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T he Medicare Shared Savings Program (MSSP) is an alternative 

payment model (APM) to traditional Medicare fee-for-service 

(FFS) and incentivizes the provision of efficient and effective 

healthcare through various levels of risk sharing.1 To participate 

in the MSSP, healthcare providers and organizations voluntarily 

collaborate and enter into a contract to create an accountable 

care organization (ACO). The ACO’s providers become collectively 

responsible for the overall quality and cost of care for assigned 

Medicare FFS beneficiaries.

Beneficiaries are assigned to an ACO based on primary care utiliza-

tion of contracted providers.2,3 CMS specifies only 1 ACO eligibility 

requirement related to the composition of the contracted provider 

network. The ACO simply needs to include a sufficient number of 

primary care physicians to be assigned 5000 beneficiaries.1 This 

design latitude has led to the proliferation of uniquely organized 

and structured ACOs.4

Researchers have determined that ACO structural differences 

are influenced by external market forces.4,5 These differences have 

been categorized into measures of size of provider network, scope 

of services, breadth of provider type participation, proportion of 

primary care in network, leadership type, integrated delivery system 

membership, performance management strategies, and prior 

payment reform experience.4,6,7 Researchers have used structural and 

organizational measures to evaluate the cost and quality outcomes 

of ACOs, but these evaluations have yielded mixed results.7-9 

Although other studies have used proxies for breadth and size of 

contracts, comprehensiveness of ACO provider networks has not 

been examined. Comprehensiveness is the inclusion of a minimum 

number of primary care and specialty providers necessary to serve a 

population. A more comprehensive network could increase access, 

improve provider communication, and reduce external utilization. 

It potentially offers ACOs greater control of the attribution process.

The attribution process mediates the relationship between 

organizational structure and outcome performance. CMS uses a 

prospective attribution method with retrospective reconciliation 

to assign beneficiaries to ACOs in the Track 1 and Track 2 MSSP 

models.2 A beneficiary must receive a plurality of primary care 
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ABSTRACT

OBJECTIVES: The current Medicare Shared Savings 
Program (MSSP) accountable care organization (ACO) 
attribution methodology creates unpredictability for ACOs 
that are developing and deploying strategic initiatives aimed 
at improving value. The goal of this study is to determine 
if ACO network comprehensiveness is associated with the 
stability of assigned Medicare beneficiaries from 2013 to 2014.

STUDY DESIGN: We utilized a beneficiary-level logistic 
regression model to determine association of network 
comprehensiveness with stable attribution to an MSSP ACO.

METHODS: Using 2013 and 2014 Medicare fee-for-service 
beneficiary and provider files, we developed a measure 
of network comprehensiveness based on 2013 provider 
contracts, determined beneficiary attribution, and generated 
market-level measures. Additional population and quality 
measures were obtained from the US Census and the ACO 
Public Use File.

RESULTS: Of the 1,317,858 observed beneficiaries, 84.38% 
were attributed to the same ACO in 2013 and 2014, and mean 
(SD) ACO network comprehensiveness was 0.30 (0.20). We 
found that a 0.10 increase in network comprehensiveness 
score significantly increased the odds of remaining 
attributed to the same ACO by 4.5% (P = .001). Patient panel 
stability was significantly associated with improved diabetes 
(P = .01) and hypertension (P = .02) control, timely access to 
care (P = .001), and delivery of health education (P = .03) over 
the 2-year period.

CONCLUSIONS: The comprehensiveness of an MSSP ACO’s 
contracted provider network is associated with stable patient 
assignment year to year. Patient panel stability may aid in 
the longitudinal management of some conditions.

 Am J Manag Care. 2019;25(9):e267-e273

POLICY



e268  SEPTEMBER 2019 www.ajmc.com

POLICY

services from one of the contracted providers to be assigned to an 

ACO. This directly links the ACO’s network to the attribution process. 

ACO leadership receive preliminary panels during the performance 

year based on historic utilization. These panels are adjusted at the 

year’s end to reflect actual performance year utilization.10,11 The 

ACO’s cost and quality performance is calculated using this final list.

Organizations rely on complete and perfect information to 

make operational decisions that minimize risk.12-15 The retrospec-

tive reconciliation process introduces large uncertainty about 

the beneficiaries for whom an ACO is responsible. ACOs want to 

optimize the investment of organizational resources to improve 

population health and achieve MSSP goals.16 However, it is difficult 

to maximize performance without knowing the target that one 

needs to reach. The uncertainty produced 

by MSSP attribution can potentially affect an 

ACO’s proactive development and deployment 

of strategic interventions and initiatives aimed 

at improving value.10,11

Furthermore, the implementation of strategic 

and targeted population health initiatives 

often does not result in immediate and lasting 

changes. It can take years to modify utilization 

patterns, curve costs, and improve condition 

management—tenets central to the MSSP. This 

adds another important dimension to the MSSP 

attribution process: patient panel stability 

over time. When an attributed population 

remains stable year to year, the ACO has greater 

opportunity to enact interventions and witness 

returns on investment.17,18 Research has shown 

that ACO patient panel stability is moderately 

associated with better ACO performance.18,19

It is critical to evaluate supply-side response 

and perceptions to understand program impacts 

and to identify effective strategies and best 

practices. In this study, we expand on prior 

ACO organizational literature by exploring 

the mediating relationship of the attribution 

process. Specifically, we analyze if ACO patient 

panel stability from 2013 to 2014 is a result of 

provider network comprehensiveness in 2013. 

We then determine if patient panel stability 

is associated with changes in patient and 

caregiver experience performance and select 

quality metrics.

METHODS
Conceptual Framework

We created a conceptual framework to detail 

the relationship between the ACO’s provider 

network and shared savings (Figure 1). The 

direct relationship illustrates that the ACO’s provider network 

achieves shared savings through changes to utilization. We 

hypothesized that the attribution process has a mediating effect 

on performance. We were particularly interested in the effects of 

the comprehensiveness of the ACO’s provider network, which we 

defined as the necessary number of providers in each specialty to 

provide sufficient access and care to a patient panel, on attribution. 

Comprehensive networks would increase the availability and 

accessibility of various provider types within the ACO, reducing 

the need to receive care outside of the ACO’s contracted providers. 

We hypothesized that the more complete the network, the more 

likely a beneficiary would be to remain attributed to an ACO from 

year to year. We referred to this as patient panel stability.

TAKEAWAY POINTS

This study provides initial insights into accountable care organization (ACO) structural impact 
on attribution over time.

 › With all new payment models, it is critical to know how providers respond so that iterative 
improvements can be made to achieve cost and quality objectives.

 › Patient panel stability was associated with improved diabetes and hypertension control, 
validating the ACO model’s ability to affect patient outcomes.

 › By constructing a provider network that mitigates the effect of the attribution process, the 
ACO can position itself for better performance on select quality measures.

FIGURE 1. Conceptual Framework

ACO indicates accountable care organization; HSA, hospital service area.
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We included organizational structure, market, and patient 

demographic/care-seeking behavior factors that could influence 

the attribution process as covariates.

Data and Analysis

We used complete 2013 Medicare FFS beneficiary and provider files 

and partial 2014 Medicare FFS beneficiary and provider files for those 

beneficiaries with Medicare Part D from CMS. We first compared final 

attribution in both years to determine if the beneficiary remained 

in the same ACO, which was our primary dependent variable.

Next, we created the network comprehensiveness measure using 

the Medicare Advantage (MA) minimum number requirement for 

network adequacy.20 We selected this measure due to its application in 

Medicare, its overall acceptability, and our available data. We modified 

the included specialties to better reflect MSSP objectives and CMS’ 

attribution methodology.21 We included primary care providers (PCPs; 

general practice, family medicine, internal medicine, and geriatric) 

and all provider types delivering more than 1% of evaluation and 

management (E&M) visits to beneficiaries without a visit to a PCP. This 

resulted in the inclusion of 20 provider specialties listed in Table 1.

We used the 2013 Medicare MSSP provider file to count the 

number of contracted providers by specialty for each of the 2013 

MSSP ACOs. Based on 2013 attribution, we used the MA Health 

Services Delivery table and the beneficiaries’ state-county codes 

to average the minimum number of providers per 1000 necessary 

for network adequacy in the ACO’s service region.20 We adjusted 

the minimum number of providers needed by specialty category 

to account for the size of an ACO’s attributed beneficiary panel.22 

We then created proportions of the number of contracted providers 

over the minimum number of providers needed in each specialty. 

We capped the proportions at 1 and weighted each specialty to 

capture its magnitude. The weights were calculated from the 

proportion of minimum providers required in each specialty to 

the total minimum number of all providers required in the ACO. 

We added the 20 weighted proportions together to create a score 

of network comprehensiveness in 2013.

In addition to network comprehensiveness, we controlled for 

other variables included in the conceptual framework. We adjusted 

for ACO contract changes by creating a proportion of providers 

remaining within the ACO contract from 2013 to 2014 using the 

Medicare MSSP provider files. At the market level, we included a 

measure of an ACO’s footprint, defined as the proportion of providers 

delivering E&M services within a hospital service area (HSA) who are 

contracted with the ACO. We also generated a Herfindahl-Hirschman 

Index (HHI) measure of all Medicare FFS E&M providers at the HSA 

level to account for variation in market concentration among ACOs.

To adjust for complexity of care in attributed beneficiary popula-

tions, we included age and number of chronic conditions as defined 

by the Chronic Conditions Warehouse. We included number of 

E&M events and number of emergency department visits from the 

TABLE 1. ACO Network Comprehensiveness Score by Provider Category Based on Medicare Advantage Definition (N = 220)

Provider Specialty Code
Capped 

Score Mean 
Specialty 

Weight Mean
Weighted 

Score Mean
ACOs With No Contracted 
Providers in Specialty (n)

ACOs Contracted With Minimum 
Providers in Specialty (n)

Primary care S03 0.632 0.294 0.186 1 77

Gynecology, OB/GYN 16 0.530 0.024 0.013 57 83

Cardiology 8 0.347 0.058 0.020 52 33

General surgery 15 0.230 0.060 0.013 66 13

Psychiatry 29 0.226 0.037 0.009 95 17

Pulmonology 30 0.213 0.036 0.008 73 9

Gastroenterology 14 0.211 0.035 0.007 72 8

Neurology 19 0.210 0.035 0.010 80 10

Orthopedic surgery 25 0.208 0.047 0.004 93 11

Endocrinology 12 0.166 0.024 0.004 94 4

Nephrology 18 0.162 0.030 0.005 92 5

ENT/otolaryngology 13 0.158 0.026 0.004 107 6

Urology 32 0.145 0.035 0.005 110 4

Physiatry, rehabilitative medicine 26 0.131 0.024 0.003 115 5

Ophthalmology 23 0.102 0.053 0.005 113 3

Rheumatology 31 0.102 0.027 0.003 100 0

Podiatry 28 0.100 0.023 0.005 83 3

Vascular surgery 34 0.098 0.040 0.002 127 1

Dermatology 11 0.078 0.045 0.003 119 1

Oncology (medical, surgical) 21 0.054 0.045 0.002 134 1

Total 0.296 

ACO indicates accountable care organization; ENT, ear, nose, and throat; OB/GYN, obstetrics/gynecology.
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beneficiary summary file and applied CMS’ attribution methodology 

to determine if the beneficiary had the same attributing provider 

year to year to capture utilization patterns. Next, we included a 

series of patient population demographic variables, such as race, sex, 

and being disabled and/or having end-stage renal disease. We also 

used the Zip Code Tabulation Area–level demographic variables of 

percentage of individuals with a college degree, percentage living 

in a rural area, and median income to account for differences in 

care-seeking behavior.23-25 After creating these variables, we dropped 

6 of the 220 ACOs that did not continue into 2014.

Because of our restricted sample in 2014, we wanted to adjust 

for any population-level differences between Part D and all other 

Medicare FFS beneficiaries. The Part D beneficiaries were slightly 

younger and had a greater number of chronic conditions than 

those without that benefit. We ran a 2-part model to estimate the 

probability of inclusion in our analysis. We included the predicted 

probability in a beneficiary-level logistic regression to determine 

the impact of network comprehensiveness on attribution to the 

same MSSP ACO in 2013 and 2014.

Finally, using 2013 and 2014 CMS ACO Public Use Files, we 

obtained information on each ACO’s quality performance for 

6 selected measures that we believe are sensitive to ACO network 

composition and population management over time. We merged 

the performance results with an ACO-level file for a subanalysis. We 

ran generalized estimating equations (GEEs) for normal distribution 

models of ACO quality performance measures, including patient/

caregiver experience measures (ACO 1, 4, and 5) and population 

health management performance (ACO 21, 27, and 28) in 2013 and 

2014 to determine within-ACO change.22,26 We selected GEEs to allow 

for correlation in performance over time by ACO and to provide a 

population-averaged effect. We included the ACOs’ patient panel 

stability percentage as a key explanatory variable.

All analyses were conducted using SAS 9.4 (SAS Institute; Cary, 

North Carolina) and Stata 14.1 (StataCorp LP; College Station, Texas). 

RESULTS
Among all 220 ACOs in 2013, the average network comprehensiveness 

score was 0.30 (median = 0.25), and there was substantial variation 

(SD = 0.20). The most comprehensive network had a score of 0.90. 

ACOs were most sufficiently contracted with PCPs, averaging 0.63 

of the minimum providers necessary. Gynecology had the second 

highest score and was the only other specialty with a capped score 

higher than 0.5 (mean = 0.53). Three specialties (vascular surgery, 

dermatology, and oncology [medical, surgical]) averaged less than 

0.10 of the contracted providers necessary to be considered adequate. 

The primary care category carried the largest weight in the network 

comprehensiveness score (weight = 0.29). Table 1 includes the 

results for all 20 specialties.

There were 2,645,025 beneficiaries attributed to the included 

214 ACOs in 2013. We matched 1,317,858 of these beneficiaries to 

our sample of 2014 Medicare beneficiaries with Part D coverage. A 

majority (84.38%) of these beneficiaries remained attributed to the 

same ACO between 2013 and 2014. Structurally, the ACO’s provider 

network was also relatively consistent, with an average of 84.06% 

(median = 89.06%) of providers remaining contracted to the same 

ACO. The ACOs were operating in markets with low concentrations 

(HHI <1500) and contracted with an average of 9.38% of the E&M 

providers in the HSAs served (median = 6.80%). Beneficiaries were 

aged an average of 71.42 years, and the majority were white (84.93%) 

and female (59.96%) (Table 2). 

Using the logistic regression, displayed in Table 3, we found that 

after controlling for market influences, patient demographic/care-

seeking behavior, and other organizational factors, a 0.10 increase in 

the network comprehensiveness score was associated with a 4.5% 

increase in the odds of a beneficiary remaining attributed to an ACO 

(P <.001). The percentage of providers remaining contracted to the 

ACO was also associated with greater odds of attribution stability 

(odds ratio [OR], 1.02; P <.001). From a market perspective, a 1% 

increase of providers contracted to an ACO within a Dartmouth 

Atlas–defined HSA increased the odds of maintaining an attributed 

patient from 2013 to 2014 by 2.0% (P <.001). Related to care-seeking 

behavior, greater numbers of E&M visits (OR, 0.99; P <.001) and 

hospital emergency department visits (OR, 0.98; P <.001) and being 

disabled or having end-stage renal disease (OR, 0.92; P <.001) were 

associated with lower odds of being attributed to the same ACO year 

to year. A beneficiary receiving a majority of their E&M services from 

the same provider in both years, captured by the same attributing 

provider covariate, increased the odds of remaining attributed to the 

same ACO by 5.99 times. This was significant even after adjusting 

for ACO consistency in provider contracts (P <.001).

To determine the association with quality, we ran 6 separate GEEs for 

normal distribution models. For patient/caregiver experience measures, 

patient panel stability was positively associated with the receipt of 

timely care, appointments, and information (β = 0.06; P = .01) and 

the provision of health promotion and education (β = 0.04; P = .03). 

The measure was not significantly associated with ACO performance 

related to access to specialists. For the population health management 

measures, we found that patient panel stability was significantly 

associated with decreases in the percentage of beneficiaries with 

glycated hemoglobin values indicating poor control (β = –0.115; P = .01) 

and with increases in the percentage of blood pressure readings 

under 140/90 mm Hg among patients with hypertension (β = 0.10; 

P = .02) (Figure 2; full results in eAppendix [available at ajmc.com]). 

The measure of network comprehensiveness was also significantly 

associated with better diabetes control (β = –7.92; P = .01). Patient 

panel stability was not associated with blood pressure screenings.

DISCUSSION
This study provides initial insights into ACO structural impact on 

attribution over time. We hypothesized that the current retrospec-

tive nature of the Track 1 and Track 2 MSSP ACO attribution process 

introduces many potentially mediating factors that influence the 
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stability of patient panels. Stable patient panels 

may allow clinicians to efficiently and effectively 

build and target programs to achieve cost and 

quality benchmarks. We found that several 

structural and market influences increased 

the likelihood of a beneficiary staying with an 

ACO in 2013 and 2014. In particular, the more 

comprehensive the ACO provider network 

in 2013, the greater the odds of patient panel 

stability in 2014. We also found that patient 

panel stability is associated with several positive 

quality outcomes.

ACOs operate in HSA markets with low 

concentrations (HHI <1500), meaning that 

most beneficiaries have the choice of many 

E&M providers.27 If an attributed beneficiary 

sees an external provider, the ACO may not be 

able to coordinate care plans across providers 

or reduce unnecessary testing and imaging. 

Visits to noncontracted providers can affect 

attribution to the ACO, as well as cost and 

quality performance. By improving network 

comprehensiveness, ACOs increase the acces-

sibility and availability of contracted providers. 

It can limit the need to seek care outside of the 

ACO’s network and reduces the threat of panel 

instability. Similarly, contracting with a greater 

number of providers within an HSA enlarges the 

ACO’s footprint, increasing odds of a beneficiary 

remaining attributed to an ACO year over year. 

This could be due to the reduced potential for 

leakage. Our results indicate that ACO leadership 

can better maintain and anticipate attributed 

patient panels by strategically structuring the 

organization’s provider network.

The quality models showed positive associa-

tions between certain disease management 

measures and patient panel stability. Specifically, 

patient panel stability was associated with 

improved diabetes and hypertension control. Our findings validate 

the conceptualization of the ACO model and its ability to affect 

longitudinal patient-level outcomes. Although the results are 

promising, we are unable to determine specific provider behaviors 

that are responsible for the improvements or explain why patient 

panel stability is associated with improvements only in certain 

measures. Qualitative studies should continue to be conducted to 

understand the impact of ACO care coordination, disease manage-

ment, and provider–beneficiary relationship on measures over time.

Limitations

The cross-sectional nature of this study limited our ability to under-

stand the impact of organizational network comprehensiveness 

and other important covariates on patient panel stability over 

multiple years. Relatedly, because we were using administrative 

claims, we were restricted in our ability to control for management 

structure, use of care coordination and case management, and 

hospital-associated or provider-led status.7,28,29 We also recognize 

the potential for endogeneity between attribution to the same 

provider and the outcome variable. We decided to include attribution 

to the same provider, capturing consistency of provider–patient 

relationships, as an important measure of care-seeking behavior. 

We were limited by the data available to us for this study. We had 

complete demographic and claims information only for Part D 

beneficiaries in 2014. Although we tried to control for differences, 

the findings may not be generalizable to the full Medicare FFS 

TABLE 2. Descriptive Data of Beneficiary-Level Variablesa

Covariate Mean SD Median

IQR

25th 
Percentile

75th 
Percentile

Remained in same ACO from 2013 to 
2014 among observed beneficiaries, %

84.38

Organizational Structure

Network comprehensiveness  
(score, 0-1)

0.30 0.20 0.25 0.13 0.41

Providers contracted with the 
beneficiary’s ACO in 2013 and 2014, %

84.06 16.17 89.06 82.05 91.82

Market Influences

HSA Herfindahl-Hirschman 
Index measure 

604.77 389.40 505.75 330.36 753.14

Providers contracted with the ACO 
within a beneficiary’s HSA, %

9.38 8.96 6.80 2.52 13.24

Patient Care-Seeking Behavior

Age in years 71.42 12.19 72 66 79

Female, % 59.96

White, % 84.93

Disabled or end-stage renal disease, % 16.01

Total CCW-identified conditions, count 3.89 2.60 4 2 5

E&M events, count 6.42 16.01 2 0 6

Hospital ED visits, count 0.45 1.39 0 0 0

Rural, % 20.13 31.57 2.78 0.00 27.28

College, % 30.46 16.17 27.10 17.70 40.10

Median household income, $ 59,480 24,366 53,794 42,247 71,526

Attributed to the same provider in 2013 
and 2014, %

49.89

ACO indicates accountable care organization; CCW, Chronic Conditions Warehouse; E&M, evaluation 
and management; ED, emergency department; HSA, hospital service area; IQR, interquartile range.
aAnalysis is at the beneficiary level (n = 1,317,858). Included are some ACO-level variables: network 
comprehensiveness calculated using the Medicare Advantage Minimum Number definition; providers 
contracted with ACO in 2013 and 2014 calculated from the ACO provider file; and HSA Herfindahl-
Hirschman Index measure and percentage of providers contracted within an HSA calculated using the 
Dartmouth Atlas definition of HSAs and Medicare ACO provider and claims files. The percentages of 
beneficiaries who were female, white, and disabled and/or had end-stage renal disease were based on 
Medicare enrollment data on attributed beneficiaries. Numbers of E&M visits and hospital ED visits 
were extracted from the Medicare summary file. The numbers of CCW-identified conditions were cal-
culated from the CCW file. Median household income, percentage with a college degree, and percent-
age rural were measured at the beneficiary zip code–level and are from the Census Bureau. Attribution 
to the same provider was determined applying CMS’ methodology to Medicare claims.
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population. Our design also excluded from 

this analysis those initiating care or aging 

into Medicare in 2014.

Finally, we chose to utilize a MA specifica-

tion for network adequacy in our measure 

development. We selected this definition for 

our measure of network comprehensiveness 

because it is a widely accepted measure for the 

Medicare population and it allowed us to capture 

a wide scope of provider specialties. The use of 

time and distance from beneficiary to provider 

was not feasible in this study based on available 

data. Although we selectively chose provider 

types and weighted values to stratify specialty 

importance, selected provider types and the 

overall definition may not be appropriate for 

ACOs. The network adequacy specifications 

ensure access to care for members, and ACOs 

are not able to restrict access in the same way as 

those plans do. Still, this provides a benchmark 

for the Medicare population that can be used to 

understand ACO network comprehensiveness 

and how it is associated with patient attribution 

and performance. 

CONCLUSIONS
As implementation of the Medicare Access and 

CHIP Reauthorization Act of 2015 continues, CMS 

will be providing bonus payments for Medicare 

provider participation in APMs like the MSSP 

ACO model. CMS hopes to have a majority of 

providers participating in advanced APMs in the 

near future, which requires downside risk. The 

push to participate in APMs and the escalating 

risk associated with participation will exert 

pressure on providers to plan, structure, and 

implement the models and programs in the 

strongest manner possible. It is critical to know 

how the supply side perceives and responds to 

incentives so that adjustments can be made to 

improve overall program performance. 

This study contributes to the existing 

literature and informs future decision making. 

Our findings are important because they can 

empower ACOs to compose a provider network 

that mitigates the effect of the attribution 

process, positioning the ACO for better perfor-

mance on select quality measures. Researchers 

will need to continue to explore organizational 

influences on ACO performance to identify and 

spread best practices. n

TABLE 3. Logistic Regression Model (dependent variable: remained in same ACO; n = 1,317,858)a

Odds Ratio 95% CI

Network comprehensiveness 1.45* 1.40-1.49

Providers remaining in ACO contract from 2013 to 2014, % 1.02* 1.02-1.02

HSA Herfindahl-Hirschman Index measure 0.07* 0.06-0.09

Providers contracted with ACO within HSA, % 1.02* 1.02-1.02

Age in years 0.98* 0.98-0.98

Female 1.27* 1.23-1.30

White 0.99 0.97-1.02

Disabled and/or end-stage renal disease 0.92* 0.89-0.95

Category of CCW-identified conditions

Medium (3-4 conditions) 1.32* 1.30-1.35

High (≥5 conditions) 1.28* 1.25-1.32

E&M events, count 0.99* 0.99-0.99

Hospital ED visits, count 0.98* 0.98-0.99

Rural, % 1.27* 1.24-1.29

College degree or higher, % 1.01* 1.01-1.01

Median household income, $ 1.00 1.00-1.00

Had the same attributing provider in 2013 and 2014 5.98* 5.91-6.07

Probability of inclusion in sample 0.03* 0.01-0.04

Constant 5.92* 4.34-8.08

ACO indicates accountable care organization; CCW, Chronic Conditions Warehouse; E&M, evaluation 
and management; ED, emergency department; HSA, hospital service area.

*P <.001.
aSee Table 1 for a description of each variable.

FIGURE 2. GEE Models for Normal Distributions of ACO Quality Performance Measures 
(n = 214)

ACO indicates accountable care organization; GEE, generalized estimating equation.
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eAppendix. GEE Models for Normal Distributions of ACO Quality Performance Measures 

(n=214) 

Dependent 
Variables 

Patient/Caregiver Experience Measures Population Management Quality 
Measures 

Getting 
Timely Care, 

Appointments, 
and 

Information 
(ACO 1) 

Access to 
Specialists 
(ACO 4) 

Health 
Promotion 

and 
Education 
(ACO 5) 

Proportion 
with blood 
pressure 
screened 
in past 2 

years 
(ACO 21) 

Percent with 
diabetes 
whose 

HbA1c in 
poor control 

(ACO 27) 

Percent with 
hypertension 
whose blood 
pressure < 

140/90 
(ACO 28) 

Year -.0.956*** -1.234*** 0.380 -12.984*** -5.332*** 1.720* 
Patient Panel 
Stability (%) 

0.060** 0.011 0.039* -0.188 -0.115** 0.100* 

Network 
Comprehensiveness 

-0.036 -0.726 0.585 -14.307 -7.921** 4.455 

Providers 
remaining in the 
ACO contract from 
2013 to 2014 (%) 

-0.010 -0.007 -0.009 -0.022 -0.006 -0.032 

HSA Herfindahl-
Hirschman Index 

19.25* -9.845 22.19* 5.601 -5.368 48.417* 

Providers 
contracted with 
ACO within HSA 
(%) 

0.068* 0.008 -0.013 -0.059 -0.120 0.102 

Female (%) 0.281*** 0.088 0.2234** -0.561 -0.226 -0.224 
White (%) 0.098*** 0.061*** 0.062*** -0.059 -0.141*** 0.087** 
Disabled or End 
Stage Renal 
Disease (%) 

-0.034 0.048 0.119* -0.328 -0.045 0.024 

CCW Conditions 
(#) 

-0.807 -0.471 1.00 6.687* -0.244 2.127 

E&M Events (#) 0.664*** 0.287*** 0.2674* -0.375 0.356 -0.001 
Hospital ER Visits 
(#) 

-1.318 -1.821 -3.215 25.213 18.321*** -10.162258 

Rural (%) 0.037** 0.010 -0.025 -0.025 -0.033 -0.058 
College degree or 
higher (%) 

0.060 -0.043 0.153*** 0.371 -0.243* 0.090 

Median household 
income ($) 

-0.000 0.000 -0.000** -0.000 0.000 -0.000 

 

See Table 1 for a description of each variable.  Analysis is at the ACO-level (n=214).  Age was 

omitted for collinearity with Disabled and/or End Stage Renal Disease.  The variable of the same 



attributing provider in 2013 and 2014 was also omitted due to difficulty of interpretation.  The 

omission had minimal effect on the coefficients of other variables.  

* P <0.05 

**  P <0.01 

*** P<0.001 
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