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A ccountable care organizations (ACOs) are a popular form 

of alternative payment model (APM), and the number of 

individuals covered by ACOs continues to rise. Now covering 

more than 45 million US lives,1 ACOs incentivize efficient and 

coordinated care by holding participating provider organizations 

accountable for the total cost of care for covered individuals.2 This 

model aims to reduce costs and improve quality, and ACOs have 

thus far had modest success in these domains.3-8

To achieve these goals, ACO participants must coordinate care for 

covered individuals across care settings including inpatient care, 

long-term and postacute care, outpatient providers, and others.2 This 

coordination can be facilitated by effective use of health informa-

tion technology (IT)—in particular, health information exchange 

(HIE)—across providers who share ACO-attributed patients.9,10 

The extent to which a hospital’s HIE network includes all partner 

organizations with which the hospital shares patients is referred 

to as HIE breadth.11 Encouraging HIE participation to increase HIE 

breadth and support a nationally interoperable health care delivery 

system remains an important policy goal in the United States.12-15 

However, early evidence on the impact of ACOs in driving HIE 

across health care providers is mixed. One study illustrated broader 

HIE networks among APM provider participants.11 Others showed 

that ACO participation encouraged intraorganizational HIE and 

strengthened existing patient-sharing relationships16,17 but did not 

increase interorganizational HIE.17 Furthermore, interorganizational 

and intraorganizational HIE are known to be inversely related,18 

raising questions with respect to whether ACOs simply provide 

financial buttressing for existing partnerships or actively expand 

care coordination networks. Although value-based payment models 

like ACOs could increase HIE adoption and use,19,20 their effect could 

be limited if ACO membership does not also increase the types of 

organizational partners with which participants routinely exchange 

patient data to include more of the full continuum of care.

Among hospitals, ACO participation is associated with greater 

adoption of health IT capacity,21-26 and recent work has shown that 

hospitals participating in APMs have broader networks of exchange 

partners but lower overall volume of exchange.11 However, there also 
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OBJECTIVES: First, to assess whether hospitals expand 
the network breadth of their health information exchange 
(HIE) partners after joining an accountable care organization 
(ACO). Second, to analyze whether this HIE network 
expansion effect varies across markets with differing levels 
of ACO penetration.

STUDY DESIGN: Difference-in-differences analyses of US 
nonfederal acute care hospitals, 2014-2017.

METHODS: We used data from the American Hospital 
Association Annual Survey and Information Technology 
Supplement to measure hospital ACO participation, HIE 
network breadth (defined as number of different partner 
types), and ACO market penetration at the hospital referral 
region level. We implemented a difference-in-differences 
model to estimate changes in hospitals’ HIE network breadth 
with ACO participation in different years. We estimate 
these effects combined across all markets and stratified by 
markets with high and low ACO market penetration.

RESULTS: In combined analyses, HIE breadth increased by 
0.35 partner types with ACO participation, a 30.7% increase 
(P < .001). In stratified analyses, this effect was larger for 
hospitals in high–ACO penetration markets (0.41 partner 
types, a 32.0% increase; P < .001) and smaller for hospitals 
in low–ACO penetration markets (0.25 partner types, a 
24.8% increase; P < .05). We found dynamic effects of ACO 
adoption illustrating an immediate effect in high–ACO 
penetration markets and a 2-year delayed effect in low–ACO 
penetration markets.

CONCLUSIONS: Hospitals that joined ACOs increased 
their HIE breadth, but this effect was heterogenous across 
markets and across time. Our findings illustrate a “network 
effect,” with large, immediate effects in HIE breadth 
following ACO participation in high–ACO penetration markets 
and smaller, delayed effects in low–ACO penetration markets.
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are concerns that ACO participation may occur disproportionately 

among technologically advanced hospitals and may provide financial 

incentives for HIE only among existing or intrasystem exchange 

partners.16,18 Moreover, ACO success is more common in markets 

with a critical mass of ACO participants.11,27-30 This may be because 

ACO-participating hospitals in markets with low ACO participation 

have fewer nonhospital ACO-participating partner organizations 

with which to share data and therefore have a lower incentive to 

invest in data exchange. Conversely, in high–ACO penetration 

markets, ACO-participating hospitals may have a bevy of techno-

logically equipped and financially aligned partner organizations 

with which to establish new HIE relationships. Ultimately, these 

market dynamics may limit the potential of ACOs as a driver of 

nationwide HIE adoption, as demand might only increase where 

supply already exists.

Understanding whether and to what extent hospital ACO participa-

tion drives HIE breadth—or broader HIE networks with increased 

coverage of the care continuum—is critical to understanding whether 

APMs help improve nationwide health IT infrastructure and breadth. 

Although ACOs that include nonhospital provider organizations 

such as long-term care (LTC) and behavioral health providers are 

associated with improved care quality31,32 and savings,33,34 incentives 

for hospitals to establish exchange with these nonhospital providers 

were not included in the initial Meaningful Use electronic health 

record (EHR) program. Implementing net new HIE capabilities 

with these nonhospital providers might therefore particularly 

benefit from hospital ACO participation as a means to improve 

care coordination, even if business relationships already exist. 

Furthermore, if the impact of ACOs on HIE network breadth varies 

across geographies due to variation in ACO market penetration,1 

we can gain insight into potential mechanisms (ie, HIE-enabled 

care coordination with nonacute providers) by which higher ACO 

penetration supports ACO success and pinpoint areas for policy 

intervention in low–ACO penetration markets.

Despite the importance of understanding these dynamics, we 

know of only 1 descriptive study examining the more general 

association between APM participation and HIE breadth,11 but no 

studies that examine whether this relationship was causal. In this 

study, we focus on 2 research questions. First, do hospitals that join 

ACOs subsequently increase the breadth of their HIE networks? 

Second, do these effects vary across markets 

with differing levels of ACO  penetration? We 

hypothesize that in aggregate, joining an ACO 

will lead to an expansion of hospital partner 

networks to include new organizational types, 

consistent with ACO incentives to ensure 

coordinated care across the continuum of 

care. We hypothesize that this increase will be 

more pronounced in markets with high ACO 

penetration compared with low-penetration 

markets, because high–ACO penetration markets 

are likely to have more provider organizations 

(of all types) with the capabilities and incentives to build HIE 

relationships with new ACO members.

METHODS
Setting and Data Sources

We used the American Hospital Association (AHA) Annual Survey 

and IT Supplement for 2014-2017 to measure our outcome of HIE 

breadth and primary independent variable of hospital-reported ACO 

participation. The AHA survey is sent annually to the chief executive 

of each US hospital, who either completes the survey or assigns 

an informed delegate to ensure accuracy of responses35; the mean 

response rate for the IT Supplement during our study period was 

59.5% (range, 56% in 2015 to 64% in 2017). We limited our sample to 

nonfederal acute care hospitals to construct a sample of hospitals 

subject to analogous incentives and market forces and comparable 

with previous literature using AHA survey data.11,13,36,37 We applied 

nonresponse weights to all analyses to adjust our estimates to be 

nationally representative and removed 338 hospitals from the sample 

that reported ACO participation in one year and no participation 

in subsequent years, as this behavior violates the “irreversibility of 

treatment” assumption required for our analysis strategy.

Measures: HIE Breadth

Our primary outcome variable was HIE network breadth, measured 

as the number of different types of exchange partners that a hospital 

reported; this was drawn from previous work exploring hospital 

engagement in HIE.11 In the 2014-2017 AHA IT surveys, hospitals were 

asked to report whether they routinely sent structured electronic 

information during patient transfers to (1) hospitals outside their 

system, (2) outside ambulatory care providers, (3) long-term and 

postacute care providers, and/or (4) behavioral health providers. 

From these 4 response options we constructed our primary outcome 

at the hospital-year level: a count measure from 0 to 4 measuring 

the breadth of a hospital’s HIE network as the number of different 

partner types with which a hospital regularly exchanged data. We 

also constructed binary outcomes at the hospital-year level for each 

of the 4 component partner types for use in a decomposed analysis 

of partner-type specific effects. Our primary outcome measure is 

consistent with the definition by Lin et al of HIE breadth and draws 

TAKEAWAY POINTS

Accountable care organization (ACO) success depends in part on a broad network of health 
information exchange (HIE) partners to effectively coordinate care. Our study illustrates that 
although ACO participation broadens HIE networks, the effects accrue differently across 
markets with varying levels of ACO penetration.

 › ACO hospitals in high–ACO penetration markets increase their HIE network breadth 
immediately after joining an ACO, but ACO hospitals in low–ACO penetration markets do 
not see gains for 2 years following ACO participation, on average.

 › ACOs are unlikely to drive the necessary gains in nationwide interoperability, especially in 
markets with low ACO penetration.
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on information systems measurement theory of electronic data 

interchange capturing different dimensions of interorganizational 

information exchange.11,38

We would expect HIE breadth to increase as hospitals join ACOs, 

because as a hospital joins or establishes an ACO, a new set of 

diverse partner organizations with mutual incentives to strengthen 

internal ties becomes relevant to the hospital.16 Our measure 

captures the degree to which hospitals broaden their HIE networks 

to new organizational types via net new HIE capabilities, as ACOs 

are specifically intended to bring together health care provider 

organizations to cover the continuum of care.

Measures: ACO Participation  
and ACO Market Penetration

Hospital ACO participation was determined based on hospital 

response to the AHA Annual Survey item “Has your hospital or 

health system established an accountable care organization?” to 

which hospitals responded yes or no. To distinguish between 

hospital markets with high ACO penetration and those with low ACO 

penetration, we calculated regional measures of the proportion of 

discharges attributable to ACO-participating hospitals. Our market 

definition was the hospital referral region (HRR), as this geography 

has direct implications for care coordination and patient referrals. 

We denoted an HRR as “high ACO penetration” if at least 30% of 

Medicare discharges came from ACO-participating hospitals in 

at least 3 of our 4 study years.39 ACO market penetration was fixed 

throughout the study period.

Hospital Characteristics

We included hospital and market characteristics from the AHA 

survey that have been demonstrated previously as factors associ-

ated with hospital HIE engagement and ACO participation.11 We 

included 2 controls for hospital IT adoption: EHR adoption level 

(less than basic EHR, basic EHR, and comprehensive EHR) and 

primary inpatient EHR vendor. The 4 most common vendors, Epic, 

Cerner, McKesson, and Meditech, captured 75.4% of hospitals in 

our sample. Those vendors were preserved; all others were catego-

rized as “other vendors.” We also measured the following hospital 

factors: participation in a regional health information organization, 

participation in a bundled payments program, establishment of a 

medical home program, teaching status, critical access hospital 

status, system membership, ownership (for-profit, nonprofit, or 

local government ownership), number of beds (< 100, 100-400, 

or > 400 beds), and hospital market share in terms of beds in the 

HRR. Market-level variables included urban or rural status and HRR 

market concentration measured as a Herfindahl-Hirschman Index 

using number of beds as the measure of market share.

Analysis

We computed descriptive statistics of hospitals, overall and stratified 

by ACO market penetration and never-ACO hospitals vs eventual 

ACO participants. We also calculated average HIE breadth measures 

relative to ACO participation for hospitals that joined ACOs (the year 

prior to ACO participation, the year in which the hospital initiated 

ACO participation, and the year following ACO initiation). Given 

recent advances in estimating difference-in-differences with varia-

tions in intervention timing (as is the case in our study), standard 

2-way fixed effects methods may result in biased estimates.40 Our 

primary analysis estimates a group-time average treatment effect 

on the treated, abbreviated ATT
(g,t)

, in aggregate and for groups of 

hospitals that first reported ACO participation in 2015, 2016, and 2017. 

This estimator from Callaway and Sant’Anna relaxes the traditional 

unconditional parallel pretrends assumption41 to an assumption 

of parallel pretrends across treated units and never-treated units 

conditional on covariates, justified by the observed differences in the 

characteristics of hospitals that never participate in ACOs compared 

with those that do.42 This approach applies weighting for hospitals 

that initiate ACO participation at different times, directly measures 

dynamic treatment effects (similar to event study regression), and 

adjusts preintervention estimates for selective treatment timing, 

a phenomenon that may occur with later–ACO adopting hospitals, 

especially in high–ACO penetration markets.40 Our results are 

therefore robust to potential bias from negative weighting issues 

identified by Goodman-Bacon in 2-way fixed effects with variation 

in treatment timing.43 We then report an aggregated causal estimate 

of ACO participation derived from a balanced-panel group-level 

ATT
(g,t)

. This estimator is preferred in this context to the recently 

developed deChaisemartin and D’Haultfœuille approach,44 which 

identifies instantaneous treatment effects in designs without 

relaxing the unconditional pretrends assumption.

We ran 3 models to address our 2 research questions. For our 

first question examining the overall effect of ACO participation, we 

ran a combined model including all ACO markets to estimate the 

group-average ATT
(g,t)

 of ACO participation. For our second research 

question analyzing differences in the effect across markets with 

differing levels of ACO penetration, we stratified the sample and 

ran separate models for hospitals in markets with high and low ACO 

penetration. This stratified sample approach both directly addresses 

our research questions regarding market effects and helps mitigate 

concerns of selection into treatment driven by ACO market penetration. 

We performed these 3 models for our primary HIE breadth outcome 

measure as well as all 4 component measures of our primary outcome. 

We focus on the results from our primary analysis; component 

analyses are presented in the eAppendix (available at ajmc.com). 

We also varied the cutoff value for defining markets with high and 

low ACO penetration, using 20% and 40% as robustness tests for 

our chosen value of 30% of Medicare discharges; these results are 

also presented in the eAppendix. All models controlled for baseline 

values of the hospital and market characteristics outlined earlier, and 

the combined model included an indicator variable for our measure 

of high–ACO penetration HRRs. Standard errors were clustered at 

the hospital level to account for autocorrelation of errors within 

hospitals over time. Hospitals reporting ACO membership in 2014 

were dropped from these analyses, as it is impossible to compute a 
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treatment effect and they cannot serve as controls because they are 

“always treated.” Finally, for comparison with more common (but 

likely biased) 2-way fixed effects approaches, we report results in 

the eAppendix from stratified models using 2-way fixed effects for 

comparison with our group-aggregated ATT estimates.

RESULTS
Our final sample included 4186 hospitals over 4 survey-years, totaling 

16,336 hospital-years. The mean (SD) HIE network breadth was 1.14 

(1.55) partner types. Mean HIE network breadth increased from 0.96 

partner types in 2014 to 1.20 in 2015 and remained stable through 

2017. In HRRs with high ACO penetration, the mean (SD) HIE breadth 

was 1.28 (1.59) partner types compared with 1.01 (1.48) in low–ACO 

penetration markets (eAppendix Table 1). The number of hospitals 

reporting ACO participation doubled over the study period, from 682 

(16.6%) in 2014 to 1399 (34.4%) in 2017. Our measure of ACO market 

penetration was fixed, but as ACO participation grew, the share of 

hospitals in high-penetration and low-penetration markets shifted 

(Figure 1). The proportion of ACO hospitals in high-penetration 

markets grew from 14.5% in 2014 to 24.6% of hospitals in 2017. 

Bivariate differences in hospital characteristics across markets 

with high and low ACO penetration are presented in eAppendix 

Table 1; differences across ACO participants and hospitals that never 

participated in ACOs are in eAppendix Table 2.

ACO Participation and HIE Breadth

ACO participants across markets differed in HIE breadth trends. 

ACO hospitals in high–ACO penetration markets saw increases in 

average HIE breadth from 1.21 partner types to 1.98 over the years 

prior to and following ACO participation, whereas ACO hospitals 

in low-penetration markets saw no change in HIE breadth over 

time (Figure 2).

In our difference-in-differences models, ACO participation led 

to a significant increase in HIE breadth; however, these effects were 

heterogenous across markets and across time. Across all markets, 

there was an increase in partner types with ACO participation 

(ATT
combined

, 0.35 partner types, a 30.7% increase; 95% CI, 0.22-0.48; 

P < .001) (Table). ACO participation in high–ACO penetration 

markets led to an increase of 0.41 partner types, a 32.0% increase 

(95% CI, 0.23-0.59; P < .001). In low-penetration markets, however, 

ACO participation had a smaller effect on the number of partner 

types (ATT
low ACO

, 0.25, a 24.8% increase; 95% CI, 0.05-0.44; P < .05). 

We observed similar patterns of effects in all 4 component outcomes 

(eAppendix Figure).

Treatment effects averaged at the ACO participation cohort 

level on HIE breadth demonstrated heterogenous effects by 

cohort group, the estimation of which is a key strength of the 

difference-in-differences estimation approach we use. In all 

models, the cohort of hospitals initiating ACO participation in 

2015 illustrated strong average effects of ACO participation on 

the number of partner types (Table). In contrast, the 2016 cohort 

ACO participation had no effect on the number of partner types 

in any of the 3 models. Finally, ACO participation increased the 

number of partner types for the 2017 cohort of hospitals, but 

only in high–ACO penetration markets (ATT
high,2017

, 0.54; 95% CI, 

0.05-1.04; P < .05).

Because of these heterogenous cohort effects, we also examined 

dynamic effects of ACO participation across different time frames 

of exposure. This approach averages the treatment effect by time 

relative to the first year that a hospital reported ACO participation, 

similar to event study regression. For example, hospital A that 

began ACO participation in 2015 and hospital B that began in 2016 

would have 2016 and 2017, respectively, denoted as t = 1, and those 

treatment effects would be averaged together to calculate an average 

treatment effect across all ACO hospitals at 1 year after ACO initia-

tion. Figure 3 presents the dynamic effects of ACO participation on 

HIE breadth across our 3 models. Consistent with Figure 2, we see 

a large immediate increase in HIE breadth in the year in which a 

hospital first reports ACO participation among hospitals in high–ACO 

penetration markets (ATT
high,t = 0

, 0.42; 95% CI, 0.16-0.68; P < .001). We 

also find that the only statistically significant treatment effect in 

low–ACO penetration markets occurs at 2 years after the hospital 

first participates in an ACO (ATT
low,t = 2

, 0.95; 95% CI, 0.16-1.74; P < .01). 

Full dynamic effects results are presented in eAppendix Table 3 

and estimates from our robustness tests varying the ACO market 

penetration cutoff percentages are presented in eAppendix Table 4. 

We find qualitatively similar aggregate effects when varying this 

cutoff value. Finally, stratified 2-way fixed effects estimates are 

presented for comparison with our group-aggregate ATT estimates 

in eAppendix Table 5.

FIGURE 1. Share of Hospitals Across ACO Participation and ACO 
Market Penetration Categories

ACO, accountable care organization; HRR, hospital referral region.
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DISCUSSION
Our results illustrate that ACO participation 

expands HIE breadth by sharing data elec-

tronically across more partner types, with 

heterogenous effects across markets with 

differing levels of ACO penetration. The returns 

to HIE from ACO participation are larger and 

immediate for hospitals in high–ACO penetra-

tion markets and smaller on average and delayed 

for hospitals in low–ACO penetration markets. 

We hypothesized that hospitals in low–ACO 

penetration markets may have fewer ready 

partners for exchange upon ACO participation 

and thus see a limit on the efficacy of ACO 

participation with respect to expanding HIE 

networks. Our findings of a smaller, delayed 

effect size in low–ACO penetration markets 

paired with null aggregate effects in 3 of the 

4 component measures provide moderate 

support for this proposed mechanism of market 

“readiness” for HIE expansion.

The financial incentives of ACOs should encourage hospitals to 

share data electronically with the care delivery organizations that 

they share patients with. Broad data sharing in the ACO context 

is especially relevant for LTC and behavioral health providers, 

which were ineligible to receive Health Information Technology 

for Economic and Clinical Health Act funding and are less likely 

to have IT infrastructure in place45,46 but often share patients with 

acute care hospitals. Despite the potential benefit to patients, these 

organizational linkages are rare.47,48 Encouragingly, our component 

analyses illustrate positive effects among behavioral health and LTC 

providers; in fact, net new HIE with LTC providers demonstrated the 

largest effect size in high–ACO penetration markets. This suggests 

that our aggregate effects are at least in part driven by new HIE 

capabilities with provider organizations that were not included 

in the original Meaningful Use incentive program. Although our 

measure cannot capture the total number of unique HIE partners 

within a given partner type, our measure allows us to observe net 

new connections such as these, which appear to be driving expanded 

HIE breadth among ACO-participating hospitals.

Beyond the returns to individual hospital ACO participants 

and the patients they care for, our findings also have implications 

for national efforts to expand HIE networks, which lean on APMs 

such as ACOs to drive some part of that expansion.49 Even with 

ACO incentives in place and benefits of expanded partnerships, 

hospitals’ ability to expand their HIE network breadth is dependent 

at least in part upon the existing ACO market, and these returns are 

likely to be delayed for hospitals in low-penetration markets. Our 

findings suggest that even with ACO adoption, HIE breadth may 

lag in markets without a critical mass of ACO participants. This in 

turn limits the role that ACO participation can play in building truly 

national HIE networks. This may be particularly true in low–ACO 

penetration markets, which tend to be more rural and less well 

resourced in general.

Taken together, our findings suggest that broader adoption of 

APMs may not be enough to stimulate rapid and balanced progress 

in nationwide interoperability, especially if those payment reform 

models remain unevenly distributed across geographies. One 

possible explanation is that ACO incentives in isolation may simply 

be too weak to justify the expense of building connectivity across a 

range of partners unless they are also organizationally committed 

to reducing costs through ACO membership themselves. As a result, 

policy makers may wish to focus on more direct incentives to 

stimulate engagement in electronic data sharing and more direct 

regulation and support of data sharing, such as that found in the 

rulemaking following the 21st Century Cures Act.12

Our results also point to increased HIE breadth as a possible 

reason for success of ACOs in high–market penetration areas.29 

Increasing HIE breadth allows ACO participants to incorporate the 

use of these networks into their care coordination workflows more 

quickly, which may in turn facilitate more rapidly realized savings. 

In contrast, hospitals in low–ACO penetration markets may not 

see these returns to interoperability for years following their ACO 

participation. For hospitals that join ACOs, this may hinder their 

ability to hit program targets in a timely manner; others may opt 

simply to not join ACOs due to the lack of network benefits. As such, 

it may be important to consider the local context when designing 

ACO performance goals, given that some gains may be immediate 

in ACO-dense markets and delayed in others. Future research into 

ACO formation, adoption, and evaluation should include explicit 

treatment of the local ACO market, as aggregate market measures 

FIGURE 2. HIE Breadth Before and After ACO Participation

ACO, accountable care organization; HIE, health information exchange; HRR, hospital referral region.
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mask important differences across markets with varying levels of 

ACO participation.

Limitations

Our results should be interpreted with several limitations in mind. 

First, we rely on self-reported data for both our outcome variable 

of HIE breadth and our treatment variable of ACO participation. 

Although the AHA survey and IT Supplement are widely used 

and have been validated against other sources, we are unable to 

independently verify the veracity of hospital responses to the 

survey. Second, all estimates from observational data necessarily 

rely on 1 or more assumptions for valid causal interpretation. In 

our case, causal interpretation of our models relies on an assump-

tion of parallel pretrends. Typically, difference-in-differences 

designs assume unconditional parallel trends; our empirical tests 

show no evidence of violation of this assumption in our model 

examining high-penetration markets, but there is some evidence 

that this assumption is violated in our combined and low–ACO 

penetration models. However, as Figure 3 makes clear, we find no 

evidence of violation of conditional parallel pretrends, which is a 

more appropriate assumption in our case due to observed differ-

ences across treated and control hospitals (eAppendix Table 2) 

and the likelihood of selective treatment effects.42 As a result, we 

interpret our ATT estimates as causal effects. Third, our measure 

of ACO participation does not distinguish among different types of 

Medicare ACOs or between Medicare and private payer ACOs, which 

may present hospitals with different incentives for data sharing. We 

are also unable to determine whether hospitals in the same market 

joined the same or different ACOs. Rather, our definition broadly 

captures all ACO participation rather than limiting participation to 

a particular program such as the Medicare Shared Savings Program. 

Finally, although we operationalize HIE breadth as the number of 

sharing partner types and thus can identify net new HIE relation-

ships, a single number is unable to capture the full complexity of 

HIE, such as differences in volume of exchange, what data elements 

are exchanged, whether exchanged data are integrated and used in 

clinical decision-making, and other important factors. Unfortunately, 

due to changes in response options and item availability over time 

in the AHA IT Supplement, we were unable to operationalize other 

dimensions of HIE such as volume, depth, and diversity.

CONCLUSIONS
Although hospitals broaden their HIE networks after joining an ACO, 

this effect is heterogenous across market types. Markets with high 

ACO penetration see an immediate and pronounced effect, whereas 

markets with low ACO penetration see only a delayed and smaller 

effect. Our results show that although ACOs are encouraging hospi-

tals to broaden their data-sharing networks, they do so unevenly, 

suggesting there is a “network effect” where greater ACO presence 

in a local market creates stronger incentives for investing in care 

TABLE. Group Average Treatment Effects of ACO Participation on HIE Breadth, Overall and by Cohorta

Outcome: HIE breadth

ACO participation

Combined model High–ACO penetration markets Low–ACO penetration markets

ATT (SE) 95% CI ATT (SE) 95% CI ATT (SE) 95% CI

Overall ATT 0.350 (0.07)*** 0.22-0.48 0.413 (0.09)*** 0.23-0.59 0.245 (0.09)* 0.05-0.44

Group ATTs

2015 cohort 0.455 (0.11)*** 0.20-0.71 0.410 (0.13)** 0.10-0.72 0.600 (0.22)* 0.07-1.12

2016 cohort 0.179 (0.11) –0.09 to 0.45 0.302 (0.14) –0.04 to 0.65 –0.047 (0.19) –0.50 to 0.41

2017 cohort 0.386 (0.11)*** 0.12-0.65 0.542 (0.21)* 0.05-1.04 0.272 (0.13) –0.04 to 0.58

ACO, accountable care organization; ATT, average treatment effect on the treated; EHR, electronic health record; HIE, health information exchange; RHIO, regional 
health information organization; SE, standard error.

*P < .05; **P < .01; ***P < .001.
aAll models include a balanced panel of hospitals and control for EHR adoption level, EHR vendor, RHIO participation, bundled payment participation, medical 
home status, health system membership, market share, and market concentration. The combined model adjusts for ACO market penetration; this variable is 
removed in the stratified models.

FIGURE 3. Dynamic Effects of ACO Participation on HIE Breadth

ACO, accountable care organization; HIE, health information exchange.
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coordination infrastructure such as HIE. This may limit the impact 

of ACOs as a mechanism for achieving nationwide HIE in areas with 

low ACO participation. n
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eAppendix Table 1. Descriptive statistics of sample, stratified by ACO market penetration 

 

Variable Level Overall Low ACO 
Penetration 
HRRs 

High ACO 
Penetration 
HRRs 

chi-sq 

Hospital-Year 
Observations 

weighted for non-
response 

27985.09 14106.3 13878.79 
 

HIE Breadth 
(mean,sd) 

 
1.14 (1.55) 1.01 (1.48) 1.28 (1.59) <0.001 

ACO Participation No 21860 (78) 12801 (91) 9059 (65) <0.001  
Yes 6125 (22) 1305 (9) 4820 (35) 

 

EHR Adoption 
Level (n,%) 

Less than Basic EHR 13708 (49) 7500 (53) 6208 (45) <0.001 
 

Basic EHR 6674 (24) 3366 (24) 3309 (24) 
 

 
Comprehensive EHR 7603 (27) 3241 (23) 4362 (31) 

 

Primary Inpatient 
EHR (n,%) 

Cerner 3028 (11) 1303 (9) 1725 (12) <0.001 
 

Epic 3788 (14) 1302 (9) 2485 (18) 
 

 
McKesson 1131 (4) 580 (4) 551 (4) 

 
 

Meditech 3949 (14) 2125 (15) 1823 (13) 
 

 
Other Vendor 16090 (57) 8796 (62) 7295 (53) 

 

RHIO Participation No RHIO 
Participation 

17531 (63) 9379 (66) 8152 (59) <0.001 
 

RHIO Participant 10454 (37) 4727 (34) 5727 (41) 
 

Bundled Payments 
Program 

No 25350 (91) 13302 (94) 12048 (87) <0.001 
 

Yes 2635 (9) 804 (6) 1830 (13) 
 

Medical Home 
Status 

No 23563 (84) 12654 (90) 10908 (79) <0.001 
 

Yes 4423 (16) 1452 (10) 2971 (21) 
 

Teaching Hospital 
Status 

No 21011 (75) 11506 (82) 9505 (68) <0.001 
 

Yes 6974 (25) 2601 (18) 4373 (32) 
 

Critical Access 
Hospital 

No 19269 (69) 9164 (65) 10105 (73) <0.001 
 

Yes 8716 (31) 4942 (35) 3774 (27) 
 

Ownership Type For Profit 6244 (22) 3656 (26) 2587 (19) <0.001  
Local Government 6409 (23) 3898 (28) 2511 (18) 

 
 

Non-Profit 15333 (55) 6552 (46) 8780 (63) 
 

Hospital Size >400 beds 2119 (8) 815 (6) 1304 (9) <0.001  
100-400 beds 10136 (36) 4447 (32) 5689 (41) 

 
 

<100 beds 15730 (56) 8844 (63) 6885 (50) 
 

Health System 
Member 

No 10705 (38) 5724 (41) 4981 (36) 0.002 



 
Yes 17280 (62) 8382 (59) 8898 (64) 

 

Hospital Market 
Share (beds) 

 
5.07 (8.15) 5.46 (8.79) 4.67 (7.43) 0.001 

Urban or Rural 
County 

Rural 12764 (46) 7613 (54) 5151 (37) <0.001 
 

Urban 15221 (54) 6493 (46) 8728 (63) 
 

US Census Region North Central 7059 (25) 3113 (22) 3947 (28) <0.001  
Northeast 2840 (10) 656 (5) 2184 (16) 

 
 

South 11754 (42) 7164 (51) 4590 (33) 
 

 
West 6332 (23) 3174 (22) 3158 (23) 

 

HRR Concentration 
(HHI) 

Not Concentrated 21223 (76) 10001 (71) 11222 (81) <0.001 
 

Moderately 
Concentrated 

4476 (16) 2626 (19) 1850 (13) 
 

 
Concentrated 2287 (8) 1480 (10) 807 (6) 

 

  



eAppendix Table 2. Descriptive statistics of sample, stratified by ACO participation (never 

vs. ever) 

 

Variable Level Overall Hospitals 
Never 
Participating 
in an ACO 

ACO 
Participants 

chi-sq 

Hospital-Year 
Observations 

weighted for non-
response 

27985.09 19406.95 8578.15 
 

HIE Breadth 
(mean,sd) 

 
1.14 (1.55) 0.88 (1.40) 1.74 (1.69) <0.001 

ACO Participation No 21860 (78) 19407 (100) 2453 (29) <0.001  
Yes 6125 (22) 0 (0) 6125 (71) 

 

EHR Adoption 
Level (n,%) 

Less than Basic EHR 13708 (49) 10622 (55) 3086 (36) <0.001 
 

Basic EHR 6674 (24) 4770 (25) 1904 (22) 
 

 
Comprehensive EHR 7603 (27) 4015 (21) 3588 (42) 

 

Primary Inpatient 
EHR (n,%) 

Cerner 3028 (11) 1539 (8) 1488 (17) <0.001 
 

Epic 3788 (14) 1491 (8) 2297 (27) 
 

 
McKesson 1131 (4) 732 (4) 399 (5) 

 
 

Meditech 3949 (14) 3152 (16) 797 (9) 
 

 
Other Vendor 16090 (57) 12494 (64) 3597 (42) 

 

RHIO Participation No RHIO 
Participation 

17531 (63) 13297 (69) 4234 (49) <0.001 
 

RHIO Participant 10454 (37) 6110 (31) 4344 (51) 
 

Bundled Payments 
Program 

No 25350 (91) 18572 (96) 6779 (79) <0.001 
 

Yes 2635 (9) 835 (4) 1800 (21) 
 

Medical Home 
Status 

No 23563 (84) 17960 (93) 5603 (65) <0.001 
 

Yes 4423 (16) 1447 (7) 2975 (35) 
 

Teaching Hospital 
Status 

No 21011 (75) 15787 (81) 5224 (61) <0.001 
 

Yes 6974 (25) 3620 (19) 3354 (39) 
 

Critical Access 
Hospital 

No 19269 (69) 12775 (66) 6494 (76) <0.001 
 

Yes 8716 (31) 6632 (34) 2084 (24) 
 

Ownership Type For Profit 6244 (22) 5599 (29) 645 (8) <0.001  
Local Government 6409 (23) 5344 (28) 1064 (12) 

 
 

Non-Profit 15333 (55) 8464 (44) 6869 (80) 
 

Hospital Size >400 beds 2119 (8) 846 (4) 1273 (15) <0.001  
100-400 beds 10136 (36) 6567 (34) 3569 (42) 

 
 

<100 beds 15730 (56) 11993 (62) 3737 (44) 
 



Health System 
Member 

No 10705 (38) 9043 (47) 1662 (19) <0.001 
 

Yes 17280 (62) 10364 (53) 6916 (81) 
 

Hospital Market 
Share (beds) 

 
5.07 (8.15) 4.20 (6.99) 7.03 (10.04) <0.001 

Urban or Rural 
County 

Rural 12764 (46) 9999 (52) 2764 (32) <0.001 
 

Urban 15221 (54) 9408 (48) 5814 (68) 
 

US Census Region North Central 7059 (25) 4161 (21) 2898 (34) <0.001  
Northeast 2840 (10) 1567 (8) 1273 (15) 

 
 

South 11754 (42) 8877 (46) 2877 (34) 
 

 
West 6332 (23) 4802 (25) 1530 (18) 

 

HRR 
Concentration 
(HHI) 

Not Concentrated 21223 (76) 14839 (76) 6383 (74) 0.196 

 
Moderately 
Concentrated 

4476 (16) 2976 (15) 1500 (17) 
 

 
Concentrated 2287 (8) 1591 (8) 695 (8) 

 

  



eAppendix Table 3. Difference-in-Differences Results, Dynamic Effects Estimates 

 
 

Outcome: HIE Breadth  
Combined Model High ACO Penetration 

Markets 
Low ACO Penetration 
Markets 

ACO 
Participation 

ATT (se) 95% CI ATT (se) 95% CI ATT (se) 95% CI 

Overall ATT 0.419 
(0.08)*** 

[0.16, 
0.68] 

0.420 
(0.1)*** 

[0.10, 
0.74] 

0.449 
(0.15)** 

[0.07, 
0.83]        

Dynamic ATTs ref: t = -3 
     

t = -2 0.123 (0.11) [-0.15, 
0.4] 

-0.165 
(0.17) 

[-0.62, 
0.29] 

0.295 
(0.15) 

[-0.08, 
0.67] 

t = -1 0.135 (0.08) [-0.06, 
0.33] 

0.156 
(0.11) 

[-0.13, 
0.44] 

0.124 
(0.11) 

[-0.16, 
0.41] 

t = 0 0.315 
(0.07)*** 

[0.14, 
0.49] 

0.421 
(0.1)*** 

[0.16, 
0.68] 

0.189 (0.1) [-0.07, 
0.45] 

t = 1 0.273 (0.1)* [0.03, 
0.52] 

0.251 
(0.12) 

[-0.07, 
0.57] 

0.213 
(0.18) 

[-0.26, 
0.68] 

t = 2 0.668 
(0.13)*** 

[0.34, 
0.99] 

0.587 
(0.17)** 

[0.14, 
1.03] 

0.947 
(0.31)** 

[0.16, 
1.74] 

 

 

  



eAppendix Table 4. Difference-in-Differences Results, 20% and 40% threshold cutoffs for 

high-ACO penetration markets 
 

Outcome: HIE Breadth  
Combined Model High ACO Penetration 

Markets  
Low ACO Penetration 
Markets  

ACO 
Participation 

ATT (se) 95% CI ATT (se) 95% CI ATT (se) 95% CI 

Overall ATT20 0.350 
(0.07)*** 

[0.22, 
0.48] 

0.385 
(0.08)*** 

[0.22, 
0.55] 

0.255 
(0.11)* 

[0.04, 
0.47] 

Overall ATT30 0.350 
(0.07)*** 

[0.22, 
0.48] 

0.413 
(0.09)*** 

[0.23, 
0.59] 

0.245 
(0.09)* 

[0.05, 
0.44] 

 Overall ATT40 0.334 
(0.06)*** 

[0.21, 
0.46] 

0.318 
(0.11)** 

[0.09, 
0.54] 

0.342 
(0.08)*** 

[0.18, 
0.51] 

  

Note: ATT20 denotes results from a model wherein HRRs with >=20% of Medicare discharges 

came from ACO-participant hospitals in 3 of 4 data-years were denoted as high-ACO penetration 

markets. ATT30 denotes results from our main specification (30% cutoff). ATT40 denotes results 

from a model wherein HRRs with >=40% of Medicare discharges came from ACO-participant 

hospitals in 3 of 4 data-years were denoted as high-ACO penetration markets.  



eAppendix Table 5. Two-Way Fixed Effects Regression Estimates 
 

Combined Model High Penetration 
Markets 

Low Penetration 
Markets  

Outcome: HIE Network 
Breadth 

Outcome: HIE Network 
Breadth 

Outcome: HIE Network 
Breadth  

unadjusted adjusted 
model 

unadjusted adjusted 
model 

unadjusted adjusted 
model 

ACO 
Participation 

0.3023* 
(0.0866) 

0.1916  
(0.0667) 

0.3203* 
(0.0671) 

0.2152* 
(0.0458) 

0.2731 
(0.1823) 

0.1536 
(0.1247) 

EHR Level (ref: 
less than basic) 

      

Basic EHR 
 

0.6481** 
(0.0680) 

 
0.6097* 
(0.1090) 

 
0.6862** 
(0.0683) 

Comprehensive 
EHR 

 
0.8906** 
(0.1292) 

 
0.7805* 
(0.1946) 

 
0.9997** 
(0.0897) 

Primary 
Inpatient EHR 
Vendor (ref: 
Cerner) 

      

Epic 
 

0.6096** 
(0.0564) 

 
0.7042** 
(0.1008) 

 
0.4922* 
(0.1207) 

McKesson 
 

0.2177 
(0.1016) 

 
0.0967 
(0.1518) 

 
0.3172 
(0.1777) 

Meditech 
 

-0.1662 
(0.0779) 

 
-0.2782. 
(0.1079) 

 
-0.0906 
(0.1246) 

Other Vendor 
 

-0.6574** 
(0.1055) 

 
-0.6513* 
(0.1840) 

 
-0.6720** 
(0.1096) 

RHIO 
Participation 
(ref: no) 

      

RHIO 
Participant 

 
0.6479*** 
(0.0448) 

 
0.6189*** 
(0.0462) 

 
0.6889** 
(0.0650) 

Bundled 
Payment 
Program (ref: 
no) 

 
0.0387 
(0.0746) 

 
0.0835 
(0.1324) 

 
-0.0360 
(0.0644) 

Medical Home 
Status (ref: no) 

 
0.0913 
(0.0392) 

 
0.0423 
(0.0619) 

 
0.1667 
(0.0581) 

Health System 
Member (ref: 
no) 

 
-0.0012 
(0.0518) 

 
-0.0575 
(0.0950) 

 
0.0853 
(0.0771) 

Market Share 
(beds) 

 
-0.0051 
(0.0079) 

 
-0.0299 
(0.0135) 

 
0.0127 
(0.0113) 

HRR 
Concentration 

      



(ref: not 
concentrated) 
Moderately 
Concentrated 

 
-0.1716 
(0.1256) 

 
-0.3051 
(0.2216) 

 
-0.0653 
(0.1590) 

Concentrated 
 

-0.2218 
(0.1803) 

 
-0.5290 
(0.5275) 

 
-0.0388 
(0.1575) 

High ACO 
Penetration 
HRR (ref: Low) 

 
0.9503 
(0.6597) 

    

Hospital FEs Yes Yes Yes Yes Yes Yes 
Year FEs Yes Yes Yes Yes Yes Yes 
Observations 16,336 16,336 8,444 8,444 7,892 7,892 
R2 0.58642 0.72157 0.6067 0.73267 0.55744 0.70686 
Within R2 0.00277 0.32864 0.00345 0.32265 0.00199 0.33894 

 

  



eAppendix Figure. Effect of ACO participation on HIE with different partner types, across 

markets 
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