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eAppendix. Additional Methods 
 
A. Linkage to American Medical Association (AMA) Group Practice File 

The linkage of NPIs to the AMA Masterfile and Group Practice File was conducted by 

Medical Marketing Services, Inc., based on a finder file we submitted containing all NPIs with 

any physician specialty that appeared in 2009 physician/supplier (carrier) claims for a national 

20% random sample of Medicare beneficiaries.  

For physicians in the AMA Physician Masterfile practicing in groups of 3 or more, the 

AMA Group Practice File identifies their practice site(s) and, if part of a larger group, the 

position of member practices in larger organizational structures (as satellites of parent groups, 

parents to smaller practices, or both).  For group practices identified as members of larger parent 

organizations, we used the highest level of organization to which they were connected (through 

up to 5 levels of satellite-parent relationships) for analyses.  For example, a practice site may be 

part of a multi-site group, which in turn might be a member of a larger physician organization.  

In that case, we focused only on the membership of linked NPIs to the larger physician 

organization.  Physician rosters and practice information in the Group Practice File are verified 

and updated every 9-12 months by the AMA Group Practice Unit via telephone and fax 

communications with practice managers and from provider group websites. 

Using the following procedure, we determined that the AMA Group Practice File 

identified provider groups for approximately 94% of primary care physicians (PCPs) in the 

AMA Masterfile who were treating Medicare beneficiaries in Massachusetts in 2009 and 

practicing in groups of 3 or more physicians.  From 2009 carrier claims for the national 20% 

sample of beneficiaries, we identified 128,658 PCPs nationally (Health Care Financing 

Administration (HCFA) provider specialty codes for general practice (01), family practice (08), 
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internal medicine (11), or geriatric medicine (38)) actively providing outpatient primary care 

services (Current Procedural Terminology (CPT) codes 99201-99215 or G0402) to at least 5 

Medicare beneficiaries, following the definitions of PCPs and outpatient primary care services 

used by the assignment rules for the Medicare Shared Savings Program (SSP) and Pioneer ACOs 

(Appendix Table 2). 

Of these PCPs, 96% were linked via their NPIs to the AMA Physician Masterfile.  We 

assumed PCPs without Group Practice File records who were billing primarily under tax 

identification numbers (TINs) associated with only 1 or 2 NPIs in carrier claims were not likely 

to be practicing in groups of 3 or more.  After excluding this group, 68% of PCPs in the AMA 

Masterfile were linked to the Group Practice File.  We improved this linkage rate to 90% by 

inferring group practice affiliations for PCPs not linked to the Group Practice File who shared 

TINs with PCPs who were linked to the Group Practice File.  Specifically, we defined each 

NPI’s primary office-based TIN as the TIN associated with the most allowed charges by that NPI 

for outpatient visits in carrier claims.  We then assigned each non-linked NPI to the parent group 

in the AMA Group Practice File to which other NPIs with the same primary office-based TIN 

were most frequently linked.  We similarly inferred group practice affiliations for nurse 

practitioners (NPs) and physician assistants (PAs) whose NPIs were not linked to the AMA 

Masterfile (because it only includes physicians) but who are recognized as providers in Medicare 

ACO assignment algorithms (HCFA provider specialty codes 50 and 97), as described below.  

For PCPs in Massachusetts, the linkage rate was 94%, higher than the 90% national linkage rate. 

Among medical and surgical specialists identified in carrier claims nationally, 91% were 

linked to the AMA Masterfile.  Of those likely practicing in groups of 3 or more, we determined 

AMA group practice affiliations for 81% in Massachusetts.  The lower linkage rate for 
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specialists than for PCPs in Massachusetts was of little consequence for our analysis because 

beneficiary assignment under the SSP rules is driven primarily by receipt of primary care from 

PCPs, as described below.  In addition, we would not expect some specialists (e.g., consulting 

proceduralists) to be identified by the Group Practice File or to contribute to beneficiary 

assignment, because of limited practice in office-based settings. 

B. Assigning Beneficiaries to Provider Groups 

Following the Medicare Shared Savings Program (SSP) rules,1 with slight modifications, 

we assigned each beneficiary who received at least 1 primary care service from a PCP to the 

provider group accounting for the most allowed charges among all provider groups for primary 

care services provided by PCPs, NPs, or PAs.  We then assigned the minority of beneficiaries 

who received no primary care services from a PCP, NP, or PA to provider groups accounting for 

the plurality of allowed charges for primary care services provided by specialists. 

In both the Medicare SSP and Pioneer rules, the definition of primary care services 

includes physician visits at nursing facilities (Appendix Table 2).  We excluded these services 

from the definition of primary care services when assigning beneficiaries to provider groups, 

because we previously found that the inclusion of physician visits at nursing facilities causes the 

assignment of over 25% of community-dwelling beneficiaries receiving post-acute care to shift 

away from the provider group providing primary care to the group providing post-acute care.2 

C. Adjustment for Elimination of Specialty Consultation Fees in 2010 

 Beginning in 2010, Medicare eliminated fees for the following evaluation and 

management (E&M) codes for specialty consultations: 99241-99245 (outpatient specialty 

consultations) and 99251-99255 (inpatient specialty consultations).3  In place of these codes, 

specialists can bill outpatient consultations as general office visits (99201-99205 for new 
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patients, 99211-99215 for established patients) and inpatient consultations as general hospital 

visits (99221-99223 for initial hospital visit, 99231-99233 for subsequent visits during the stay).  

Therefore, we classified outpatient specialty consultations as office visits and inpatient 

consultations as hospital visits to maintain a consistent categorization across study years.  We 

then applied a single standardized price for an office visit (equal to mean spending per visit in 

2009 across all office visits and outpatient consultations) to each office visit (including 

outpatient specialty consultations) in all study years, and applied a single standardize price for a 

hospital visit (equal to mean spending per visit in 2009 across all hospital visits and inpatient 

consultations) to each hospital visit (including inpatient specialty consultations) in all study 

years.  With these adjustments, the elimination of the specialty consultation fees would not 

induce an abrupt change in spending for E&M services. 

D. Model Specification 

For each dependent quarterly spending variable and annual quality indicator (Y) for 

beneficiary i in quarter or year t, we fit the following linear regression model: 

E(Yi,t)= β0 + β1Timet + β2AQC2009i,t + β3AQC2010i,t + β4AQCYear1i,t + β5AQCYear2i,t + 
β6Agei,t + β7Sexi + β8Race/ethnicityi + β9Medicaidi,t + β10ESRDi,t + β11Disabilityi + β12CCWi + 
β13ZCTAcharacteristicsi + β14Countyi,t 
 
where Time is a vector of quarter or year dummies from 2007-2010; AQC2009 indicates 

assignment of beneficiary i at time t to a provider organization that entered the AQC in 2009; 

AQC2010 indicates assignment of beneficiary i at time t to an organization that entered the AQC 

in 2010; AQCYear1 equals 1 in 2009 for beneficiaries assigned to organizations that entered the 

AQC in 2009, equals 1 in 2010 for beneficiaries assigned to organizations that entered the AQC 

in 2010, and equals zero otherwise; AQCYear2 equals 1 in 2010 for beneficiaries assigned to 

organizations that entered the AQC in 2009 and zero otherwise; Medicaid indicates receipt of 
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Medicaid benefits based on state buy-in indicators; ESRD is an indicator of end-stage renal 

disease at time t; Disability is an indicator of disability as the original reason for Medicare 

eligibility; CCW is a vector of 21 indicators of chronic conditions listed in Appendix Table 1 and 

6 indicators of multiple conditions (≥2 to ≥7); ZCTAcharacteristics include rates of poverty, 

having a high school degree, and having a college degree among elderly persons in beneficiary 

i’s zip code tabulation area; and County is a vector of county fixed effects.  Observations were 

weighted by propensity-score weights and standard errors adjusted for clustering as described in 

the Methods. 

Thus, β4 estimates the average effect of year 1 of exposure to the AQC on spending or 

quality for beneficiaries assigned to organizations entering in either 2009 or 2010, and β5 

estimates the effect of year 2 of exposure to the AQC for beneficiaries assigned to organizations 

entering in 2009.  To test for differences in spending trends between the intervention and control 

groups prior to the start of the AQC for the intervention group, we limited observations to 2007-

2008 for organizations entering in 2009 and to 2007-2009 for organizations entering in 2010 and 

for the control group, and estimated an interaction term between time (specified continuously) 

and an indicator of assignment to an organization entering the AQC in either 2009 or 2010.  To 

adjust for the minimal differences in trends that we found, we added this interaction term to 

analytic models. 

An alternate specification in which we specified dummy variables for each organization 

participating in the AQC in place of terms β2-β3 yielded nearly equivalent results.  We also 

conducted a sensitivity analysis to determine if any differences in the geographic distribution of 

beneficiaries served by organizations entering the AQC in 2009 and 2010 may have contributed 

to estimated savings in year 2 of exposure to the AQC, when the intervention group was limited 
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to organizations entering in 2009.  Specifically, we limited both propensity-score and difference-

in-differences models to beneficiaries assigned to organizations entering the AQC in 2009 or to 

the control group of non-participating providers (i.e., excluding beneficiaries assigned to 

organizations entering the AQC in 2010), thereby ensuring similar geographic distributions for 

the intervention and control groups in year 2 of exposure to the AQC.  Estimates of year 2 

savings were not appreciably altered by this restriction.  Finally we compared spending trends in 

2007-2008 between the control group and organizations entering the AQC in 2009.  As 

characterized by the summary test of trends we present for all AQC participants vs. the control 

group, these pre-intervention trends were also similar ($1 slower per quarter for organizations 

entering the AQC in 2009 relative to the control group; P=0.84). 

E. Adjustment for Size of Provider Groups 

 For each provider group defined by an AMA Group Practice File grouping of NPIs or by 

a TIN, we determined the number of assigned beneficiaries and the number of affiliated NPIs.  

Following previously described methods,4 we used the larger of the two organizational 

identifiers (i.e., AMA Group Practice groupings or TINs) to describe the size of each 

beneficiary’s assigned provider group.  We then added to propensity-score and analytic 

regression models both measures of the size of each beneficiary’s provider group. 
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eTable 1. Evaluation and Management (E&M) Service Codes Used to Assign Medicare 
Beneficiaries to Shared Savings Program and Pioneer Accountable Care Organizations 

 
Current Procedural Terminology Codes 
for E&M Physician Services 
 

Setting/Description of E&M Physician Services 

99201-99215 
 

Office or other outpatient services 

99304-99318 
 

Nursing facility services 

99324-99340 
 

Domiciliary, rest home, or custodial care services 

99341-99350 
 

Home services 

G0402, G0438, G0439* 
 

Wellness visits 

 

*Codes G0438 and G0439 were not in use in 2009 
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eTable 2. Chronic Conditions Among Medicare Beneficiaries Served by Organizations 
Participating in the AQC and Nonparticipating Providers 

Intervention group 
Beneficiaries 

assigned 
to organizations 

participating in the 
AQC 

(417,182 person-
years) 

 

Control group 
Beneficiaries 

assigned 
to non-participating 

providers 
(1,344,143 person-

years) 

 
 
 
 
 
Conditions from 
Chronic Condition 
Warehouse 
 

 2007-08  2009-10  2007-08  2009-10 

 
 
 

Differential change 
for intervention vs. 

control group 
(95% CI) 

Conditions present by 
baseline in 2007, %      
   Diabetes 29.3 27.8 29.2 27.9 -0.2 (-0.7, 0.3) 
   Ischemic heart 
disease 

47.7 44.4 47.3 44.8 -0.8 (-1.4, -0.2) 

   H/o myocardial 
infarction 

5.1 4.3 5.0 4.3 -0.1 (-0.3, 0.1) 

   Congestive heart 
failure 

24.9 21.5 24.8 21.5 -0.2 (-0.8, 0.4) 

   Atrial fibrillation 15.8 13.6 15.6 13.7 -0.3 (-0.7, 0.0) 
   Chronic kidney 
disease 

13.3 11.3 13.1 11.4 -0.3 (-0.6, 0.1) 

   H/o stroke or TIA 11.7 10.3 11.7 10.2 0.1 (-0.2, 0.3) 
   COPD 19.9 17.4 19.7 17.5 -0.2 (-0.6, 0.3) 
   Depression 22.9 20.9 22.7 21.0 -0.4 (-0.7, 0.0) 
   OA or RA 35.1 33.7 34.9 33.9 -0.4 (-0.9, 0.0) 
   Osteoporosis 35.2 34.1 34.9 34.4 -0.5 (-1.0, -0.1) 
   H/o hip fracture 2.8 2.3 2.9 2.2 0.1 (0.0, 0.2) 
   Dementia 10.0 7.7 10.1 7.5 0.3 (0.0, 0.5) 
   Alzheimer’s disease 4.0 2.8 4.0 2.8 0.1 (-0.2, 0.3) 
   Breast cancer 5.2 4.9 5.1 5.0 -0.2 (-0.4, 0.0) 
   Colorectal cancer 3.0 2.7 3.0 2.7 0.0 (-0.1, 0.1) 
   Prostate cancer 6.0 5.7 6.0 5.7 -0.0 (-0.2, 0.1) 
   Lung cancer 1.4 1.0 1.4 1.1 -0.1 (-0.3, 0.0) 
   Endometrial cancer 0.6 0.6 0.6 0.6 -0.0 (-0.1, 0.0) 
   Glaucoma 24.9 24.1 24.7 24.3 -0.3 (-0.7, 0.0) 
   Cataracts 
 

69.7 67.8 69.3 68.0 -0.6 (-1.1, -0.2) 
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eTable 2. Chronic Conditions Among Medicare Beneficiaries Served by Organizations 
Participating in the AQC and Nonparticipating Providers (continued) 

Intervention group 
Beneficiaries 

assigned 
to organizations 

participating in the 
AQC 

(417,182 person-
years) 

 

Control group 
Beneficiaries 

assigned 
to non-participating 

providers 
(1,344,143 person-

years) 

 
 
 
 
 
Conditions from 
Chronic Condition 
Warehouse 
 

 2007-08  2009-10  2007-08  2009-10 

 
 
 

Differential change 
for intervention vs. 

control group 
(95% CI) 

Conditions present by 
study year, % 

     

   Diabetes 30.6 33.4 30.4 33.5 -0.3 (-0.8, 0.2) 
   Ischemic heart 
disease 

49.7 53.1 48.9 52.6 -0.3 (-0.9, 0.3) 

   H/o myocardial 
infarction 

5.5 6.2 5.4 6.1 -0.0 (-0.3, 0.2) 

   Congestive heart 
failure 

26.7 29.2 26.3 28.9 -0.1 (-0.7, 0.6) 

   Atrial fibrillation 17.0 19.0 16.6 18.6 -0.0 (-0.4, 0.3) 
   Chronic kidney 
disease 

15.2 20.3 14.8 19.8 0.1 (-0.5, 0.7) 

   H/o stroke or TIA 12.6 14.5 12.5 14.3 0.1 (-0.2, 0.5) 
   COPD 21.2 23.2 20.8 22.5 0.3 (-0.1, 0.8) 
   Depression 24.5 27.8 24.0 27.6 -0.2 (-0.7, 0.3) 
   OA or RA 37.0 42.5 36.6 42.0 0.0 (-0.7, 0.7) 
   Osteoporosis 36.8 41.3 36.3 41.1 -0.3 (-0.9, 0.3) 
   H/o hip fracture 3.2 3.9 3.2 3.9 0.1 (-0.1, 0.2) 
   Dementia 11.3 13.6 11.3 13.6 -0.0 (-0.4, 0.4) 
   Alzheimer’s disease 4.7 5.6 4.7 5.9 -0.3 (-0.6, 0.0) 
   Breast cancer 5.5 6.0 5.3 6.0 -0.1 (-0.3, 0.1) 
   Colorectal cancer 3.2 3.5 3.2 3.4 0.1 (-0.1, 0.2) 
   Prostate cancer 6.3 6.9 6.3 6.8 0.1 (-0.1, 0.3) 
   Lung cancer 1.6 1.7 1.5 1.8 -0.2 (-0.3, 0.0) 
   Endometrial cancer 0.7 0.8 0.7 0.8 -0.0 (-0.1, 0.0) 
   Glaucoma 25.9 28.7 25.7 28.8 -0.4 (-0.8, 0.0) 
   Cataracts 72.2 78.6 71.5 78.1 -0.2 (-0.9, 0.6) 
 

TIA = transient ischemic attack; COPD = chronic obstructive pulmonary disease; OA = 
osteoarthritis; RA = rheumatoid arthritis 
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eFigure. Unadjusted Mean Annual Spending in Medicare Between AQC Participants and Nonparticipating Providers Before and After Participating 
Organizations Entered the AQC 

 
Unadjusted annual per-beneficiary spending means are plotted for organizations participating in the AQC (intervention group) and non-participating providers (control group) before and after participating organizations entered the AQC. 
The lack of adjustment for either propensity-score or regression methods means that the geographic distribution, sociodemographic characteristics, and clinical characteristics are not balanced between the intervention and control groups. 
Consequently, the spending difference between groups in the eFigure is wider than in the main Figure (in which spending means are propensity-score weighted) and the spending trends in the eFigure diverge during the pre-AQC entry 
period (in contrast to the parallel trends in the main Figure). Because of the divergent trends in unadjusted spending, unadjusted difference-in-difference comparisons would likely overestimate savings in the intervention group associated 
with the AQC. 

AQC participants enter the AQC 


