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Executive Summary 
In 2015, the Agency for Healthcare Research and Quality (AHRQ) created the Comparative 
Health System Performance (CHSP) Initiative to study how healthcare systems promote 
evidence-based practices in delivering care. As part of the CHSP Initiative, AHRQ and 
Mathematica (the initiative’s Coordinating Center) developed a number of publicly available 
data resources for researchers, policymakers, and other stakeholders who want to understand 
how health systems can improve the value of healthcare.  

To date, CHSP data resources include: 

• The 2016 and 2018 Compendium of U.S. Health Systems (lists of health systems in the 
United States, 626 systems in 2016 and 637 in 2018, referred to as the Compendium in 
this document) and 

• System-hospital linkage files in 2016 and 2018 that link hospitals to the health systems 
(referred to as the hospital linkage files in this document).i  

These resources reside on AHRQ’s website and are being updated over the course of the 
initiative with additional resources to support research on health systems. 

In October 2019, AHRQ added a 2016 physician group practice linkage file, which links group 
practices to their 2016 systems based on information in the data sources that indicate ownership 
or tight management relationships. Similar to the purpose of the hospital linkage file, the group 
practice linkage file enables users to link 2016 data on group practices to the 626 health systems 
in the 2016 Compendium and other data sources.ii The group practice linkage file includes group 
practices both in systems and not in systems.iii  

In December 2020, AHRQ added a 2018 physician group practice linkage file, which links group 
practices to their 2018 systems. The group practice linkage file enables users to link the 2018 
data on group practices to the 637 health systems in the 2018 Compendium and other data 
sources. This document describes the methodology and approach used to develop the 2018 group 
practice linkage file.  

  

 
i The Compendium files identify health systems with at least one hospital and at least one group of physicians that 
provides comprehensive care (including primary and specialty care) who are connected with each other and with the 
hospital through common ownership or joint management. 
ii The technical documentation for the 2016 hospital linkage file can be found at 
https://www.ahrq.gov/sites/default/files/wysiwyg/chsp/compendium/chsp_linkage_file_tech_doc.pdf. The technical 
documentation for the 2018 hospital linkage file can be found at https://www.ahrq.gov/sites/default/files/wysiwyg/ 
chsp/compendium/2018-hospital-linkage-techdoc.pdf. 
iii The technical documentation for the 2016 group practice linkage file can be found at https://www.ahrq.gov/sites/ 
default/files/wysiwyg/chsp/compendium/chsp-tin-linkage-file-tech-doc.pdf. 

https://www.ahrq.gov/sites/default/files/wysiwyg/chsp/compendium/chsp_linkage_file_tech_doc.pdf
https://www.ahrq.gov/sites/default/files/wysiwyg/%20chsp/compendium/2018-hospital-linkage-techdoc.pdf
https://www.ahrq.gov/sites/default/files/wysiwyg/%20chsp/compendium/2018-hospital-linkage-techdoc.pdf
https://www.ahrq.gov/sites/%20default/files/wysiwyg/chsp/compendium/chsp-tin-linkage-file-tech-doc.pdf
https://www.ahrq.gov/sites/%20default/files/wysiwyg/chsp/compendium/chsp-tin-linkage-file-tech-doc.pdf
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A. Methodology 
To identify the set of physician group practices (and their physicians) to be considered for 
linkages to the 2018 Compendium of U.S. Health Systems, we created a version of the 2018 
Medicare Data on Provider Practice and Specialty (MD-PPAS). The 2018 MD-PPAS data were 
not available when we developed the 2018 group practice linkage file. Thus, we used Medicare 
Part B claims and Medicare Provider Enrollment, Chain, and Ownership System (PECOS) data 
and version 2.3 of the MD-PPAS specifications to construct the file. The file contains records for 
all providers with a valid National Provider Identifier (NPI) that submitted a Medicare fee-for-
service Part B noninstitutional claim with a positive allowed amount in 2018. When we refer to 
the MD-PPAS file in this report, we are referring to the constructed version of the MD-PPAS file 
based on version 2.3 (constructed MD-PPAS v2.3). 

We used 2018 Medicare Advantage data to create a file of NPIs linked to Tax Identification 
Numbers (TINs) billing Medicare Advantage but not Medicare Part B. We used this file to 
supplement the fee-for-service MD-PPAS file discussed above.  

We restricted the set of group practices to those with two or more physicians (medical doctors or 
doctors of osteopathy, identified by their NPIs), which excluded 78,111 single-physician 
practices.iv These physician group practices give us the set of group practices and their physicians 
to be considered for linkages to systems: 39,103 group practices with 585,012 physicians.  

The group practice linkage file links TINs to health systems. TINs are entities that physicians 
assign their rights to for submitting Medicare claims and collecting payment for services. We 
follow the Centers for Medicare & Medicaid Services (CMS) in referring to TINs as group 
practices, and we use these terms interchangeably in this document. 

We identified four approaches to link group practices to candidate health systems and then 
combined the information gleaned from the approaches to assign the final linkages of group 
practices to systems. The four approaches are: 

1. CMS Certification Number (CCN) approach: We used shared TIN information in the 
2018 PECOS to link group practices to hospital CCNs and then used the 2018 hospital 
linkage file to link the group practices to systems. Using the PECOS data, we determined 
whether the group practice TIN was shared with a hospital TIN and then identified the 
CCN associated with that hospital. We assumed that TINs shared by a group practice and 
hospital indicated common ownership by the same business entity. 
 
Because we know from the hospital linkage file whether CCNs are linked to systems, we 
linked the CCNs from the PECOS data to the hospital linkage file. This linkage tells us 
whether the group practices linked to CCNs are in systems, and for the group practices in 
a system, it tells us the system’s name and Compendium ID.  

 
iv We also excluded TINs without a TIN name in either the constructed MD-PPAS v2.3 file or PECOS, which 
excluded 76 TINs with 1,645 physicians from the linkage file. Because we cannot report the actual TIN in the public 
version of the linkage file, TIN name is critical information for users to be able to identify the TIN.  
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2. Hospital-based billing approach: In this approach, we combined billing information in 
2018 Medicare claims data on the settings where physicians provided services (using 
place of service codes) with information in the hospital linkage file to link group 
practices to systems. If physicians billing under the same group practice reported that 
most of their hospital-based services occurred in a facility linked to a specific hospital, 
we concluded that the group practice had a strong affiliation with the hospital.v 
Furthermore, if the hospital was owned by a health system in 2018, we concluded that the 
group practice strongly affiliated with the hospital shared the hospital’s affiliation with 
the system.  
 
Studies of physician-hospital integration have used similar approaches to link physicians 
to hospitals; for example, by identifying a physician as financially integrated with a 
hospital if they billed a substantial percentage of outpatient services in a hospital 
outpatient department (HOPD).1,2 

We applied two versions of this approach to link group practices to systems:  

• One that used a group practice’s 2018 billings for Medicare beneficiaries 
occurring at the HOPD settings only and  

• One that used such billings at all hospital-based settings, including inpatient 
facilities, emergency departments, and HOPDs.  

If most of a group practice’s 2018 billings at HOPDs occurred at a specific HOPD linked 
to a system, we linked the practice to that system. However, basing system assignment on 
billing through HOPDs may not be informative for physician specialties that provide 
most of their services at HOPDs regardless of whether they share the system affiliation 
with the hospitals (for example, anesthesiologists and pathologists). Therefore, we only 
applied the HOPD criteria described above for group practices in which most physicians 
are not hospital-based specialties.  

In the second version of the approach, we linked group practices with a majority of 
physicians in hospital-based specialties (for example, anesthesiologists and pathologists) 
to systems based on 2018 billings at all hospital-based settings (inpatient facilities, 
emergency departments, and HOPDs). If such a group practice reported that most 2018 
billings at hospital-based settings occurred at specific hospitals linked to a system, we 
linked the practice to that system.  

 
v Because the file we created to take the place of the 2018 MD-PPAS data was not available when we conducted the 
hospital-based billing analysis, we used the 2017 MD-PPAS data to identify the set of physicians billing under the 
same group practice. Thus, the physicians included in the variables that indicate the extent of a group practice’s 
hospital-based billing are based on 2017 NPI-TIN connections. Year-to-year changes in physicians linked to group 
practices are likely not sufficiently large for the use of 2017 data for this purpose to substantially affect linkages of 
group practices to systems, particularly because we require linkages to systems through multiple approaches to 
accept the linkages (discussed in detail in section III.B). 
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By including the two versions of this approach, we make two novel contributions to the 
group practice linkage file: (1) it helps avoid incorrect linkages of hospital-based 
specialty practices based on the HOPD criteria, and (2) it identifies linkages of hospital-
based specialty group practices that are part of systems that would be missed if we did 
not consider linkages based on billing through all hospital-based settings.  

3. Organizational NPI (Org-NPI) approach: We used linkages in the 2018 PECOS data 
between group practices and Org-NPIs combined with information in the 2018 OneKey 
database from IQVIA to help link group practices to candidate systems.vi The OneKey 
data include direct linkages between entities referred to as medical groups in the data 
(many of which have Org-NPIs) to their health system owners.vii Because the PECOS 
data link group practices to Org-NPIs, and the OneKey data link medical groups with 
Org-NPIs to systems, we were able to merge the two data sources by Org-NPI.  
 
We then linked group practices to candidate systems through this Org-NPI link. That is, if 
a group practice linked to a OneKey medical group through their Org-NPI and the 
OneKey medical group was in a system, we linked the group practice to the system 
through this approach. Because OneKey also links individual physician NPIs to OneKey 
medical groups and systems, we can calculate the percentage of the group practice’s 
physicians linked to the system through the Org-NPI approach. We required that most of 
the group practice’s physicians or at least 50 physicians be linked to the candidate system 
through the approach to ultimately accept the linkage, thus providing greater confidence 
that the group practice was linked to the correct system.  

4. Dominant system percentage (DSP) approach: We combined the NPI-level 
information on individual physician NPI-system assignments in the 2018 OneKey data 
with the linkages between physicians and group practices in the constructed 2018 MD-
PPAS v2.3 file to help link group practices to systems. Because the MD-PPAS file links 
TINs to individual NPIs and the OneKey data links individual NPIs to closely affiliated 
systems, we were able to merge the two data sources by individual NPI. This merge gave 
us the percentage of a group practice’s physicians at the TIN-level (in both the MD-PPAS 
file and the OneKey data) linked to a system. We identified the system with the largest 
percentage of physicians linked to it as the DSP and considered this system a candidate 
for potential linkage of the given group practice to that system in 2018. 

When calculating the percentage of a TIN’s NPIs linked to systems, we excluded 
physicians not clearly linked to a single system or group practice: (1) physicians linked to 
more than one system in the OneKey data and (2) physicians who switched to a different 
group practice during 2018 in the constructed MD-PPAS v2.3 file. Finally, to provide 
greater confidence that the group practice was linked to the correct system, we required 
that most of the group practice’s physicians (or at least 50 physicians) be linked to the 
candidate system through the approach. 

 
vi In the 2016 group practice linkage file technical documentation, we refer to the OneKey Organizations data by 
their former name, the Healthcare Organization Services data. 
vii OneKey medical groups are typically analogous to practice site locations rather than entire group practices. Thus, 
while there is overlap between OneKey medical groups and group practices that is useful in linking practices to 
systems, the two entities are not synonymous.  
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We used the four types of candidate linkages to make the final group practice linkages in a four-
step process (Figure ES.1). Of the 39,103 group practices with 585,012 physicians in the 
constructed MD-PPAS v2.3 file, 9,788 group practices with 393,279 physicians were linked to a 
system through one or more of the four approaches.  

Figure ES.1. Summary of decision rules for linking group practices to systems 

In the first step, we accepted group practice linkages to a system through the CCN approach, 
which led to accepted linkages for 1,399 group practices with 75,014 physicians. We accepted all 
linkages based on the CCN approach, because the linkages are based on only two connections in 
which we have relatively high confidence (between the TIN and CCN directly from Medicare 
enrollment data and the CCN and system that come from the hospital linkage file). 

Second, we accepted group practice linkages to a system identified through two or more of the 
remaining approaches. Linkages made through any one of the approaches could be inaccurate; by 
requiring corroboration from another approach made through different connections and data, we 
minimized incorrect linkages. This step led to accepted linkages for an additional 4,526 group 
practices with 244,583 physicians. 
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Next, to resolve discrepancies (group practices linked to different systems through two or more 
approaches), we used group practice-system name matching. We also used name matching to 
corroborate linkages made through only one of the approaches (excluding the CCN approach). 
This step led to accepted linkages for an additional 220 group practices with 6,866 physicians. 

Finally, we conducted manual review of the following group practices to identify the correct 
system linkages: (1) 7 large group practices (with 50 or more physicians each—2,473 physicians 
in total) that still linked to more than one health system after name matching and (2) group 
practices with any associations to four systems that had no group practices linked through the 
automated portion of the process described above, which led to us accepting linkages for an 
additional 5 group practices with 188 physicians. 

The final group practice linkage file includes linkages for 6,157 of the 39,103 group practices 
(with two or more physicians) to Compendium systems, which account for 329,124 of the 
585,012 physicians in these group practices. 

B. Using the Linkage File To Link Group Practices to Other Data 
Sources 

Users of the group practice linkage file can link the data to data sources other than the 
Compendium through two methods. First, users can link group practice linkage file data to the 
MD-PPAS data using the following variables common to both (or that can be created using 
both sources):  

• TIN name,  
• State where the plurality of the TIN’s NPIs are located,  
• Total number of physicians in the TIN,  
• Total number of nurse practitioners and physician assistants in the TIN, and  
• Total number of line items billed through the TIN. 

Alternatively, users can connect the data to files derived from PECOS, such as the Public 
Provider Enrollment data or the Physician Compare National Downloadable File, by using the 
PECOS Associate Control ID (PAC ID).viii 

Through any of these linkages, users can identify the physicians in the group practices and 
thereby the physicians who are tightly affiliated with the Compendium health systems. In turn, 
users can link information in Medicare claims data to systems by using physician NPIs. By 
making such linkages possible, the 2018 group practice linkage file enables users to examine the 
relationships between group practices (and their physicians) and systems and how group 
practices in systems compare with those not in systems in 2018. 

 

 
viii Refer to https://data.cms.gov/public-provider-enrollment and https://data.medicare.gov/data/physician-compare. 

https://data.cms.gov/public-provider-enrollment
https://data.medicare.gov/data/physician-compare
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I. Introduction 
In 2015, the Agency for Healthcare Research and Quality (AHRQ) created the Comparative 
Health System Performance (CHSP) Initiative to study how healthcare systems promote 
evidence-based practices in delivering care.ix AHRQ’s goal is to understand the factors that 
affect health systems’ use of patient-centered outcomes research (PCOR) and to identify best 
practices in disseminating and using PCOR. 

To achieve AHRQ’s goals, the initiative established three Centers of Excellence (CoEs) and a 
Coordinating Center to identify, classify, track, and compare health systems. AHRQ established 
CoEs at Dartmouth College, the National Bureau of Economic Research (NBER), and the 
RAND Corporation. Mathematica serves as the initiative’s Coordinating Center, working 
collaboratively with AHRQ and the CoEs to facilitate synthesis of findings on comparative 
health system performance, build a Compendium of U.S. Health Systems, and support 
dissemination of the CHSP Initiative findings broadly. 

As part of the CHSP Initiative, AHRQ and Mathematica have developed a number of publicly 
available data resources for researchers, policymakers, and other stakeholders who want to 
understand how health systems can improve the value of healthcare. These data resources 
include 2016 and 2018 versions of the Compendium of U.S. Health Systems, hospital linkage 
files, and group practice linkage files. These resources reside on AHRQ’s website and are 
being updated over the course of the initiative, with additional resources to support research on 
health systems. 

The Compendium of U.S. Health Systems (referred to as the Compendium in this document), 
first released in 2017, provides a list of health systems in the United States, 626 systems in 2016 
and 637 in 2018, and key system attributes. The Compendium consolidates information from 
several data sources that indicate system ownership and provider affiliations with systems.x 

The Compendium identifies systems with at least one hospital and at least one group of 
physicians that collectively provide comprehensive care (that is, including primary and specialty 
care). The hospitals and physician groups in a system must be connected with each other through 
common ownership or joint management as identified in the data sources.xi 

  

 
ix Additional information on the CHSP Initiative can be found at: https://www.ahrq.gov/chsp/index.html. 
x Furukawa, et al.,3 describe the methodology used to create the Compendium and use the Compendium to examine 
health systems in the United States in 2016.  
xi The technical documentation for the 2016 Compendium contains more information about how we identified 
qualifying health systems: https://www.ahrq.gov/sites/default/files/wysiwyg/chsp/compendium/techdocrpt_0.pdf. 
The technical documentation for the 2018 Compendium can be found at https://www.ahrq.gov/sites/default/files/ 
wysiwyg/chsp/compendium/2018-compendium-techdoc.pdf. 

https://www.ahrq.gov/chsp/index.html
https://www.ahrq.gov/sites/default/files/wysiwyg/chsp/compendium/techdocrpt_0.pdf
https://www.ahrq.gov/sites/default/files/%20wysiwyg/chsp/compendium/2018-compendium-techdoc.pdf
https://www.ahrq.gov/sites/default/files/%20wysiwyg/chsp/compendium/2018-compendium-techdoc.pdf


 

2018 Group Practice Linkage File Technical Documentation 8 

The Compendium system-hospital linkage files (referred to as the hospital linkage files in this 
document) enable users to link health systems with their member hospitals in 2016 and 2018.xii 
The hospital linkage files include name and address information on hospitals in systems and not 
in systems. In addition, the files include hospital and system identifiers such as the Centers for 
Medicare & Medicaid Services (CMS) certification number (CCN) and Compendium health 
system ID. 

In October 2019, AHRQ added a 2016 group practice linkage file, which links group practices to 
their 2016 Compendium health systems based on information in the data sources that indicate 
ownership or tight management relationships.xiii The group practice linkage file includes 
information on 41,153 group practices (made up of 556,858 physicians) in systems and not in 
systems in 2016. Similar to the purpose of the hospital linkage file, the group practice linkage 
file contains information to allow users to link the data on the 626 health systems in the 
Compendium to other data sources. 

In December 2020, AHRQ added a 2018 physician group practice linkage file, which links group 
practices to their 2018 systems. The group practice linkage file includes information on 39,103 
group practices (made up of 585,012 physicians) in systems and not in systems in 2018. This 
document describes the methodology and approach used to develop the 2018 group practice 
linkage file. Section II describes the data sources used. Section III presents the methodology used 
to create the linkage file. Section IV describes the linkage file contents, and section V presents 
caveats and limitations. 

II. Data Sources 
A. Identifying Group Practices and Physicians Using MD-PPAS 
We used a version of the 2018 MD-PPAS data created for the purpose of developing the 
linkage file to: 

1. Identify the set of physician group practices to be considered for linkages to the 2018 
Compendium of U.S. Health Systems and 

2. Link physician providers (identified by their NPIs) to group practices (identified by 
TINs), which we use later to help link the group practices to systems.xiv 

 
xii The technical documentation for the 2016 hospital linkage file can be found at https://www.ahrq.gov/sites/ 
default/files/wysiwyg/chsp/compendium/chsp_linkage_file_tech_doc.pdf. The technical documentation for the 2018 
hospital linkage file can be found at https://www.ahrq.gov/sites/default/files/wysiwyg/ chsp/compendium/2018-
hospital-linkage-techdoc.pdf. 
xiii When we refer to group practices being part of systems or linked to systems throughout this report, we make the 
assumption of ownership or tight management relationships between the practices and systems based on the 
information reported in the data sources and the methodology we developed to link group practices to systems.  
xiv The group practice linkage file links TINs to health systems. We follow the Centers for Medicare & Medicaid 
Services’ practice of referring to TINs, which are entities that physicians assigned their rights to for submitting 
Medicare claims and collecting payments for services, as group practices. In general, we use the terms TIN and 
group practice interchangeably in this document. More specifically, we use TIN when referring to the identifier in 
the data sources (that is, the TIN). 
 

https://www.ahrq.gov/sites/%20default/files/wysiwyg/chsp/compendium/chsp_linkage_file_tech_doc.pdf
https://www.ahrq.gov/sites/%20default/files/wysiwyg/chsp/compendium/chsp_linkage_file_tech_doc.pdf
https://www.ahrq.gov/sites/default/files/wysiwyg/%20chsp/compendium/2018-hospital-linkage-techdoc.pdf
https://www.ahrq.gov/sites/default/files/wysiwyg/%20chsp/compendium/2018-hospital-linkage-techdoc.pdf
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The official 2018 MD-PPAS data were not available when we developed the 2018 group practice 
linkage file. Thus, we used Medicare Part B claims and Medicare PECOS data and version 2.3 of 
the MD-PPAS specifications to construct the file. Consistent with the specifications, we used 
PECOS data to identify physician specialty and, when it was missing in PECOS, we identified 
specialty using Part B claims data. When we refer to the MD-PPAS data in this report, we are 
referring to the constructed version of the 2018 MD-PPAS file based on version 2.3. 

The constructed 2018 fee-for-service MD-PPAS v2.3 file contains records for all providers with 
a valid NPI that submitted a Medicare fee-for-service Part B noninstitutional claim with a 
positive allowed amount in 2018.xv We restrict the set of providers considered in the analyses to 
medical doctors and doctors of osteopathy in the MD-PPAS file, which are identified by their 
NPIs. We refer to these providers collectively as physicians in this document. 

For each physician, the file indicates the two TINs with the largest number of line items billed by 
the physician in 2018; that is, the primary and secondary TINs that the physician used for billing. 
The data include the physician’s specialty, number of line items billed, allowed charges, and 
unique patients overall and for the physician’s primary and secondary group practices. We 
assigned each physician to his or her primary TIN when developing the group practice linkage file. 

In addition, we used 2018 Medicare Advantage (MA) data to create a file of NPIs linked to TINs 
that bill MA plans but not Medicare Part B. We supplemented the constructed fee-for-service 
MD-PPAS v2.3 file with MA data to ensure we included a set of group practices and physicians 
participating in Medicare that was as comprehensive as possible.xvi We added MA-only TINs 
(and their NPIs) to the final set of group practices if the practices were also found in the PECOS 
data (described further in the next section). 

We required that the group practices also be in the PECOS data to confirm the TINs were valid, 
because some of the group practice identifiers (TINs) in the MA data were not valid TINs.xvii We 
also added MA-only NPIs to TINs previously identified in the constructed fee-for-service MD-
PPAS v2.3 file. This step added 910 TINs that are only in the MA data and 22,566 NPIs only in 
the MA data to the set of TINs and NPIs to be considered for linkages to systems. 

xv Only claims for evaluation and management visits, procedures, imaging services, or nonlaboratory tests are 
included. More information on the MD-PPAS data is available at https://www.resdac.org/cms-data/files/md-
ppas/data-documentation.  
xvi The primary TIN, which is based on the plurality of line items billed, changed for some physicians when we 
combined the MA data with the constructed fee-for-service MD-PPAS v2.3 file (that is, a different TIN had the 
plurality of line items when fee-for-service and MA line items were summed).  
xvii Invalid TINs appear in the data when a valid TIN was not reported on MA claims.  

https://www.resdac.org/cms-data/files/md-ppas/data-documentation
https://www.resdac.org/cms-data/files/md-ppas/data-documentation
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Finally, we restricted the set of group practices to those with two or more physicians, which 
excluded 78,111 single-physician or solo practices (Table II.1).xviii These physician group practice 
linkages provided in the MD-PPAS file give us the set of group practices and their physicians to be 
considered for linkages to systems: 39,103 group practices with 585,012 physicians. 

Table II.1. Number of group practices (TINs) by number of physicians (NPIs) 
TIN Size (Number of 

NPIs) 
Number of 

TINs 
Percentage of 

TINs 
Number of 

NPIs 
Percentage of 

NPIs 
All TINs and NPIs 117,214 100.0% 663,123 100.0% 
1 78,111 66.6% 78,111 11.8% 
2+ 39,103 33.4% 585,012 88.2% 

2-9 30,724 78.6% 111,831 19.1% 
10-99 7,532 19.3% 193,559 33.1% 
100-499 714 1.8% 141,067 24.1% 
500+ 133 0.3% 138,555 23.7% 

Key: NPI = National Provider Identifier; TIN = Tax Identification Number. 

B. Other Data Sources Used To Develop Linkages 
We used several other 2018 data sources combined with the constructed 2018 MD-PPAS v2.3 
file to assess potential linkages and ultimately make the final linkages between group practices 
and health systems in the Compendium. Table II.2 provides a brief description of each data 
source, level of information, and available linkage variables. We discuss each data source in 
more detail below. 

Table II.2. 2018 data sources used to link group practices to health systems 

Data 
Source Description of Information Used in the Data Source 

Level of 
Information  

Linkage 
Variables  

Constructed 
MD-PPAS 
v2.3 

Provider-level dataset that assigns Medicare providers 
(restricted to medical doctors and doctors of osteopathy 
for the development of the linkage file) by NPI to group 
practices (TINs) 

NPI NPI, TIN 

Hospital 
linkage file 

File that links hospitals (with CCNs) to Compendium 
systems 

CCN System ID, 
CCN 

PECOS Enrollment system of individual and organizational 
providers enrolled in Medicare  

NPI, TIN, 
Org-NPI, 
CCN 

NPI, TIN, 
Org-NPI, 
CCN 

 
xviii We excluded TINs with a single physician to ensure the confidentiality of identifiable individuals. Physicians 
who switched TINs during 2018 were not included in the counts of physicians for TINs. We also excluded TINs 
without a TIN name in either the constructed MD-PPAS v2.3 file or PECOS, which excluded 76 TINs with 1,645 
physicians from the linkage file. Because we cannot report the actual TIN in the public version of the linkage file, 
TIN name is critical information for users to be able to identify the TIN. 
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Data 
Source Description of Information Used in the Data Source 

Level of 
Information  

Linkage 
Variables  

Medicare 
claims/ 
hospital-
based billing 
file 

Summary of services provided by TIN’s physicians at 
hospital-based settings linked to systems 

TIN-CCN, 
TIN-system 

TIN, CCN 

OneKey Database identifying linkages between NPIs and 
OneKey medical groups, NPIs and systems, and 
OneKey medical groups and systems 

NPI, OneKey 
medical 
groups, 
systems 

NPI, Org-
NPI 

Key: MD-PPAS = Medicare Data on Provider Practice and Specialty; NPI = National Provider Identifier; TIN = 
Tax Identification Number; CCN = CMS Certification Number; PECOS = Provider Enrollment, Chain, and 
Ownership System; Org-NPI = organizational NPI. 

1. Hospital linkage file 
We used information on hospital-to-system assignments in the 2018 hospital linkage file to help 
identify linkages between group practices and systems. The hospital linkage file contains a 
record for each hospital and whether the hospital is part of one of the health systems in the 
Compendium. If the hospital is linked to a health system, the file lists the name and identifier of 
the health system, which links to the Compendium.xix 

In general, we used the 2018 hospital linkage file (which has hospital CCNs linked to systems) to 
link group practices to systems once we linked the group practices to hospital CCNs. We 
describe the approaches using these data in more detail in Section III, Methodology. 

2. Medicare Provider Enrollment, Chain, and Ownership System (PECOS) 
We used information in the 2018 PECOS data to link TINs to hospital CCNs. Administered by 
CMS, PECOS is an online system and data repository for individual and organizational providers 
to enroll in Medicare and manage their enrollments over time. PECOS is not publicly available 
to researchers, but AHRQ requested special permission from CMS to extract selected 
information from PECOS for research purposes under the CHSP project. 

We used the enrollment associations (which indicate relationships between entities) in the 2018 
PECOS data to make two types of linkages that ultimately helped us link group practices to 
systems. First, the PECOS data associate group practice TINs with hospital CCNs. In these 
cases, the group practice shares the same TIN as the hospital, or some physicians providing 
patient care at the hospital bill Medicare for services through the hospital TIN. 

Second, PECOS data associate TINs with organizational NPIs (Org-NPIs).xx The data include 
one or more Org-NPIs and a TIN for a given group practice enrollment record. Thus, we could 
link the TIN to the Org-NPIs through the PECOS enrollment record. The relationship between 

 
xix More information on the hospitals included in the linkage file and the methodology used to link the hospitals to 
systems is in the hospital linkage file technical documentation: https://www.ahrq.gov/sites/default/files/wysiwyg/ 
chsp/compendium/2018-hospital-linkage-techdoc.pdf.  
xx In the OneKey data, roughly half of medical groups have Org-NPIs. 

https://www.ahrq.gov/sites/default/files/wysiwyg/%20chsp/compendium/2018-hospital-linkage-techdoc.pdf
https://www.ahrq.gov/sites/default/files/wysiwyg/%20chsp/compendium/2018-hospital-linkage-techdoc.pdf
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Org-NPIs and TINs is not quite one to one, but 99.3 percent of Org-NPIs link to a single TIN, 
and 93.4 percent of TINs link to a single Org-NPI. We describe the approach to using these data 
to link group practices to systems in more detail in Section III, Methodology. 

3. Medicare claims 
We used billing information in 2018 Medicare fee-for-service claims to create an analytic extract 
that summarized the extent to which the physicians in group practices provided services at 
settings of care owned or tightly managed by systems. The analytic extract, referred to as the 
hospital-based billing file in this document, includes the number of beneficiary dates of service 
(DOSs) for Medicare beneficiaries billed through a group practice that occurred at hospital-based 
settings linked to health systems.xxi 

The hospital-based billing file includes the services (reported on the claims) occurring at: (1) all 
hospital-based settings, including hospital outpatient departments (HOPDs), inpatient facilities, 
and emergency departments, and (2) HOPD settings only. For a TIN, the file contains a record 
for the TIN-CCN combinations; that is, hospitals connected to the practice through billing at 
hospital-based settings owned by the system. We used this information to assess whether group 
practices and physicians billing to them should be linked to health systems. 

To create the hospital-based billing file, we restricted the data to a set of claims analogous to 
those used to create the MD-PPAS data, including only claims: 

1. With charges for evaluation and management services, procedures, imaging, or 
nonlaboratory testing, 

2. With a valid individual NPI, and 
3. With a positive allowed charge amount. 

We aggregated the number of DOSs from the claims at the TIN level to generate counts by setting 
of care (all hospital-based settings and HOPD setting only) for each TIN. The resulting claims-
based file indicates, for a given TIN, the number of DOSs for services billed through the TIN.xxii  

  

 
xxi We use beneficiary dates of service for Medicare beneficiaries as a measure of services provided by setting of 
care. A date of service can include more than one service and multiple Medicare claims. When developing the 2016 
group practice linkage file, we tested the sensitivity of the group practice-system linkages to using line items from 
claims instead of dates of service, and the results were similar.   
xxii Because the file we created to take the place of the 2018 MD-PPAS data was not available when we conducted 
the hospital-based billing analysis, we used the 2017 MD-PPAS data to identify the set of physicians billing under 
the same group practice. Thus, the physicians included in the variables that indicate the extent of a group practice’s 
hospital-based billing are based on 2017 NPI-TIN connections. Year-to-year changes in physicians linked to group 
practices are likely not sufficiently large for the use of 2017 data for this purpose to substantially affect linkages of 
group practices to systems, particularly because we require linkages to systems through multiple approaches to 
accept the linkages (discussed in detail in section III.B). 
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The hospital-based billing file reports a TIN’s count of DOSs separately by CCN, which is 
indicated on the claims, along with the individual NPI and TIN. The file is at the TIN level with 
an array of CCNs and the percentage of total DOSs for the corresponding CCN. For example,, if 
60 percent of the DOSs for a TIN occurred at a facility linked to hospital 1, and 40 percent 
occurred at a facility linked to hospital 2, the file includes the CCN for hospital 1 in the first 
CCN field and the CCN for hospital 2 in the second CCN field, along with their corresponding 
percentage of total DOSs..xxiii 

Next, we aggregated the TIN-CCN-level information to the TIN-system level. We merged the 
TIN-CCN file to the hospital linkage file, which contains CCNs linked to systems. We then 
aggregated the information for each combination of TIN and system to create a hospital-based 
billing file that contains the count of DOSs billed by setting of care (all hospital-based settings 
and the HOPD setting only) linked to systems. Thus, the hospital-based billing file contains 
information on the amount of services (as measured by DOS) billed through TINs occurring at 
either all hospital-based settings or the HOPD setting only and linked to health systems. 

Finally, for each TIN, we calculated the percentage of DOSs with billings that occurred at 
hospital-based settings that are linked, based on the hospital linkage file, to a given health 
system. These values give us a measure of the percentage of services billed through a group 
practice that occurred at hospital-based settings linked to a given health system. We used this 
information to identify the system most closely linked to the group practice through this 
approach; that is, the system with the highest percentage of the TIN’s DOSs billed at hospital-
based settings. For each TIN, we calculated the percentage of DOSs and identified the system 
with the highest percentage for all hospital-based settings and the HOPD setting only. 

  

 
xxiii The data we used to identify whether group practices occurred in a hospital-based setting include connections 
between each TIN and up to five hospitals where the TIN’s physicians most frequently provided services, with one 
exception. If there was a tie between the fifth and sixth hospital, the additional hospital’s information was included. 
For example, if 50 percent of services provided by physicians in a group practice are delivered at one hospital, and 
10 percent of services are delivered at each of 5 other hospitals, all 6 hospitals are included in the data because the 
fifth and sixth hospitals both have values of 10 percent. If the physicians in a group practice provide services in 
fewer than five hospitals, information for all hospitals is included in the data. The data include complete information 
for all hospitals connected to the group practice’s physicians for a vast majority of group practices. For the HOPD 
setting, 86.1 percent of TINs have complete information, and an additional 11.8 percent include between 90 and 99 
percent of the TINs’ billing in this setting. For all hospital-based settings, 69.6 percent of TINs have complete 
information, and an additional 27.6 percent include between 90 and 99 percent of the TINs’ billing in these settings. 
For the group practices with values below 100 percent, the percentage of services provided at system hospitals is 
based on the top five hospitals, which is a subset of all hospitals connected to the physicians in the group practice. 
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4. IQVIA OneKey database 
Finally, we used information on medical group-to-system and physician-to-system 
assignments from IQVIA’s 2018 OneKey database to help identify linkages between group 
practices and systems.xxiv The 2018 OneKey data include direct assignments of individual 
physician NPIs to medical groups and health systems (referred to in OneKey as integrated 
delivery networks, or IDNs).  

OneKey enumerates office-based and hospital-based physicians with close affiliations with 
facilities owned or managed by an IDN. Physician-to-system affiliations are defined as 
attending (for system hospitals) and IDN affiliated. Attending includes physicians whose 
primary practice location is physically in the hospital. IDN affiliated includes physicians who 
practice at an outpatient location that is part of an IDN campus and admit to one or more IDN 
hospitals. The system affiliations exclude physicians with admitting privileges at a hospital 
who are not designated as attending or IDN affiliated. 

In addition, the OneKey data include assignments of organizational entities referred to as 
medical groups (defined as outpatient healthcare centers that provide general or specialized 
services to patients) to systems that own or tightly manage the groups. OneKey medical groups 
typically represent practice site locations rather than the entire physician organization. Also, the 
OneKey data include Org-NPIs for many of the OneKey medical groups the database identifies, 
which helps us link these OneKey medical groups to TINs identified in PECOS, and ultimately, 
the group practices to systems (described in more detail in the Methodology section below).xxv 

III. Methodology 
We combined information from multiple approaches to link group practices to systems to create 
the 2018 group practice linkage file. In this section, we first describe the various approaches used 
to identify candidate linkages between group practices and systems. We then describe the 
decision rules applied to combine the information gleaned from these approaches to make the 
final assignments of group practices to systems. 

  

 
xxiv In the 2016 group practice linkage file technical documentation, we refer to the OneKey Organizations data by 
their former name, the Healthcare Organization Services data. 
xxv IQVIA regularly updates information on physicians, medical groups, and systems and the relationships 
between these entities using web searches, telephone calls with practices, a variety of data sources, and 
proprietary matching algorithms. More information on the data is available in the 2018 Compendium technical 
documentation (https://www.ahrq.gov/sites/default/files/wysiwyg/chsp/compendium/2018-compendium-
techdoc.pdf) and Cohen, et al.4 

https://www.ahrq.gov/sites/default/files/wysiwyg/chsp/compendium/2018-compendium-techdoc.pdf
https://www.ahrq.gov/sites/default/files/wysiwyg/chsp/compendium/2018-compendium-techdoc.pdf
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A. Approaches to Linking Group Practices to Systems 
1. CMS Certification Number (CCN) approach 
This approach used 2018 PECOS data to identify whether the group practice TIN was shared with 
a hospital TIN. We assumed that TINs shared by a group practice and hospital indicate common 
ownership by the same business entity. We used the linkages between group practice TINs and 
hospital TINs (and corresponding CCNs) in the PECOS data and linkages between hospital CCNs 
and health systems in the 2018 hospital linkage file to link group practices to systems.  

In Figure III.1, we show an example of a group practice (TIN) in the constructed MD-PPAS v2.3 
file with four physicians (NPIs); the linkages between the NPIs and the TIN are illustrated by the 
blue dashed arrows. In the PECOS data, some TINs are linked to hospital CCNs (illustrated by 
the solid yellow line linking the TIN to the associated hospital CCN). Next, because we know 
from the hospital linkage file that the CCN is in a system (illustrated by the solid green arrow), 
we linked the TIN (and its four physicians—NPIs) to the system through its CCN. 

Figure III.1. Illustration of the CCN approach 

Finally, we excluded a small number of candidate linkages (9 group practices with 884 
physicians), because the CCN approach identified more than one Compendium system linked to 
the group practice; that is, the TIN links to more than one CCN in PECOS, and the CCNs link to 
more than one Compendium system. 

Of the 39,103 group practices in the MD-PPAS file, 2,427 have a link to CCNs in the PECOS 
data. Of these group practices sharing a TIN with a hospital, we identified linkages to 
Compendium systems for 1,399 TINs and their 75,014 NPIs through the CCN approach.  

2. Hospital-based billing approach 
In this approach, we combined billing information in 2018 Medicare claims data on the settings 
where physicians provided services using place of service codes (specifically, various types of 
hospital-based settings) with information in the 2018 hospital linkage file to link group practices 
to systems. Hospital-based settings included: 

• HOPD setting, made up of Off Campus-Outpatient Hospital (place of service code=19) 
and On Campus-Outpatient Hospital (place of service code=22); 
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• Inpatient Hospital (place of service code=21); and  
• Emergency Room-Hospital (place of service code=23).  

We reclassified 2018 Medicare Carrier file claims in the office setting (place of service code=11) 
as occurring in HOPD settings (place of service code=22) when they: 

• Had a matching claim in the Medicare Outpatient file indicating non-emergency room 
HOPD setting (facility type=1 and type of service=3) and  

• Referred to the same patient and service based on matching (1) beneficiary ID, service 
date, and procedure code or (2) beneficiary ID, service date +/- 7 days, and NPI of the 
service provider.xxvi 

If physicians billing under the same group practice provided most of their hospital-based services 
in a facility linked to a specific hospital, it was reasonable to conclude that the group practice had 
a strong affiliation with the hospital.xxvii

xxviii

 If the hospital was owned by a health system in 2018, 
the physician practice strongly affiliated with the hospital may be assumed to share the hospital’s 
affiliation with the system.  

We applied two versions of this approach to link group practices to systems: one that used a 
group practice’s services provided at the HOPD setting only and a second that used services at 
all hospital-based settings. The approach used for a given group practice depends on the 
specialty mix of the practice. We used services at all hospital facilities for group practices in 
which the majority of physicians were in hospital-based specialties in 2018. We used services at 
the HOPD setting for group practices in which the majority of physicians were not in hospital-
based specialties in 2018. We discuss the two versions below in more detail. 

Linkages based on HOPD billing. This version of the approach relies on the assumption that a 
group practice billing a majority of their relevant services in 2018 as having occurred at a 
specific HOPD linked to a system in 2018 (instead of an office setting owned and managed by 
their practice) reflects a tight relationship between the practice and the system.xxix However, 
basing system assignment on services at HOPDs may not be informative for physician specialties 

 
xxvi This correction follows the approach used in Neprash, Chernew, and McWilliams.1 
xxvii In this case, relevant services refers to all services provided at hospital-based settings. 
xxviii In section II.B.3, we noted that the percentage of services provided at system hospitals was based on the top five 
hospitals where the TIN’s physicians most frequently provided services, which for some TINs was a subset of all 
hospitals connected to the physicians in the group practice. 
xxix When a physician service is provided in an ambulatory care setting owned by a hospital (an HOPD), the 
physician practice receives a greatly reduced payment that covers only the professional component of the service. 
However, the hospital receives an additional facility fee that results in the combined payment exceeding what the 
physician practice would have received for rendering the same service in a physician-owned office setting.5 When 
physician practices are purchased by hospitals, services provided by the practice’s physicians in the ambulatory care 
settings formerly owned by the practice can (under some circumstances) be billed to Medicare using HOPD as the 
place of service. Even if the physician practice is not formally owned by the hospital, forgoing physician practice 
revenue by substantially billing physician outpatient services in HOPDs has been noted to imply a tight relationship 
between the physician practice and the hospital (or system that owns the hospital facilities).1 
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that provide many or most of their services in an inpatient setting (for example, anesthesiologists 
and pathologists).  

Hospital-based specialties might provide a high proportion of outpatient services at HOPD 
settings owned by a system regardless of whether the physicians are formally part of the health 
system. Thus, we used HOPD billing only for group practices in which most of the physicians 
were not in hospital-based specialties in 2018. 

We identified the specialty mix of physicians billing under each group practice in 2018 based on 
the specialties identified in the constructed 2018 MD-PPAS v2.3 file. We then identified whether 
a majority of the TIN’s physicians were in specialties that could be classified as hospital based. 
Hospital-based specialties in the MD-PPAS file include: 

• Critical care (intensivists). 
• Anesthesiology. 
• Nuclear medicine. 
• Radiation oncology. 
• Emergency medicine. 
• Diagnostic radiology. 
• Hospitalist. 
• Interventional radiology. 
• Pathology. 

We identified 4,316 group practices as having a majority of physicians in hospital-based 
specialties (among the 11,749 group practices with some level of linkage to hospital-based 
settings through billing and services provided). 

We accepted group practice linkages to Compendium systems when the majority of the group 
practice’s DOSs at HOPDs occurred at specific HOPDs linked to a Compendium system and at 
least 10 DOSs for Medicare beneficiaries were billed at HOPDs in 2018. We applied the final 
restriction to require that a meaningful number of services be delivered through HOPDs, which 
added to the confidence that the linkages to systems through HOPDs reflected ownership or tight 
management relationships between the group practice and the linked system. 

Figure III.2 illustrates how this approach links group practices to health systems using the setting 
of care (HOPDs in this case) for services provided by the physicians in the group practices: 

• The figure shows a group practice (TIN) in the constructed MD-PPAS v2.3 file with four 
physicians (NPIs).  

• The physicians in the TIN billed a percentage of their services (as measured by 
DOSs) at HOPDs to the specific HOPD in the figure (illustrated by the dotted purple 
lines between the NPIs and the TIN). 

• The percentages for the NPIs were aggregated to the TIN level, which is illustrated by the 
purple shading for the TIN. 

• The specific HOPD is located at the hospital (CCN) in the figure, which links the TIN to 
the CCN (illustrated by the dotted purple lines between the TIN and HOPD and HOPD 
and CCN). 
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• Finally, through the hospital linkage file, we connected the CCN (and the group practice) 
to the Compendium system (illustrated by the solid green arrow). 

Figure III.2. Illustration of the hospital-based billing approach using services at HOPDs  

Studies of physician-hospital integration have used similar approaches to link physicians to 
hospitals.1,2 For example, one study identifies physicians as financially integrated with a hospital 
if they billed 90 percent or more of outpatient services in an HOPD setting.1 

The authors excluded physicians in specialties that are primarily inpatient based when linking 
physicians to hospitals, such as anesthesiology, pathology, critical care, and emergency 
medicine.xxx Their rationale is similar to the rationale for why we use billing at all hospital-based 
settings instead of the HOPD setting only for hospital-based specialties; that is, physicians in 
these specialties may bill a larger proportion of their services in hospital-based settings that are 
not HOPDs. 

Linkages based on all hospital-based billing. It is important to identify linkages between group 
practices with high proportions of physicians in hospital-based specialties that provide many of 
their services in hospital-based settings (for example, anesthesiologists and hospitalists). 
Therefore, we developed a version of the approach that uses services for Medicare beneficiaries 
billed from all hospital-based settings in 2018 (not just HOPDs) to assess whether these TINs are 
in systems. 

Hospital-based settings include HOPDs, inpatient facilities, and emergency departments. We 
identified candidate group practice linkages to Compendium systems when most of the practice’s 
DOSs billed at hospital-based settings occurred at specific hospitals linked to a Compendium 
system and at least 10 DOSs were at hospital-based settings in 2018. We applied this version of 
the approach based on billings at all hospital-based settings to group practices with a majority of 
physicians in the hospital-based specialties noted above. 

 
xxx Unlike the approach we used to calculate HOPD billing and develop linkages at the group practice level, the 
authors calculate an HOPD share at the NPI level for the purposes of their analysis. 
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Linkages made through this version of the approach are based on a broader set of services across 
all hospital-based settings. In addition, they are based on the assumption that group practices 
performing a high proportion of their services in these settings all tied to the same system in 
2018 likely have a tight relationship with that system. However, because the linkages are based 
on the set of billings provided at hospital-based settings and we only required that the TIN had 
10 DOSs at hospital-based settings, it is possible that some of the TINs are not in fact part of the 
systems. It is also possible that some TINs in hospital-based specialties (for example, emergency 
medicine, pathology, or anesthesiology) contract with a hospital to provide most of their services 
but remain independent and not part of systems. 

To minimize these types of false positive linkages, we require linkages through this approach to 
be corroborated by at least one of the other approaches, which are based on different connections 
from different data sources. Later in this section, we describe in more detail how we combined 
the information from the four approaches to make the final linkages. 

We identified candidate linkages through the hospital-based billing approach for 8,426 group 
practices and 369,400 physicians. Of these linkages, 4,914 of the group practices and 306,229 of 
the physicians were linked through the HOPD setting; 3,512 of the group practices and 63,171 of 
the physicians were linked through all hospital-based settings.  

3. Organizational NPI (Org-NPI) approach 
We combined the information on medical group-system assignments in the 2018 OneKey data 
with linkages from Org-NPIs to TINs in the 2018 PECOS data to help link group practices to 
systems. The common identifier in these two data sources is the Org-NPI, which is available for 
roughly half of the OneKey medical groups reported in the OneKey data. 

In Figure III.3, we show an example of a group practice (TIN) in the constructed 2018 MD-
PPAS v2.3 file with four physicians (NPIs). Because the PECOS data links Org-NPIs to TINs 
(illustrated by the solid yellow line) and the OneKey data assign medical groups with Org-NPIs 
to systems (illustrated by the solid red arrow), we were able to merge the two data sources by 
Org-NPI.xxxi We then linked TINs to candidate systems through this Org-NPI link; that is, if a 
TIN links to a OneKey medical group through their Org-NPI and the medical group is in a 
system (illustrated by the solid red arrow), we linked the group practice to the system through 
this approach. 

  

 
xxxi Although a small percentage of TINs link to multiple Org-NPIs, as long as the Org-NPIs for a TIN link to the 
same system, the TIN will link the system through the Org-NPI approach. 
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Figure III.3. Illustration of the Org-NPI approach 

In some cases, this approach linked a TIN to a system using only a small fraction of the group 
practice’s physicians, which at times led to clearly incorrect linkages based on comparisons with 
linkages made through the other approaches and manual review. When we compared OneKey 
medical groups with TINs, many times the medical groups had many fewer physicians since they 
typically represent practice site locations rather than the entire group practice. Thus, a OneKey 
medical group might link to a TIN, but the medical group site is only part of the larger physician 
organization and it contains only a small fraction of the physicians in the TIN. 

If no other OneKey medical group site locations in the same system linked to the TIN, then this 
approach linked the TIN to a system based on the small fraction of the TIN’s physicians, giving 
us lower confidence that the group practice should be linked to the system. Thus, to provide 
greater confidence that the TIN linked to the correct system under this approach, we required that 
either the majority of the TIN’s physicians or at least 50 physicians be linked to the candidate 
system. After applying this restriction, we linked 2,995 group practices and 217,372 physicians 
to Compendium systems through the Org-NPI approach.xxxii xxxiii,  

  

 
xxxii Before applying this restriction, we identified candidate Compendium systems for 3,419 group practices and 
225,457 physicians through the Org-NPI approach.  
xxxiii The number of medical groups (that is, practice sites) in the 2018 OneKey data is higher compared with the 
2016 version of the data. The increase is due to new practice sites constructed from 2016 to 2018 and IQVIA 
identifying additional practice site locations that were in operation in 2016. This increase led to an increase in the 
number of group practices with a connection to a system through the Org-NPI approach, from 1,420 group practices 
in 2016 to 2,995 in 2018. We require all connections between group practices and systems to be confirmed by 
another approach (discussed in more detail in section III.B); thus, these additional connections through the Org-NPI 
approach are not enough alone to lead to a group practice linkage to a system.   
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4. Dominant system percentage (DSP) approach 
We combined the NPI-level information on individual physician NPI-system assignments in the 
2018 OneKey data with the linkages between physician NPIs and group practice TINs in the 
constructed 2018 MD-PPAS v2.3 file to help link group practices to systems. Because the MD-
PPAS file links TINs to individual physician NPIs and the OneKey data link individual physician 
NPIs to systems, we were able to merge the two data sources by NPI.  

More than 90 percent of the physicians in the group practices found in MD-PPAS are also in the 
OneKey data (99.1 percent).xxxiv This merge gave us the percentage of a group practice’s 
physicians at the TIN level (in both the MD-PPAS file and the OneKey data) that were in a system. 
We refer to the largest of these percentages as the dominant system percentage (DSP), and we 
considered the system with the DSP as a potential link to the given group practice. For example, if 
a group practice has 100 physicians in both data sources and the OneKey data assigned 90 in 
system A, 5 in system B, and 5 in no system, the DSP (system A) would equal 90 percent. 

Figure III.4 illustrates how the DSP approach links group practices to health systems using 2018 
OneKey data (to link NPIs to systems) and the constructed 2018 MD-PPAS v2.3 file (to link 
NPIs to TINs). The figure shows an example of a group practice (TIN) in the MD-PPAS file with 
four physicians (NPIs). Three of the four physicians are linked directly to the system in the 
diagram through the OneKey data (illustrated by the solid red arrows); the fourth physician is not 
assigned to a system in the OneKey data. Since three out of four NPIs in the TIN can be linked to 
a specific system, the DSP for this TIN and system is 75 percent.xxxv 

Figure III.4. Illustration of the DSP approach 

  

 
xxxiv The OneKey data included physicians not in the subset of physicians we used from the constructed MD-PPAS 
v2.3 file (for example, pediatricians not billing Medicare and physicians in solo practices, which we excluded from 
the MD-PPAS file). These physicians were not considered in this approach to linking group practices to systems. 
xxxv Alternatively, if NPI 4 was not in the OneKey data, the DSP would be 100 percent because all three NPIs in both 
data sources (NPIs 1-3) are in the system. 
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When calculating the percentage of a TIN’s NPIs linked to systems, we excluded: 
1. Physicians assigned to more than one system in the OneKey data and 
2. Physicians who switched to a different TIN during 2018in the constructed MD-PPAS 

v2.3 file. 

In the OneKey data, about 4 percent of the physicians (among those also in the MD-PPAS file) 
were linked to more than one system, and we could not determine if the physician was more 
closely linked to one of these systems. In the MD-PPAS file, we defined physicians switching 
TINs as those consistently billing to one TIN as the primary TIN for any number of consecutive 
months at the beginning of 2018, then switching to consistently billing another TIN as the 
primary TIN for the remaining months of 2018. For example, if a physician primarily billed TIN 
A in months 1 through 8 and TIN B in months 9 through 12, we identified it as switching TINs 
during the year. 

We identified 27,732 physicians as switching TINs in the constructed MD-PPAS v2.3 file. We 
made these exclusions so that we based the percentages on physician assignments to a single 
system and single TIN. We tested the sensitivity of these decisions, and they had little impact on 
the ultimate TIN assignment to systems. 

Finally, to provide greater confidence that the group practice was linked to the correct system, 
we required that the majority of the TIN’s physicians (or, for larger group practices, at least 50 
physicians) be linked to the candidate system through the approach. After applying this 
restriction, we linked 6,120 group practices and 322,266 physicians to Compendium systems 
through the DSP approach.xxxvi 

5. Summary of approaches 
Table III.1 summarizes the four approaches, and Table III.2 reports the number of TINs and 
NPIs linked through each approach. One-quarter of group practices (9,788) and a majority of 
physicians (393,279, or 67.2 percent) were linked through one or more approaches. The hospital-
based billing and DSP approaches resulted in the most candidate linkages of group practices to 
systems. In the next section, we describe how we used the candidate linkages identified in these 
approaches to assign the final linkages between group practices and systems. 

  

 
xxxvi Before applying this restriction, we identified candidate Compendium systems for 11,800 TINs and 453,096 
physicians through the DSP approach.  
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Table III.1. Summary of approaches used to link group practices to systems 

Approach 
Data Sources 

(Linkages) Summary Restrictions 
CCN PECOS (TIN-CCN); 

hospital linkage file 
(CCN-system) 

Group practices (TINs) linked to 
systems through their CCNs 
found in PECOS 

Group practices linked to 
more than one system are 
excluded. 

Hospital-
based 
billing 

Claims (NPI-TIN-
CCN); hospital linkage 
file (CCN-system) 

Group practices linked to 
systems based on their 
physicians providing services at 
hospital-based settings linked to 
systems 

Majority of services at 
hospital-based settings are 
linked to the system and 
beneficiary dates of service 
are ≥10. 

Org-NPI PECOS (TIN-Org-
NPI); OneKey (Org-
NPI-OneKey medical 
group-system) 

Group practices linked to 
systems through their Org-NPIs, 
and their Org-NPIs linked to 
systems 

Majority of physicians or 
≥50 physicians are linked 
through the approach. 

DSP Constructed MD-
PPAS v2.3 (TIN-NPI); 
OneKey (NPI-system) 

Group practices linked to 
systems through their physicians 

Majority of physicians or 
≥50 physicians are linked 
through the approach. 

Key: CCN = CMS Certification Number; PECOS = Provider Enrollment, Chain, and Ownership System; TIN = Tax 
Identification Number; NPI = National Provider Identifier; Org-NPI = organizational NPI; DSP = dominant system 
percentage; MD-PPAS = Medicare Data on Provider Practice and Specialty. 

Table III.2. Number of group practices linked to Compendium systems through each approach 

Approach 
Number of Group 

Practices Number of Physicians 
All group practices and physicians 39,103 585,012 
Not linked through any approach 29,315 191,733 
One or more approaches 9,788 393,279 

CCN  1,399 75,014 
Hospital-based billing 8,426 369,400 
Org-NPI 2,995 217,372 
DSP 6,120 322,266 

Key: CCN = CMS Certification Number; Org-NPI = organizational NPI; DSP = dominant system percentage. 

Appendix A reports all combinations of the four approaches reflected in the final set of group 
practice linkages. 

B. Decision Rules for Assigning Group Practices to Systems 
This section summarizes the decision rules we used to link group practices to systems based on 
information gleaned from the four approaches described above. With the exception of group 
practices linked to a system through the CCN approach, we required that linkages be based on 
more than one approach to accept the linkage. 

We accepted all linkages based on the CCN approach because the linkages are based on only two 
connections and we have relatively high confidence in both. The connections between the TIN 
and CCN came directly from Medicare enrollment data, and the connections between the CCN 
and system came from the hospital linkage file. 
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Linkages made through the other three approaches rely on connections between physicians or 
OneKey medical groups to systems through the OneKey data or indirect connections surmised 
through aggregate billing of a TIN’s physicians. To be conservative, we required two or more 
corroborating approaches linking the group practice to the same system. 

Finally, we used name matching or manual review to adjudicate a small number of cases in 
which the approaches linked to different systems or for large TINs with a link through only one 
of the approaches (excluding the CCN approach). 

The decision rules followed four steps: 
1. We accepted group practice linkages to a system through the CCN approach.  
2. We accepted group practice linkages to a system through two or more of the remaining 

three approaches.  
3. We examined whether group practice names matched system names to resolve 

discrepancies (group practices linked to different systems through two or more 
approaches) or to corroborate linkages made through only one of the approaches 
(excluding the CCN approach).  

4. We conducted manual review using web searches of 7 large TINs (with 50 or more 
physicians each) that still linked to more than one health system to identify the correct 
system linkage.  

We also added linkages for five group practices based on manual review of possible linkages to 
four systems with no group practices based on the four steps in the process. 

Figure III.5 illustrates the application of the decision rules in the four steps to identify the group 
practice-system linkages. The figure also shows the number of group practices and physicians 
linked in the steps.  

We began with 39,103 group practice TINs with 585,012 physician NPIs in the constructed 2018 
MD-PPAS v2.3 file (restricted to TINs with two or more physicians). Of these group practices, 
9,788 (393,279 physicians) linked to a system through one or more of the four approaches.  

We found that 29,315 group practices with 191,733 physicians did not link to a Compendium 
system through any of the approaches and are reported as not being part of a Compendium 
system in the final group practice linkage file. We then applied the four steps to use the 
information in these candidate linkages to identify the linkages to Compendium systems. 

  



 

2018 Group Practice Linkage File Technical Documentation 25 

Figure III.5. Decision rules for linking group practices to systems 

Note: “Yes” indicates that the group practices were linked through the approach and are reflected as being in 
systems in the final group practice linkage file; “No” means that they were not linked and are reflected as not being 
in systems in the file.  

1. Linking group practices through the CCN approach 
We accepted all linkages made between group practices and Compendium systems made through 
the CCN approach, except for cases in which the approach linked the group practice to multiple 
systems. (Our procedures for handling cases linked to multiple systems in general are described 
under steps 3 and 4 below.) This first step resulted in 1,399 group practices with 75,014 
physicians linked to Compendium systems. 

2. Linking group practices with two or more approaches 
Next, we accepted group practices linked by two or more approaches (DSP, hospital-based 
billing, or Org-NPI) if all the available approaches linked to the same system. In this step, we 
linked 4,526 group practices with 244,583 physicians to Compendium systems (Figure III.5). 
Among these linkages, the most common combination of approaches relied on the DSP and 
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hospital-based billing approaches (1,413 group practices with 25,609 physicians). The 
combination that led to the linkage of the largest number of physicians was DSP, Org-NPI, and 
HOPD approaches (1,328 group practices with 137,591 physicians). Appendix A reports all 
combinations of the four approaches reflected in the final set of group practice linkages. 

3. Name matching 
We used name matching between the TIN names (from the constructed MD-PPAS v2.3 file) and 
health system names (from the Compendium) to resolve discrepancies in which TINs were 
linked to different systems through the approaches (excluding linkages through the CCN 
approach). In other words, name matching served to break ties.  

We used two basic approaches to identify matches:  

• We used the COMPGED function in SAS to assign match scores to each TIN and 
candidate system pair; and  

• We identified whether the first two or more words of the names matched identically.  

We accepted matches with a COMPGED score of 150 or lower (lower scores reflect closer 
matches), which reflects an extremely close match.xxxvii We also accepted TIN-system name 
pairs in which the first two words matched identically.  

Based on a review of the candidate matches, we have a high degree of confidence that pairs 
meeting these criteria are in fact group practices owned or tightly managed by the matched 
systems. We identified linkages for 46 group practices with 1,305 physicians through name 
matching (Figure III.5).  

We also used name matching to corroborate linkages for TINs in which only one of the 
approaches linked the group practice to a system. We identified linkages for 174 group practices 
with 5,561 physicians through this use of name matching. Conversely, 3,345 group practices 
with 61,650 physicians were linked through only one approach and did not have a name match. 
Taken together, name matching adjudicated or confirmed linkages for 220 group practices with 
6,866 physicians. 

  

 
xxxvii We manually reviewed a sample of the name matches to ensure that this approach generally linked group 
practices to the correct system. All the cases reviewed linked to the correct systems.  
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4. Manual review 
After completing the three steps to link group practices described above, we manually reviewed 
10 group practices with 50 or more physicians that linked to different systems through two or 
more approaches but could not be resolved by name matching.xxxviii xxxix,  Two researchers 
conducted web searches of the group practices and candidate systems to determine which of the 
systems (if any) owned or tightly managed the group practices. Specifically, they reviewed the 
official web pages of the group practices and systems (e.g., “about us” pages and list of practice 
locations), as well as other information reporting that the two were linked (e.g., news articles 
announcing mergers that would link the group practice to a system). The review also considered 
shared branding on the websites as evidence that the group practice and system should be linked. 
We compared the linkages made by the two researchers and met to resolve any discrepancies.xl 

Through the review, we linked an additional 7 group practices (of the 10 reviewed) with 2,473 
physicians to systems. Appendix B lists the 7 group practices and their systems.  

Before we finalized the linkages, we compared the number of group practices and physicians in 
each of the 637 Compendium systems with the totals based on the linkage file. We found 
linkages for 633 of the 637 systems (99.4 percent), with only 4 systems having no linked TINs.  

Because each Compendium system was required to have at least one group practice, we further 
reviewed possible linkages to these four systems. More specifically, we reviewed all group 
practices with any evidence from one of the four approaches indicating that it could be linked to 
one of these candidate systems. For example, we reviewed group practices linked to these 
candidate systems through one of the approaches (excluding the CCN approach) that lacked 
corroboration from a second approach.  

We also reviewed group practices that had an association with one of these candidate systems 
but did not meet the criteria’s threshold for the approach; for example, a group practice 
associated with a system through the DSP approach but with less than 50 percent of the 
practice’s physicians linked through the approach. Based on this review, we identified group 
practices associated with the four Compendium systems with no linked TINs.  

Using the same approach as the manual review described above, two researchers conducted web 
searches of the group practices and candidate systems to determine if the group practices should 
be linked to the systems. We compared the linkages made by the two researchers and met to 
resolve any discrepancies. We determined that 5 of the group practices (188 physicians) should 

 
xxxviii We selected 50 as the cutoff because (1) there was a large dropoff in the number of physicians below 50, with 
only one group practice having 40-50 physicians and the vast majority having fewer than 10; (2) 50 is the number of 
physicians used in the Compendium definition of a system, which means that we are reviewing all group practices 
large enough to result in a linked system meeting the definition, and (3) this cutoff resulted in a number of group 
practices that could feasibly be reviewed. 
xxxix There were 283 group practices with fewer than 50 physicians each that were linked to different systems and 
had no name match. We did not further attempt to match these group practices to systems; they are classified as not 
being part of systems in the group practice linkage file. 
xl The two researchers and a third researcher met to discuss the proposed manual linkages and resolved two 
differences between the linkages made by the two researchers.  
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be linked to systems, which led to four additional Compendium systems with at least one group 
practice; we list the group practice names and systems in Appendix B.  

5. Final group practice linkage file 
Table III.3 reports the number of group practices and physicians linked through each step and in 
total in the final group practice linkage file. We linked 6,157 group practices with 329,124 
physicians to Compendium systems. Thus, 15.7 percent of the 39,103 group practices (with two 
or more physicians) and 56.3 percent of the 585,012 physicians in these group practices are 
linked to Compendium systems.  

Table III.3 also reports analogous figures from the 2016 group practice linkage file. The 
percentages of group practices and physicians in systems in 2018 are higher than in 2016, 
when 5,330 of 41,153 group practices (13.0 percent) and 288,004 of 556,858 (51.7 percent) of 
physicians were linked to systems.xli In addition, we report the comparison of 2016 and 2018 
linkages overall and by approach in Appendix A. The numbers of group practices and 
physicians linked to systems increased for most combinations of approaches, with the largest 
increase coming from group practices and physicians linked through the DSP, Org-NPI, and 
HOPD approaches.  

Table III.3. Number of group practices linked to systems in 2016 and 2018 

Step in the Process 

2018 2016 
Number of 

Group 
Practices  

Number of 
Physicians  

Number of 
Group 

Practices  
Number of 
Physicians  

Linkages through CCN approach 1,399 75,014 1,336 67,899 
Linkages through two or more other 
approaches 

4,526 244,583 3,664 206,409 

Name matching . .   
To adjudicate discrepancies 46 1,305 37 1,717 
To corroborate linkage through a 
single approach  

174 5,561 279 8,456 

Manual review to adjudicate additional 
discrepancies 

7 2,473 11 3,237 

Manual review of possible linkages to 
systems with no linked group practices 
through prior steps 

5 188 3 286 

Total in systems  6,157 329,124 5,330 288,004 

 
xli Fewer group practices had two or more physicians in 2018 than in 2016 (39,103 compared with 41,153) but these 
group practices had more physicians (585,012 compared with 556,858). There were 33,718 group practices in 2016 
and 2018 (7,435 in only 2016 and 5,385 in only 2018). Of the 33,718 TINs in 2016 and 2018, 3,845 are linked to 
systems in both years, 27,249 are not linked to a system in both years, 794 are linked to a system in 2016 but not in 
2018, and 1,830 are linked to a system in 2018 but not in 2016. Of the 794 group practices linked to systems in 2016 
but not in 2018, many are hospital-based specialty groups whose affiliations in 2018 have expanded beyond one 
system and thus are less obviously aligned with the prior system. Many just met the thresholds to be accepted 
linkages in 2016, but a small change led to their not meeting the thresholds in 2018. 
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IV. Contents of the Group Practice Linkage File 
A. Variables Included in the Group Practice Linkage File 
Table IV.1 contains the variables included in the final group practice linkage file. The file 
includes two variables that can be used to directly identify group practices: (1) the TIN legal 
name, taken from a combination of the constructed 2018 fee-for-service MD-PPAS v2.3 file, MA 
data, and PECOS; and (2) the PECOS Associate Control ID (PAC ID), which is assigned in 
PECOS to uniquely identify Medicare enrollments.xlii For group practices linked to Compendium 
systems, the linkage file also contains the unique Compendium health system IDs and system 
names, which link directly to the Compendium of U.S. Health Systems. In addition, the linkage 
file includes five variables taken directly from the constructed 2018 MD-PPAS v2.3 file that can 
be used to link the data to the MD-PPAS data:  

1. TIN name from MD-PPAS,  
2. State where the plurality of the TIN’s NPIs are located,  
3. Total number of physicians in the TIN,  
4. Total number of nurse practitioners and physician assistants in the TIN, and  
5. Total number of line items billed through the TIN.xliii  

The second TIN name variable overlaps substantially with the first TIN name on the linkage file, 
except that it only includes values from the fee-for-service MD-PPAS file; that is, it does not 
include TIN names from the MA data or PECOS when MD-PPAS is missing the TIN name.  

Finally, the file includes a flag that identifies the TINs in the 2018 group practice linkage file 
found in the 2018 MA data but not the fee-for-service MD-PPAS file and thus will not link to the 
official 2018 MD-PPAS data. AHRQ added this set of variables to enable users to link the file to 
the 2018 MD-PPAS data. Because the 2018 group practice linkage file was created using a 
constructed version of the 2018 MD-PPAS data using version 2.3, the current version of the 
linkage file will not perfectly merge with the official 2018 MD-PPAS v2.4 data when they are 
released.  

Appendix C contains a data dictionary for the linkage file. Appendix D provides a step-by-step 
summary of how users can link the group practice linkage file to the MD-PPAS data. 

  

 
xlii We obtained the TIN name from Medicare Advantage data or PECOS when the name was missing from the 
constructed 2018 fee-for-service MD-PPAS v2.3 file. The group practice linkage file does not include the actual TIN of 
the group practice, because this information is not publicly available elsewhere and thus cannot be included in the file.  
xliii A small number of TINs had zero or one reported physician based on information in the 2018 fee-for-service 
MD-PPAS data. It is possible for a TIN to have fewer than two physicians in the fee-for-service MD-PPAS data 
because we supplement these data with Medicare Advantage data (see section II.A); thus, these TINs have two or 
more physicians in the combined Medicare Advantage and constructed fee-for-service MD-PPAS v2.3 file.  
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Table IV.1. Variables included in the group practice linkage file 
Variable Description Source 

TIN name Group practice legal name  MD-PPAS; Medicare Advantage data; 
PECOS 

PAC ID PECOS Associate Control ID, used 
to uniquely identify Medicare 
enrollments, in this case, the group 
practices (TINs) 

PECOS 

Health system ID Compendium health system ID Compendium of U.S. Health Systems 
Health system name Compendium health system name  Compendium of U.S. Health Systems 

 
Variables from MD-PPAS to be used to link directly to the 2018 MD-PPAS data 

Variable Description Source 
TIN name Group practice legal name  MD-PPAS 
State State in which the plurality of the 

group practice’s NPIs are located 
MD-PPAS 

Number of physicians Total number of physicians in the 
TIN (based on primary TIN 
assignment) 

MD-PPAS 

Number of nurse 
practitioners and 
physician assistants 

Total number of nurse practitioners 
and physician assistants in the TIN 

MD-PPAS 

Number of line items Total number of line items from 
Medicare claims billed through the 
TIN 

MD-PPAS 

MA-only TIN A flag indicating that the TIN is 
only found in the 2018 Medicare 
Advantage data, not in the 2018 
fee-for-service MD-PPAS data; 
only TINs with a value of zero for 
this variable will link to the MD-
PPAS data. 

Medicare Advantage data 

B. Linking the Group Practice Linkage File to Other Data Sources 
Users of the group practice linkage file can link the data to other data sources through the TIN 
organization name or PAC ID. For example, users can link the data using PAC ID to files 
derived from PECOS, such as the Public Provider Enrollment data or the Physician Compare 
National Downloadable File.xliv  

Through any of the linkages described in this section, users can identify the physicians in the 
group practices and thereby the physicians tightly affiliated with the Compendium health 
systems. In turn, users can link information in Medicare claims data to systems using physician 
NPIs. By making such linkages possible, the group practice linkage file enables users to examine 

 
xliv These data are available at https://data.cms.gov/public-provider-enrollment and https://data.medicare.gov/data/ 
physician-compare. 

https://data.cms.gov/public-provider-enrollment
https://data.medicare.gov/data/%20physician-compare
https://data.medicare.gov/data/%20physician-compare
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a wide variety of issues related to the relationships between group practices (and their 
physicians) and systems and how group practices in systems compare with those not in systems.  

1. Using the TIN name to link TINs to other data sources 
The vast majority (98.6 percent) of group practices in the linkage file have unique TIN names 
(Table IV.2). Users can link the data to other data sources that use the TIN names from the MD-
PPAS data, such as data from the Internal Revenue Service’s 990 forms, which include 
information on nonprofit hospitals. 
 
Table IV.2. Summary of unique and repeated TIN names 

 Number of Group 
Practices 

Percentage of 
Group Practices 

All group practices in the linkage file .  .  
With unique names 38,560 98.6% 
With names repeated one or more times 543 1.4% 

Group practices in health systems  .    . 
With unique names 5,934 96.4% 
With names repeated one or more times 223 3.6% 

Group practices not in health systems . . 
With unique names 32,626 99.0% 
With names repeated one or more times 320 1.0% 

 
2. Using the PAC ID to link TINs to other data sources 
PAC ID is a unique identifier assigned by PECOS to identify Medicare enrollments. PAC IDs 
have an almost one-to-one relationship with group practices; 0.1 percent of group practices (45 
of 39,103) link to more than one PAC ID. PAC ID can be used to link the group practice linkage 
file to files derived from PECOS, such as the Public Provider Enrollment data, which can then be 
used to link the TIN and other PECOS enrollments to the group practice and Compendium 
systems. The PAC ID can also be used to link the group practice linkage file to the Physician 
Compare National Downloadable File, which can be used to link physicians and performance 
information to the group practices and Compendium systems.  

C. Comparison of Physician Counts in the Group Practice Linkage 
File and 2018 Compendium 

The 2018 Compendium of U.S. Health Systems contains aggregate counts of all physicians and 
primary care physicians. As described in detail in the Compendium’s technical documentation, 
the counts represent the highest counts across the key data sources (OneKey and AHA) used to 
generate the 2018 Compendium. These counts varied substantially between the two data sources, 
representing both differences in the physicians included in the counts and the underlying 
approaches used by the data sources to identify physicians linked to systems.  

Table IV.3 contains information on physician counts reported in the 2018 Compendium and in 
the group practice linkage file. The latter are calculated as the sum of physicians in the group 
practices linked to the systems. The count of physicians for a group practice is calculated as the 

https://www.ahrq.gov/sites/default/files/wysiwyg/chsp/compendium/2018-compendium-techdoc.pdf
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physicians in the constructed MD-PPAS v2.3 file combined with the MA data (that is, those 
billing Medicare Part B or Medicare Advantage) for which the group practice is the primary TIN 
for the physician.  

Table IV.3. Comparison of system-level physician counts 
  Number of 

Systems 
Physicians Linked to Systems 

Mean Minimum Maximum 
Total physicians  . . . . 
Compendium  637 927 51 24,955 
Group practice linkage file 637 516 2 21,032 
Difference  0 411 49 3,923 
Primary care physicians  . . . . 
Compendium  634 286 11 11,090 
Group practice linkage file  627 147 1 8,910 
Difference  7 139 10 2,180 

Note: The number of systems listed is the number of systems with at least one physician (or primary care physician) 
reported in the 2018 Compendium or linked through a group practice in the 2018 group practice linkage file. For 
example, all 637 systems have at least one group practice and two physicians linked to them in the group practice 
linkage file. The number of systems with a primary care physician based on the counts in the Compendium is 634 
because three systems are only found in the AHA data, which does not include counts of primary care physicians 
(only total physicians). The specialties indicating primary care are adolescent medicine, family medicine, geriatrics, 
general practice, internal medicine, and pediatrics.  

All 637 Compendium systems had at least one group practice assigned to them in the group 
practice linkage file. Furthermore, 554 systems (87.0 percent) would meet the inclusion criteria 
for a Compendium system (that is, 50 total physicians and 10 primary care physicians) if we 
used the group practice linkage file physician counts (results not reported).  

However, when comparing physician counts at the system level, we found some notable 
differences between the Compendium physician counts and the group practice linkage file 
counts. Specifically, we identified fewer total physicians and primary care physicians per system 
in the group practice linkage file. The average number of physicians in a system based on the 
Compendium count was 927 compared with 516 based on the group practice linkage file. In 
addition, some systems had fairly large differences (for example, one system has 14,064 
physicians reported in the Compendium but only 4,628 physicians based on the group practice 
linkage file).  

While most systems had higher physician counts based on the Compendium, a small number of 
systems had higher counts based on the group practice linkage file. For example, one system had 
246 physicians reported in the group practice linkage file but only 169 physicians based on the 
Compendium. 

Since the total number of physicians reflected in the group practice linkage file is much lower 
than totals reported in the Compendium (521,709 compared with roughly 1 million physicians), 
differences between the systems’ physician counts are to be expected. Some of the difference in 
physician counts is due to the group linkage file being based on physicians in the constructed 



 

2018 Group Practice Linkage File Technical Documentation 33 

MD-PPAS v2.3 file, which only includes physicians billing Medicare Part B, and the restriction 
to group practices with two or more physicians (thus excluding physicians in solo practices).  

As expected, many of the systems with the largest differences in physician counts are children’s 
systems or systems with large numbers of pediatricians, who are less likely to bill Medicare for 
services. Furthermore, in the Compendium data, when a physician is linked to more than one 
system, the physician is included in the counts for all of their systems. In the group practice 
linkage file, physicians can only be linked to one system, based on the primary TIN designation 
in the constructed MD-PPAS v2.3 file. This difference also contributes to the higher counts in 
the Compendium.  

Finally, the counts of primary care physicians in the Compendium could be higher because they 
include physicians who focus primarily on the care of hospitalized patients (hospitalists). For the 
Compendium, because the data sources used to determine systems’ physician counts do not 
indicate the setting, the counts for primary care physicians include some hospitalists. In contrast, 
the source for physicians in the group practice linkage file, the constructed MD-PPAS v2.3 file, 
identifies hospitalists, which enables us to remove them from counts of primary care physicians.  

V. Caveats and Limitations 
We note several caveats and limitations related to the methods used to create the group practice 
linkage file, its contents, and uses of the file. First, the group linkage file only includes group 
practices with physicians in the constructed 2018 MD-PPAS file; that is, physicians billing 
Medicare Part B in 2018. Similarly, the file only includes group practices with two or more 
physicians (although physicians in solo practice can also be identified in MD-PPAS). Thus, the 
group practice file does not represent linkages to systems for solo practices or physicians and 
practices that do not bill Medicare Part B (for example, many pediatric practices). However, the 
file represents the majority of physicians practicing in the United States in 2018. For example, 
compared with the count of physicians represented in the Compendium, which includes all active 
physicians in 2018, the group practice linkage file reflects nearly 60 percent of physicians.  

Although information on system affiliation for solo practices is not included in this file, 
anecdotal evidence suggests it is unlikely that many solo practices identified in the constructed 
MD-PPAS v2.3 file were part of systems. When purchasing solo practices, systems typically 
incorporate these solo physicians into other larger TINs that are part of the system. Thus, these 
formerly solo physicians would likely be in a larger TIN and thus counted as part of the system 
in the group linkage file. Nonetheless, it is important for users to consider the composition of the 
linkage file when linking it to other data sources and how it could affect the planned analysis. 

Although we required corroborating evidence to link group practices to systems (except for the 
CCN approach), it is still possible that we have mistakenly linked some group practices to 
systems (that is, false positives). It could be that two of the approaches mistakenly linked a group 
practice to the same system; for example, the DSP and Org-NPI approaches both rely in part on 
linkages made in the OneKey data (NPIs and medical group locations, respectively), and the 
linkages may be incorrect or out of date, or they may not quite reflect the ownership or tight 
management relationships intended by the linkage file.  
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It is also possible that a group practice could be mistakenly linked to a system through the CCN 
approach if a hospital (CCN) linkage to the system was incorrect. Similarly, the thresholds we 
use for the various approaches generally require a majority of physicians or beneficiary dates of 
service to link to a given system, but these thresholds could be too lenient, which would lead to 
too many linkages. Conversely, the thresholds could be too strict, which would lead to too few 
linkages. Ultimately, we chose thresholds that would identify defensible linkages for the vast 
majority of group practices in systems, and we required linkages to be confirmed through 
another approach. 

In the hospital-based billing approach, inpatient and emergency department services may not be 
a good indicator of system ownership or tight management for cases in which services are 
provided by independent medical staff or physicians are employed by a large national company. 
In addition, the hospital-based billing approach could create false positives for group practices 
with percentages measured by relatively few services provided through hospital-based settings. 
To minimize false positives, we required evidence from two or more approaches to be more 
confident regarding the group practices assigned to systems. 

We acknowledge that the requirement to confirm linkages through another approach may result 
in missing some number of group practices that should be assigned to systems (false negatives). 
For example, the hospital-based billing approach may not identify group practices that are owned 
but not billing through an HOPD (such as off-campus practices). Because users can link the file 
to other data sources, they can make further decisions regarding whether group practices in the 
data should be linked to systems.  
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Appendix A. Combinations of the Four Approaches Used in 
the Final Set of Group Practice Linkages in 2016 and 2018 

CCN = CMS Certification Number; DSP = dominant system percentage; HOPD = hospital outpatient department; 
Org-NPI = organizational NPI. 

Approaches  

2018 2016 
Group 

Practice 
Count 

Physician 
Count 

Group 
Practice 
Count 

Physician 
Count 

CCN 155 1,179 175 1,076 
CCN, DSP 95 856 121 1,184 
CCN, DSP, HOPD 278 15,140 248 15,945 
CCN, DSP, All hospital-based settings 85 1,882 113 1,970 
CCN, HOPD 141 1,939 237 5,787 
CCN, All hospital-based settings 62 512 70 854 
CCN, Org-NPI 15 98 2 14 
CCN, Org-NPI, DSP 123 2,353 72 1,327 
CCN, Org-NPI, DSP, HOPD 359 49,119 242 38,336 
CCN, Org-NPI, DSP, All hospital-based 
settings 

61 1,583 45 1,143 

CCN, Org-NPI, HOPD 19 282 8 243 
CCN, Org-NPI, All hospital-based settings 6 71 3 20 
DSP 44 740 34 1,726 
DSP, HOPD 1,021 61,545 914 64,558 
DSP, All hospital-based settings 1,414 25,683 1,820 30,229 
HOPD 74 3,490 182 5,638 
All hospital-based settings 53 1,457 61 1,341 
Org-NPI 8 62 5 37 
Org-NPI, DSP 342 12,653 149 12,457 
Org-NPI, DSP, HOPD 1,332 138,699 729 100,429 
Org-NPI, DSP, All hospital-based settings 249 5,237 41 731 
Org-NPI, HOPD 184 3,801 54 2,877 
Org-NPI, All hospital-based settings 37 743 5 82 
Total   6,157  329,124  5,330  288,004 
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Appendix B. TINs Assigned Through Manual Review 
TIN Name Assigned Health System 

Group practices originally linked to different systems  
Colorado Permanente Medical Group Pc HSI00000536/Kaiser Permanente 
Dlp Western Carolina Physician Practices Llc HSI00000584/Lifepoint Health 
Emergency Professional Services Pc HSI00000073/Banner Health 
Harbor Medical Associates Inc HSI00000813/Partners Healthcare System Inc 
Louisiana State University School Of Medicine in New Orleans Faculty Group 
Practice 

HSI00000559/LSU Healthcare Services Division 

Medical Clinic Of North Texas, Pllc HSI00001130/USMD Holdings Inc 
The Southeast Permanente Medical Group HSI00000536/Kaiser Permanente 
Group practices linked to systems previously with no group practices  
Bradley B. Bailey, md And Roger B. Schechter, Md, Inc. HSI00000809/Palomar Health 
Children’s Surgical Foundation Inc HSI00000036/Ann and Robert H Lurie Childrens Hospital 
North Brevard Medical Support Inc HSI00000812/Parrish Healthcare 
Pediatric Anesthesia Associates Ltd HSI00000036/Ann and Robert H Lurie Childrens Hospital 
Pediatric Faculty Foundation Inc HSI00000036/Ann and Robert H Lurie Childrens Hospital 
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Appendix C. Data Dictionary 

Variable Name 
Variable 

Type Description 
tin_name Character TIN name from MD-PPAS (filled in with TIN name 

from Medicare Advantage data or PECOS if missing 
in MD-PPAS) 

pac_id Character Unique PECOS Associate Control ID assigned by 
PECOS 

health_sys_id Character Unique system ID 
health_sys_name Character Health system name 
tin_name_md_ppas Character TIN name from MD-PPAS  
state_md_ppas Character State in which the plurality of the group practice’s 

NPIs are located 
md_do_md_ppas Numeric Total number of physicians in the TIN (based on 

primary TIN assignment) 
np_pa_md_ppas Numeric Total number of nurse practitioners and physician 

assistants in the TIN 
service_lines_md_ppas Numeric Total number of line items from Medicare claims billed 

through the TIN 
ma_only_tin Numeric A flag indicating that the TIN is only found in the 2018 

Medicare Advantage data, not in the 2018 fee-for-
service MD-PPAS data; only TINs with a value of zero 
for this variable will link to the MD-PPAS data. 
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Appendix D. Linking the Group Practice Linkage File to 2018 
MD-PPAS Data 
Linking the group practice linkage file with the 2018 MD-PPAS data requires (1) processing the 
2018 MD-PPAS data to a primary TIN level to create the set of five variables that uniquely 
identify a TIN; and (2) merging to the group practice linkage file by those five variables. We 
describe the steps and provide sample SAS code for merging the two files. 

Step 1: Processing the 2018 MD-PPAS data 
1.1. Identify the most common State within a TIN. 

For each TIN, we counted the number of NPIs within each State. Most TINs will include NPIs in 
a single State; however, some TINs have NPIs located in more than one State. We assigned each 
TIN the State reported most frequently for the NPIs in the TIN. For TINs with multiple States 
and the same number of NPIs in more than one State, we selected the first State by alphabetical 
order. The SAS code for this step is: 

proc sql; 
  create table count_npi_state as 
  select tin1 as tin 
        ,state as state_md_ppas 
  ,count(*) as number_of_npi 
  from {insert 2018 MD-PPAS filename} 
  group by tin1 
          ,state; 
quit; 
 
proc sort data=count_npi_state; 
  by tin descending number_of_npi state_md_ppas; 
run; 
 
data tin_state; 
  set count_npi_state; 
  by tin descending number_of_npi state_md_ppas; 
  if first.tin; 
run; 

1.2. Identify primary TIN name, counts of TIN specialties, and line items billed. 

For each TIN, we selected the primary TIN name and created the following count variables: 

• The number of NPIs with specialty codes indicating Physician (broad specialty not equal 
to 7 [Non-Physician] or 9 [Specialty Unknown])  

• The number of NPIs with primary specialty codes indicating Nurse Practitioner (50) or 
Physician Assistant (97) 

• The number of line items billed to TIN by all NPIs within the TIN 
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Some TINs in the MD-PPAS data are missing primary TIN Name; however, with the 
combination of the most common State, the counts of physicians, nurse practitioners, and 
physician assistants, and the counts of lines billed, the TIN will merge to a unique TIN in the 
group practice linkage file. The SAS code for this step is: 

proc sql; 
  create table tin_name_counts as 
  select tin1 as tin 
        ,tin1_legal_name as tin_name_md_ppas 
   ,sum(case when spec_broad ~in (7,9) then 1 else 0 end) as 
md_do_md_ppas 
   ,sum(case when spec_prim_1 in ("50","97") then 1 else 0 end) 
as np_pa_md_ppas 
   ,sum(npi_srvc_lines) as service_lines_md_ppas 
  from {insert 2018 MD-PPAS filename} 
  group by tin1 
          ,tin1_legal_name; 
quit; 

Step 2: Merging to the group practice linkage file 
1.3. Merge the TIN files to create a TIN-level MD-PPAS file with the five variables needed to 
merge with the group practice linkage file. 

Merge the two TIN-level files created in steps 1.1 and 1.2 by primary TIN. The merged file will 
include the following variables and can be merged uniquely to the group practice linkage file: 

• TIN 
• STATE_MD_PPAS 
• TIN_NAME_MD_PPAS 
• MD_DO_MD_PPAS 
• NP_PA_MD_PPAS 
• SERVICE_LINES_MD_PPAS 
• NUMBER_OF_NPI – variable not needed for merging to the group practice linkage file 

The SAS code for this step is: 

data md_ppas_tins; 
  merge tin_state  
        tin_name_counts; 
  by tin; 
run; 

1.4. Merge the TIN-level MD-PPAS file with the group practice linkage file. 

Merge the TIN-level MD-PPAS file created in steps 1.1-1.3 to the group practice linkage file 
after limiting the group practice linkage file to TINs with at least one NPI with fee-for-service 
beneficiaries (MA_ONLY_TIN = 0).  This will be a one-to-one merge, in which each record in 
the group practice linkage file merges to one TIN in the MD-PPAS data.  
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The SAS code for this step is: 

data md_ppas_gplf; 
  merge md_ppas_tins (in=mdppas)  
        {insert group practice linkage file filename} (in=gplf 
where=(ma_only_tin = 0)); 
  by tin 
     state_md_ppas 
     tin_name_md_ppas 
   MD_DO_md_ppas 
   NP_PA_md_ppas 
     service_lines_md_ppas; 
 
  if mdppas and gplf; 
run; 
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