitalizations due to ambulatory care–sensitive 

conditions, as defined by the prevention quality indicators (PQIs) 

for hospital discharges.16

METHODS
Data Sources and Study Population

Medicaid eligibility records retrieved from the Medicaid Management 

Information System included 251,113 women aged 15 to 44 years 

enrolled in Oregon Medicaid between 2011 and 2013. The Medicaid 

data were individually linked to Oregon hospital discharge data to 

obtain information on hospitalizations and admission sources, and 

they were augmented with pregnancy status from Oregon birth 

certificates. Rural–Urban Commuting Area (RUCA) codes were 

assigned using residential zip codes.17

We created a panel data set with up to 36-month observations per 

person. The main analytic sample included 2,705,543 observations 

on 86,012 women continuously enrolled in Medicaid, defined as 

being enrolled for at least 90% of the study period (ie, 986 days). 

Approximately 84% of that sample (71,967 women) were enrolled 

in CCOs during the study period.

Outcomes

Hospitalization outcomes included binary variables of total hospital 

admissions for all admission sources combined, as well as separately 

by admission source (ie, scheduled or unscheduled). Scheduled 

admissions included all elective hospitalizations. Unscheduled 

admissions included all nonelective hospitalizations, such as 

transfers from other hospitals, direct admissions from outpatient 

providers, and admissions through the ED. We also examined 

unscheduled ED admissions separately.

We used the PQIs16 to identify preventable hospitalizations for 

acute and chronic ambulatory care–sensitive conditions separately 

for all hospitalization outcomes. PQIs were developed by the 

Agency for Healthcare Research and Quality for use with hospital 

discharge data. They have been employed to monitor the quality of 

outpatient care, early intervention, and prevention that can avoid 

hospitalizations due to complications or more severe disease.18

Analytic Approach

We measured the effect of CCOs on hospitalizations using the 

difference-in-differences (DID) approach. Identification of the effect 

came from 2 sources: (1) Only Medicaid beneficiaries mandatorily 

TAKEAWAY POINTS

Because access to adequate primary care can reduce hospitalizations for ambulatory care–
sensitive conditions, delivery systems that incentivize primary care and better coordination 
among providers may prevent unscheduled, avoidable hospital admissions. Findings of this 
study show that:

 › Unscheduled hospital admissions have been growing fast in recent years among female 
Medicaid beneficiaries in Oregon.

 › Coordinated care organizations—an accountable care delivery model in Oregon Medicaid 
that offers incentives to coordinate care, emphasize primary care, and meet global budgets 
tied to quality improvement targets—led to reductions in preventable hospital admissions, 
especially unscheduled admissions, among female Medicaid beneficiaries aged 15 to 44 years.
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enrolled in CCOs during the post-CCO era were influenced by the 

CCO implementation, and (2) there was some variation in CCO 

startup dates. Our benchmark empirical specification is as follows:

where Λ is the cumulative logistic distribution, i denotes a woman, 

g is an individual CCO, t indexes a month, and the βs are coefficients 

to be estimated. We modeled binary hospitalization variables 

specified in h
igt

 as a function of the policy-group indicator (cco
g
), 

the post-CCO period indicator (p
t
), and the interaction term of the 

policy-group and post-CCO period indicators (cco
g
 × p

t
), as well as 

covariates. The policy-group indicator identifies women continu-

ously enrolled in Medicaid who were either enrolled in a CCO or 

were not and thereby adjusts for baseline heterogeneity between 

the policy and reference groups. The post-CCO indicator identifies 

CCO-specific postimplementation periods, adjusting for an average 

pre–post trend in hospitalization. The coefficient on the interaction 

term (β
cp

) is our main interest, as it measures an additional change 

in the outcome attributable to CCO enrollment.

We controlled for time-varying covariates (x1'
igt

), such as age, 

pregnancy status, and rurality (using RUCA codes), as well as 

time-invariant covariates (x2'
ig

), such as race and Hispanic ethnicity. 

Aggregate data showed that both the policy and reference groups 

had similar trends in all outcomes (eAppendix Figure 2). We also 

specified the linear time trend (t
t
) and its interaction with CCO enroll-

ment (cco
g
 × t

t
) to additionally capture unspecified factors that might 

affect the outcomes separately for the policy and reference groups.

We obtained maximum-likelihood logit estimators for the bench-

mark specification. Standard errors were adjusted for intracluster 

correlation at the person level. To gauge the magnitude of the CCO 

effect, we computed average marginal effects as the average change 

in predicted probabilities of hospitalization from the pre- to post-

CCO periods, as the value of the policy-group indicator changes 

from 0 to 1, while evaluating all other variables at the observed 

values.19,20 We constructed 95% CIs of the average marginal effects 

using bootstrap standard errors based on 200 repetitions.

The estimated effect of CCO implementation in the benchmark 

empirical model could be biased if the policy-group indicator 

does not sufficiently capture unobserved person characteristics 

that influence hospitalizations in the policy and reference groups 

differently. For example, having severe chronic conditions may 

influence both CCO enrollment and hospitalization. We therefore 

extended the benchmark specification by replacing the policy-group 

indicator with person fixed effects:

where a
i
 refers to unobserved person heterogeneity.

We obtained conditional fixed-effects logit estimates. Although 

the fixed-effects model has a further advantage of not assuming 

that time-invariant person-specific characteristics are uncorrelated 

with the covariates, an average marginal effect cannot be obtained 

because fixed-effects coefficients are not actually estimated and zero 

fixed effects should be assumed to compute predicted probabilities. 

Therefore, we obtained marginal effects via fixed-effects linear 

probability models. Predicted probabilities ranged from 0.0031 to 

0.0087. We also confirmed that our results from the fixed-effects 

linear probability model were qualitatively consistent with those 

from conditional fixed-effects logit models.

RESULTS
Characteristics of the Study Population

As shown in Table 1, the person-month probability of all-source 

total hospital admissions among women aged 15 to 44 years who 

were continuously enrolled in Oregon Medicaid between 2011 and 

2013 was 0.91%, of which more than half (0.58%) were unscheduled 

admissions. The ED accounted for more than one-third of all-source 

admissions (0.33%), and approximately 99% of ED admissions 

were unscheduled (data not shown). About one-third (0.30% of the 

0.91%) of all-source admissions were preventable based on the PQIs, 

and about three-fourths of these admissions (0.24% of the 0.30%) 

were unscheduled. These patterns were consistent for both CCO 

and non-CCO enrollees. Although CCO enrollees were, on average, 

slightly more likely to experience all-source hospitalizations, they 

were less likely to have hospital admissions that were unscheduled, 

through the ED, or preventable.

Eighty-three percent of women in the analytic sample were enrolled 

in CCOs during the post-CCO period. Fifty-three percent of person-

month observations covered the pre-CCO period and 47% covered the 

post-CCO period; approximately 5% of observations were for pregnancy 

or birth. The average age of the women in the entire sample was 27.5 

years. Nineteen percent were Hispanic. The majority of the sample 

was white (88%), followed by black (4.9%), Asian/Native Hawaiian/

Pacific Islander (2.8%), and American Indian (2.2%). Most women in 

the sample lived in urban areas (83%). There were no significantly 

discernable differences in the demographic characteristics between 

CCO and non-CCO enrollees, except that 13% of CCO enrollees were 

Hispanic compared with 47% of non-CCO enrollees.

A time series of hospital admissions shows that the person-

month probability of all-source total hospital admissions decreased 

over the 2011-2013 study period—regardless of admission source 

and whether preventable or not—and the rate of the decline was 

similar between CCO and non-CCO enrollees (eAppendix Figure 2). 

In comparison, whereas the proportion of admissions that were 

scheduled decreased gradually for both CCO and non-CCO enrollees, 

the proportions of unscheduled admissions, ED-originated unsched-

uled admissions, and preventable admissions increased over the 

study period (eAppendix Figure 3).

Effect of CCOs on Hospitalization

Table 2 presents coefficients from the benchmark logit models. Of 

primary interest is the coefficient on the interaction term of the CCO 
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enrollment and post-CCO period indicators. This coefficient had 

a negative sign in 7 of the 8 models. It was always negative for the 

preventable hospitalization outcomes and statistically significant 

for all-source preventable admissions and unscheduled prevent-

able admissions. Results on the other covariates were reasonable. 

For example, the probability of hospitalization increased during 

pregnancy and with age.

Conditional fixed-effects logit estimates show that the coef-

ficient on the main interaction term was negative in all conditional 

fixed-effects logit models and statistically significant for all-source 

preventable admissions and unscheduled preventable admissions 

(Table 3). Although not at the conventional level of significance, it 

was significant at the 90% level for unscheduled total admissions 

and unscheduled ED-originated preventable admissions. Therefore, 

the results reported in Tables 2 and 3 overall suggest a decline in 

preventable hospitalizations for CCO enrollees, although coef-

ficients on the interaction term in the nonlinear models might be 

misleading in sign or magnitude.19

To help quantify the magnitude of the effect of CCO on hospitaliza-

tion, panel A of Table 4 reports average marginal effects (expressed 

as percentage-point changes) from the benchmark model, as well 

as 95% bootstrap CIs. Again, the marginal effect was negative in 

7 of 8 models and statistically significant for all-source preventable 

admissions (at the 95% level) and unscheduled preventable admis-

sions (at the 90% level). That is, CCO enrollment was associated 

with a decrease of 0.13 percentage point in the person-month 

probability of all-source preventable hospitalization (a drop of 

approximately one-third from the pre-CCO average of 0.40%) and 

a decrease of 0.11 percentage point in unscheduled preventable 

hospitalizations. The average marginal effects from the logit models 

were similar to marginal effects from linear probability models  

(eAppendix Table 1).

Results from the fixed-effects models reinforce these findings 

(Table 4, panel B). The marginal effect of CCO was always negative 

for the preventable hospitalization outcomes. It was statistically 

significant for all-source preventable admissions and for unsched-

uled preventable admissions, although the decreases were slightly 

smaller than those from the benchmark model specification. 

CCO enrollment was associated with a decline of 0.10 percentage 

point in the person-month probability of all-source preventable 

hospitalizations (roughly one-fourth of the pre-CCO average) and 

a decline of 0.08 percentage point in unscheduled preventable 

hospitalizations. Full results are available in eAppendix Table 2.

Sensitivity Analysis

As shown in Table 5, we performed falsification analyses to 

formally test whether the control group satisfies the common 

trend assumption central to a DID framework. We checked whether 

there was a difference in time trends between CCO and non-CCO 

enrollees using the subsample of the pre-CCO period. We did this 

by examining the coefficient on the interaction term of the linear 

time trend and CCO enrollment indicator. The coefficient on the 

interaction term was small in magnitude (with marginal effects 

ranging from changes of −0.015 to 0.004 percentage point) and also 

statistically insignificant except for all-source total admissions 

and scheduled admissions. Additionally, we tested the effect of 

a placebo policy of 8-month leads of CCO enrollment (at about 

the midpoint of the pre-CCO period) using the subsample of the 

pre-CCO period. Under the common time trends assumption, 

the false CCO enrollment should have no effect on the outcomes, 

TABLE 1. Descriptive Characteristics of the Sample: CCO Enrollees 
Versus Non-CCO Enrollees

Variable
Entire 

Sample
CCO 

Enrollees
Non-CCO 
Enrollees

Outcomes

Total hospitalizations

All-source admissions 0.91% 0.92% 0.86%

By source of admission

Scheduled admissions 0.34% 0.36% 0.26%

Unscheduled admissions 0.58% 0.58% 0.62%

Unscheduled 
admissions through ED

0.33% 0.32% 0.39%

Preventable hospitalizations (PQIs)

All-source 
preventable admissions 

0.30% 0.28% 0.38%

By source of admission

Scheduled preventable 
admissions

0.07% 0.07% 0.07%

Unscheduled preventable 
admissions

0.24% 0.22% 0.31%

Unscheduled 
preventable admissions 
through ED

0.17% 0.16% 0.23%

Main regressors

CCO enrollment 83.2% 100% 0%

Post-CCO period 47.4% 47.4% 47.8%

CCO enrollment  
× post-CCO period

39.4% 47.4% 0%

Covariates

Pregnant/birth 5.41% 5.37% 5.62%

Age in years, mean (SD) 27.5 (8.95) 27.0 (8.91) 30.2 (8.66)

Race/ethnicity

Hispanic 19.0% 13.3% 47.1%

White (reference) 87.9% 88.1% 85.9%

Black 4.88% 5.49% 1.83%

Asian and NHPI 2.76% 2.85% 2.27%

American Indian 2.18% 1.72% 4.44%

Other race 0.71% 0.52% 1.67%

Rurality

Urban (reference) 83.3% 83.4% 82.6%

Large rural 13.1% 13.3% 12.4%

Small rural 3.49% 3.22% 4.83%

CCO indicates coordinated care organization; ED, emergency department; 
NHPI, Native Hawaiian and Pacific Islander; PQI, prevention quality indicator.
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with marginal effects ranging from changes of −0.041 to 0.013 

percentage point. No significant effect of the placebo CCO enroll-

ment was found.

We tested whether our results were sensitive to different thresh-

olds for inclusion in the study sample, using the most restrictive 

condition of enrollment in Medicaid for 100% of the study period, 

as well as a less restrictive 80% condition, compared with the 

baseline 90%. We also checked for a possible seasonal effect by 

including additional month indicators. In all scenarios, our main 

findings remained robust.

DISCUSSION
We analyzed linked data sets of Medicaid claims and hospital 

discharges to determine whether an accountable care organiza-

tion (ACO) model implemented in Oregon Medicaid affected 

hospitalizations among women of reproductive age. Significant 

decreases in preventable hospitalizations were observed, consistent 

with expectations about the effect of this new financing and care 

delivery model.

ACOs are integrated provider networks that coordinate care and 

accept collective responsibility for the quality and cost of care.21 

TABLE 2. Effects of CCO on Hospitalization: Logit Coefficients and Standard Errors (N = 2,705,543 observations)a

Variable

Total Hospitalizations Preventable Hospitalizations (PQIs)

All Sources 
(scheduled +  
unscheduled)

By Admission Source
Unscheduled 
Through ED

All Sources 
(scheduled + 
unscheduled)

By Admission Source
Unscheduled 
Through EDScheduled Unscheduled Scheduled Unscheduled

Main regressors

CCO enrollment 
× post-CCO period

−0.0217
(0.0735)

0.1628
(0.1287)

−0.1326
(0.0837)

−0.0839
(0.1044)

−0.2459*
(0.1065)

−0.3506
(0.2517)

−0.2525*
(0.1170)

−0.2067
(0.1349)

CCO enrollment
−0.1611**

(0.0549)
0.0540

(0.0781)
−0.3028***

(0.0662)
−0.3961***

(0.0856)
−0.6486***

(0.0872)
−0.5251***

(0.1459)
−0.6930***

(0.0975)
−0.6986***

(0.1146)

Post-CCO period
−0.0802
(0.0678)

−0.2778*
(0.1213)

0.0330
(0.0757)

0.0676
(0.0927)

0.2067*
(0.0937)

0.2384
(0.2314)

0.2285*
(0.1017)

0.1637
(0.1166)

Covariates

Pregnant
3.0928***
(0.0184)

3.8540***
(0.0259)

2.5614***
(0.0236)

1.6592***
(0.0357)

1.6619***
(0.0402)

2.5908***
(0.0550)

1.3331***
(0.0486)

0.6534***
(0.0698)

Age
0.0376***
(0.0013)

0.0356***
(0.0015)

0.0380***
(0.0017)

0.0480***
(0.0021)

0.0626***
(0.0025)

0.0780***
(0.0032)

0.0593***
(0.0028)

0.0647***
(0.0033)

Race/ethnicity

Hispanic
−1.2867***

(0.0377)
−1.1499***

(0.0465)
−1.3176***

(0.0489)
−1.5307***

(0.0700)
−1.6468***

(0.0878)
−1.5566***

(0.1280)
−1.6618***

(0.0997)
−1.7144***

(0.1181)

Black
0.0583

(0.0426)
−0.0252
(0.0426)

0.1051
(0.0580)

0.1129
(0.0850)

0.2071*
(0.0913)

0.0455
(0.1113)

0.2422*
(0.1030)

0.3536**
(0.1223)

Asian and NHPI
−0.6396***

(0.0730)
−0.6089***

(0.0863)
−0.6395***

(0.1006)
−0.7233***

(0.1485)
−0.7525***

(0.1798)
−0.9997***

(0.2992)
−0.6811***

(0.1940)
−0.6210**

(0.2329)

American Indian
0.1480*
(0.0722)

−0.1984**
(0.0725)

0.3166***
(0.0904)

0.2780
(0.1462)

0.3449*
(0.1544)

0.1967
(0.1418)

0.3909*
(0.1800)

0.4066
(0.2291)

Other race
1.2147***
(0.0496)

1.1269***
(0.0615)

1.1799***
(0.0706)

1.4211***
(0.1046)

1.1529***
(0.1341)

1.0617***
(0.2129)

1.1312***
(0.1566)

1.4695***
(0.1791)

Rurality

Large rural
0.0296

(0.0255)
0.1604***
(0.0304)

−0.0593
(0.0365)

−0.1531**
(0.0552)

−0.0731
(0.0587)

0.1041
(0.0754)

−0.1200
(0.0697)

Small rural
−0.0745
(0.0551)

−0.0514
(0.0646)

−0.0848
(0.0719)

−0.2563*
(0.1153)

−0.1028
(0.1177)

0.0283
(0.1450)

−0.1320
(0.1367)

−0.1676
(0.1764)

Linear time trend
0.0043

(0.0033)
0.0076

(0.0058)
−0.0001
(0.0038)

−0.0012
(0.0045)

−0.0148**
(0.0046)

−0.0188
(0.0109)

−0.0151**
(0.0049)

−0.0120*
(0.0056)

CCO enrollment 
× time

−0.0029
(0.0036)

−0.0045
(0.0062)

0.0011
(0.0041)

−0.0011
(0.0051)

0.0136**
(0.0052)

0.0218
(0.0119)

0.0133*
(0.0057)

0.0115
(0.0065)

Constant
−6.1338***

(0.0709)
−7.7545***

(0.0957)
−6.2518***

(0.0863)
−6.7628***

(0.1086)
−7.1026***

(0.1206)
−9.4867***

(0.1745)
−7.1256***

(0.1354)
−7.5989***

(0.1593)

Log pseudo-likelihood −1.2e+05 −4.8e+04 −8.7e+04 −5.7e+04 −5.2e+04 −1.4e+04 −4.4e+04 −3.3e+04

CCO indicates coordinated care organization; ED, emergency department; NHPI, Native Hawaiian and Pacific Islander; PQI, prevention quality indicator.

*P <.05; **P <.01; ***P <.001.
aStandard errors in parentheses are corrected for clustering on individuals.
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Despite facing challenges in meeting these goals,22 the number of 

ACOs continues to grow, with approximately 23.5 million individuals 

covered by ACOs in early 2015 and more than 70 million expected to 

be covered by 2020.23 Although ACOs initially focused on Medicare 

beneficiaries under the Affordable Care Act, commercial insurers and 

state Medicaid programs are exploring comparable approaches.24,25 

By February 2018, 12 states had implemented ACO models in their 

Medicaid programs, and an additional 10 states were considering 

launching them.26 Although Medicaid ACOs differ in organization and 

structure across states,25 they share the value-oriented paradigm of 

TABLE 3. Effects of CCO on Hospitalization: Conditional Fixed-Effects Logit Coefficients and Standard Errorsa

Variable

Total Hospitalizations Preventable Hospitalizations (PQIs)

All Sources 
(scheduled + 
unscheduled)

By Admission Source
Unscheduled 
Through ED

All Sources 
(scheduled + 
unscheduled)

By Admission Source
Unscheduled 
Through EDScheduled Unscheduled Scheduled Unscheduled

Main regressors

CCO enrollment 
× post-CCO period

−0.1563
(0.0879)

−0.0143
(0.1669)

−0.1908
(0.0978)

−0.1727
(0.1183)

−0.3223**
(0.1225)

−0.4525
(0.2806)

−0.3063*
(0.1330)

−0.2793
(0.1540)

Post-CCO period
−0.0968
(0.0802)

−0.5523***
(0.1541)

0.0870
(0.0884)

0.1448
(0.1066)

0.2700*
(0.1092)

0.1660
(0.2542)

0.3104**
(0.1179)

0.2537
(0.1371)

Covariates

Pregnant
3.8245***
(0.0452)

5.2441***
(0.0979)

3.0727***
(0.0471)

1.9785***
(0.0563)

2.2926***
(0.0668)

3.4833***
(0.1615)

1.8886***
(0.0720)

1.1483***
(0.0951)

Age
0.0079

(0.0250)
0.0303

(0.0399)
−0.0029
(0.0306)

0.0083
(0.0397)

0.0482
(0.0418)

0.2198*
(0.0857)

0.0071
(0.0467)

0.0142
(0.0547)

Rurality

Large rural
0.0043

(0.1032)
0.0135

(0.1713)
−0.0331
(0.1215)

−0.0320
(0.1549)

−0.2688
(0.1570)

−0.3273
(0.2987)

−0.2673
(0.1788)

−0.0286
(0.2066)

Small rural
0.0381

(0.1390)
0.0107

(0.2396)
0.0373

(0.1681)
−0.0481
(0.2500)

−0.3220
(0.2328)

−0.1951
(0.5281)

−0.3942
(0.2477)

−0.4143
(0.3227)

Linear time trend
0.0085

(0.0044)
0.0241**
(0.0081)

0.0013
(0.0050)

−0.0011
(0.0061)

−0.0178**
(0.0062)

−0.0331*
(0.0132)

−0.0148*
(0.0068)

−0.0103
(0.0078)

CCO enrollment 
× time

0.0168***
(0.0043)

0.0314***
(0.0080)

0.0115*
(0.0048)

0.0046
(0.0058)

0.0224***
(0.0060)

0.0382**
(0.0127)

0.0194**
(0.0065)

0.0154*
(0.0074)

n 578,783 285,828 364,339 204,659 171,646 56,012 134,444 97,901

Log pseudo-likelihood −6.5e+04 −2.4e+04 −4.4e+04 −2.7e+04 −2.3e+04 −5535.8 −1.9e+04 −1.3e+04

χ2 7775 3178 4539 1261 1199 497 698 151

CCO indicates coordinated care organization; ED, emergency department; PQI, prevention quality indicator.

*P <.05; **P <.01; ***P <.001.
aStandard errors in parentheses are corrected for clustering on individuals.

TABLE 4. Marginal Effects of CCO on Hospital Admissions by the Source of Admission Expressed as a Percentage-Point Changea

Model Specification

Total Hospitalizations Preventable Hospitalizations (PQIs)

All Sources 
(scheduled + 
unscheduled)

By Admission Source
Unscheduled 
Through ED

All Sources 
(scheduled + 
unscheduled)

By Admission Source
Unscheduled 
Through EDScheduled Unscheduled Scheduled Unscheduled

Panel A: Benchmark Logit Modelb

Marginal effect 
of CCO

−0.007
[0.060]

0.043
[0.032]

−0.079
[0.067]

−0.037 
[0.055]

−0.127* 
[0.059]

−0.035 
[0.033]

−0.113c

[0.069]
−0.061 
[0.047]

Panel B: Fixed-Effects Linear Probability Modeld

Marginal effect 
of CCO

0.005
(0.062)

0.034
(0.034)

−0.043
(0.050)

−0.040
(0.039)

−0.096*
(0.037)

−0.028
(0.017)

−0.079*
(0.034)

−0.050
(0.029)

CCO indicates coordinated care organization; ED, emergency department; PQI, prevention quality indicator.

*P <.05; **P <.01; ***P <.001.
aReported in brackets are bootstrap standard errors based on 200 repetitions. Standard errors in parentheses were adjusted for person clustering.
bReported are average marginal effects computed as a change in the predicted probability of an outcome associated with CCO enrollment.
cP <.10.
dOnly main results are reported. See eAppendix Tables 1 and 2 for full results.
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aligning provider incentives to value instead of volume, coordinating 

care, and reducing inappropriate utilization.27

Some promising early findings about Medicaid ACO models 

have been reported. For example, Colorado’s Accountable Care 

Collaboratives (ACCs), which enrolled approximately 70% of all 

Colorado Medicaid beneficiaries, reported net savings of $37 million 

in fiscal year 2014-2015,28 up from $6 million in fiscal year 2012-

2013.29 Beneficiaries enrolled in ACCs had lower rates of ED visits 

and hospital readmissions compared with those not enrolled in 

ACCs.28 In Oregon, the rate of ED utilization among CCO enrollees 

has dropped every year, decreasing by 23% from 61 visits per 1000 

member-months in 2011 to 47 in 2014.30 Decreases in hospital 

admissions and inpatient days following CCO implementation 

have also been reported,13,15 despite some conflicting evidence.14

Our findings add to this body of promising evidence, indicating 

that Oregon’s unique Medicaid ACO model, on average, led to 

reductions in hospital admissions among women of reproductive 

age during the early phase of its implementation. In particular, we 

found significant decreases in preventable hospital admissions, 

especially those that were unscheduled. We therefore believe that 

CCOs may help prevent unnecessary admissions due to ambula-

tory care–sensitive conditions among Oregon women aged 15 to 

44 years, as is consistent with the incentives that they provide to 

coordinate care, emphasize primary care, and meet global budgets 

tied to quality improvement targets. If replicated, our findings 

may speak to a greater efficiency that the new healthcare delivery 

model introduces.

Our findings may appear to contrast with those of Morganti 

et al,2 who found no significant difference in ED admissions among 

Medicare + Choice patients compared with patients in traditional 

fee-for-service Medicare, whereas we consistently found that CCOs 

reduced admissions through the ED. We believe that several features 

of Oregon’s CCO model—such as risk-adjusted global payment, 

mandatory enrollment of Medicaid beneficiaries, and emphasis on 

primary care and prevention through team-based patient-centered 

medical homes—provide much stronger incentives than usual 

managed care arrangements for reducing hospitalizations and ED 

utilization without sacrificing quality.

Limitations

Some limitations are noteworthy. First, the effect of CCO implementa-

tion might spill over to Medicaid beneficiaries not enrolled in CCOs 

by influencing the overall behaviors of healthcare providers. Any 

such spillover effect would bias our results toward zero, thereby 

underestimating the actual effects of CCOs. Second, our results 

pertain only to female Medicaid beneficiaries aged 15 to 44 years, 

who make up approximately 64% of Oregon Medicaid enrollees,31 

and therefore should be generalized with caution. Although we 

believe that the CCO model can provide the same incentives to 

providers regardless of the gender and age of its enrollees, future 

TABLE 5. Sensitivity Analyses: Main Coefficients Expressed as Percentage-Point Changesa

Main Coefficient

Total Hospitalizations Preventable Hospitalizations (PQIs)

All Sources 
(scheduled + 
unscheduled)

By Admission Source
Unscheduled 
Through ED

All Sources 
(scheduled + 
unscheduled)

By Admission Source
Unscheduled 
Through EDScheduled Unscheduled Scheduled Unscheduled

Falsification Test 1: Examine the Coefficient on the Interaction Term of the Linear Time Trend and CCO Enrollment on the Pre-CCO Datab

CCO enrollment 
× linear time trend

−0.015**
(0.004)

−0.008**
(0.003)

−0.006
(0.004)

−0.003
(0.003)

0.004
(0.003)

0.001
(0.001)

0.003
(0.002)

0.001
(0.002)

Falsification Test 2: Pseudo CCO Enrollment on the Pre-CCO Data

CCO enrollment 
× post-CCO period 
(8-month leads)

−0.024
(0.087)

0.013
(0.051)

−0.041
(0.070)

−0.026
(0.053)

−0.037
(0.054)

−0.009
(0.025)

−0.022
(0.048)

−0.036
(0.041)

Alternative Definition of Continuous Medicaid Enrollment: 100% Enrollment During the Study Period

CCO enrollment 
× post-CCO period

0.021
(0.067)

−0.010
(0.038)

0.014
(0.055)

−0.005
(0.043)

−0.103*
(0.042)

−0.045*
(0.020)

−0.073c

(0.038)
−0.033
(0.032)

Alternative Definition of Continuous Medicaid Enrollment: 80% Enrollment During the Study Period

CCO enrollment 
× post-CCO period

0.022
(0.057)

0.037
(0.032)

−0.026
(0.046)

−0.034
(0.035)

−0.073*
(0.033)

−0.026c

(0.015)
−0.058c

(0.030)
−0.040
(0.026)

Controlling for Seasonality Using Month Dummies

CCO enrollment 
× post-CCO period

0.031
(0.062)

0.047
(0.035)

−0.028
(0.050)

−0.037
(0.039)

−0.092*
(0.037)

−0.027
(0.017)

−0.077*
(0.034)

−0.049c

(0.029)

CCO indicates coordinated care organization; ED, emergency department; PQI, prevention quality indicator.

*P <.05; **P <.01; ***P <.001.
aOnly main results are reported. Reported are coefficients from the fixed-effects linear probability models, expressed as percentage-point changes. Standard er-
rors in parentheses were adjusted for person clustering.
bEstimated  on the pre-CCO period data.
cP <.10.
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research may benefit from studying a broader Medicaid population, 

as well as its subgroups.

CONCLUSIONS
CCOs, an ACO model implemented in Oregon Medicaid, led to a 

decrease in preventable hospital admissions among female Medicaid 

enrollees of reproductive age in Oregon. Therefore, the Oregon 

Medicaid ACO model, which emphasizes primary care and care 

coordination aligned with strong financial incentives, may promote 

more efficient utilization of resources in the healthcare system. n
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eAppendix Figure 1. Timeline of CCO Implementation 
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eAppendix Figure 2. Trends in the Person-Month Probability of Hospital Admissions by Source 
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eAppendix Figure 3. Trends in the Proportion of Admissions by Source 
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eAppendix Table 1. Effects of CCO on hospitalization: OLS coefficients (n = 2,705,543) 

Variable 

Total hospitalizations Preventable hospitalizations (PQI) 

All sources 
(scheduled + 
unscheduled) 

By admission source 
Unscheduled 
through ED 

All sources 
(scheduled + 
unscheduled) 

By admission source 
Unscheduled 
through ED Scheduled Unscheduled Scheduled Unscheduled 

Main regressors         
CCO enrollment×Post-
CCO  

0.0002 0.0007* ‒0.0007 ‒0.0003 ‒0.0009* ‒0.0002 ‒0.0008* ‒0.0005 

 (0.0006) (0.0003) (0.0005) (0.0004) (0.0004) (0.0002) (0.0003) (0.0003) 
CCO enrollment 0.0003 0.0012*** ‒0.0010* ‒0.0011** ‒0.0019*** ‒0.0003* ‒0.0017*** ‒0.0013*** 
 (0.0005) (0.0002) (0.0004) (0.0003) (0.0004) (0.0001) (0.0003) (0.0003) 
Post-CCO  ‒0.0010 ‒0.0010*** 0.0001 0.0003 0.0008* 0.0002 0.0007* 0.0004 
 (0.0006) (0.0003) (0.0005) (0.0004) (0.0003) (0.0002) (0.0003) (0.0003) 
Covariates         
Pregnant 0.0788*** 0.0427*** 0.0370*** 0.0093*** 0.0078*** 0.0038*** 0.0043*** 0.0010*** 
 (0.0006) (0.0005) (0.0005) (0.0003) (0.0003) (0.0002) (0.0002) (0.0001) 
Age 0.0002*** 0.0001*** 0.0002*** 0.0001*** 0.0002*** 0.0000*** 0.0001*** 0.0001*** 
 (0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000) 
Race/ethnicity         

Hispanic ‒0.0078*** ‒0.0028*** ‒0.0051*** ‒0.0031*** ‒0.0028*** ‒0.0006*** ‒0.0023*** ‒0.0017*** 
 (0.0002) (0.0001) (0.0002) (0.0001) (0.0001) (0.0000) (0.0001) (0.0001) 
Black 0.0009 0.0000 0.0008* 0.0004 0.0007* 0.0001 0.0007* 0.0007* 
 (0.0005) (0.0002) (0.0004) (0.0003) (0.0004) (0.0001) (0.0003) (0.0003) 
Asian and NHPI ‒0.0042*** ‒0.0015*** ‒0.0028*** ‒0.0018*** ‒0.0016*** ‒0.0004*** ‒0.0012*** ‒0.0008** 
 (0.0004) (0.0002) (0.0004) (0.0003) (0.0003) (0.0001) (0.0003) (0.0003) 
American Indian 0.0022* ‒0.0007** 0.0030*** 0.0014 0.0017* 0.0003 0.0015* 0.0011 
 (0.0009) (0.0003) (0.0008) (0.0007) (0.0008) (0.0001) (0.0007) (0.0007) 
Other Race 0.0172*** 0.0072*** 0.0099*** 0.0060*** 0.0032*** 0.0007* 0.0023*** 0.0024*** 

 (0.0009) (0.0008) (0.0010) (0.0008) (0.0007) (0.0003) (0.0006) (0.0006) 
Rurality         

Large rural 0.0002 0.0005*** ‒0.0004 ‒0.0005** ‒0.0002 0.0001 ‒0.0002 0.0000 
 (0.0002) (0.0001) (0.0002) (0.0002) (0.0002) (0.0001) (0.0002) (0.0001) 
Small rural ‒0.0004 ‒0.0002 ‒0.0003 ‒0.0007* ‒0.0002 0.0000 ‒0.0002 ‒0.0002 

 (0.0005) (0.0002) (0.0004) (0.0003) (0.0004) (0.0001) (0.0003) (0.0003) 
Linear time trend 0.0001** 0.0001*** 0.0000 ‒0.0000 ‒0.0001*** ‒0.0000 ‒0.0001*** ‒0.0000* 
 (0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000) 
CCO enrollment X Time ‒0.0001* ‒0.0001*** 0.0000 0.0000 0.0001** 0.0000 0.0000** 0.0000* 



 (0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000) 
Constant ‒0.0003 ‒0.0013*** 0.0011* 0.0006 0.0004 ‒0.0003** 0.0007 0.0002 
 (0.0006) (0.0003) (0.0005) (0.0004) (0.0004) (0.0001) (0.0004) (0.0003) 

Notes. Standard errors in parentheses are corrected for clustering on individuals. 
*p < .05; **p < .01; ***p < .001. 
 
 
  



eAppendix Table 2. Effects of CCO on hospitalizations: Coefficients from fixed-effects linear probability model (n = 2,705,543) 

Variable 

Total hospitalizations Preventable hospitalizations (PQI) 

All sources 
(scheduled + 
unscheduled) 

By admission source 
Unscheduled 
through ED 

All sources 
(scheduled + 
unscheduled) 

By admission source 
Unscheduled 
through ED Scheduled Unscheduled Scheduled Unscheduled 

Main regressors         
CCO enrollment×Post-
CCO  

0.00005 0.00034 ‒0.00043 ‒0.00040 ‒0.00096* ‒0.00028 ‒0.00079* ‒0.00050 

 (0.00062) (0.00034) (0.00050) (0.00039) (0.00037) (0.00017) (0.00034) (0.00029) 
Post-CCO ‒0.00101 ‒0.00111*** 0.00017 0.00033 0.00083* 0.00015 0.00079* 0.00046 
 (0.00056) (0.00031) (0.00046) (0.00035) (0.00035) (0.00016) (0.00031) (0.00027) 
Covariates         
Pregnant 0.08314*** 0.04499*** 0.03910*** 0.01023*** 0.00910*** 0.00412*** 0.00530*** 0.00164*** 
 (0.00060) (0.00052) (0.00052) (0.00032) (0.00030) (0.00018) (0.00024) (0.00015) 
Age 0.00006 0.00013 ‒0.00005 0.00002 0.00013 0.00016** 0.00001 0.00002 
 (0.00021) (0.00013) (0.00016) (0.00012) (0.00011) (0.00005) (0.00010) (0.00009) 
Rurality         

Large rural 0.00018 0.00045 ‒0.00033 ‒0.00035 ‒0.00111 ‒0.00034 ‒0.00084 ‒0.00007 
 (0.00100) (0.00059) (0.00085) (0.00061) (0.00059) (0.00027) (0.00054) (0.00042) 
Small rural 0.00096 0.00045 0.00034 ‒0.00037 ‒0.00097 ‒0.00023 ‒0.00085 ‒0.00055 

 (0.00127) (0.00082) (0.00107) (0.00075) (0.00069) (0.00031) (0.00062) (0.00048) 
Linear time trend 0.00012*** 0.00007*** 0.00004 0.00001 ‒0.00005* ‒0.00002* ‒0.00003 ‒0.00002 
 (0.00003) (0.00002) (0.00003) (0.00002) (0.00002) (0.00001) (0.00002) (0.00001) 
CCO enrollment X Time ‒0.00008* ‒0.00005** ‒0.00002 ‒0.00001 0.00005** 0.00002 0.00004* 0.00002 
 (0.00003) (0.00002) (0.00003) (0.00002) (0.00002) (0.00001) (0.00002) (0.00001) 
Constant 0.00226 ‒0.00291 0.00482 0.00209 ‒0.00091 ‒0.00361* 0.00193 0.00102 
 (0.00536) (0.00328) (0.00423) (0.00316) (0.00296) (0.00142) (0.00265) (0.00225) 

Notes. Standard errors in parentheses are corrected for clustering on individuals. 
*p < .05; **p < .01; ***p < .001. 
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