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Technical Appendix A: Validation of the Physician Data

Physician Data. 
The main physician data come from two IQVIA databases, the SK&A Physician database linked to the SK&A Integrated Health System (IHS) database, 2010-2016. Our office-based primary care physician (PCP) subsample from SK&A consists of internal medicine, family medicine, general practice, pediatrics, and geriatric medicine. The number of PCPs here matches with 97.1% of the AMA Physician Masterfile census of PCPs estimated to be practicing in the U.S. by the Agency for Health Research and Quality (AHRQ).[endnoteRef:1]  Many of the physicians not found in the SK&A data were found in IQVIA’s Health’s Healthcare Data Solutions (HDS) Hospital-Based Physicians data. While we include hospital-owned office-based PCPs, we do not include hospital-based physicians in our sample since they generally are not usual sources of care for consumers shopping for a PCP. Using the 2016 IBM Watson Health’s MarketScan outpatient claims data, we find that only about 3% of commercially insured PCP visits were “on campus” hospital visits.    [1:  Agency for Healthcare Research and Quality. The Number of Practicing Primary Care Physicians in the United States. Primary Care Workforce Facts and Stats No. 1. September 2012. Agency for Healthcare Research and Quality, Rockville, MD. http://www.ahrq.gov/research/findings/factsheets/primary/pcwork1/index.html (accessed April 13, 2017).] 


In terms of hospital ownership of practices, Baker et al. (2016) conclude that ``...SK&A is broadly consistent with AHA and other nationally representative sources of information.”[endnoteRef:2]   The main discrepancy they find between AHA and SK&A is that, in 2012, AHA reports 213,130 physicians owned by hospitals, while SK&A reports 105,538. However, using IQVIA’s HDS Hospital-Based Physicians data, we find that 49% of hospital-owned physicians are hospital-based. So, if we recast Baker et al.’s (2016) numbers in terms of only office-based physicians as SK&A does, we estimate that AHA predicts 108,696 office-based physicians owned by hospitals. This is within 3% of SK&A’s 105,538 number. Thus, we are confident that SK&A is capturing nearly all of the office-based PCPs in the US. [2:  Baker LC, Bundorf MK, Devlin AM, Kessler DP. Hospital Ownership of Physicians: Hospital Versus Physician Perspectives. Medical Care Research and Review, November 2016,1–12.] 



Accounting for Ownership Structure.
To account for the hospital and/or system ownership of the physician, we need to group the doctors into their overarching ownership structures (within that micro-market). Many of these owners are large systems. A comprehensive file of these systems can be found in the AHRQ Systems Compendium.[endnoteRef:3] Following the hierarchal method of Baker et al. (2014), we first assign SK&A physicians to integrated health system ownership, then to hospital, then to medical group, and then to practice (by practice, we mean an office at one single location). They find this SK&A classification to be robust. In comparing HHIs created from this SK&A ownership classification to HHIs based on ownership identified by practice Tax Identification Numbers (TINs) in Medicare claims data, they find a 98% or higher correlation.[endnoteRef:4] Moreover, using Medicare TINs from Medicare Provider Enrollment, Chain and Ownership System (PECOS) database, Kronick et al. (2016) find low 5% false positive and false negative rates in SK&A’s system ownership of physicians.[endnoteRef:5] About 5% of physicians that SK&A assigns to a system appear to be assigned incorrectly, while about 5% that SK&A does not assign to a system should have been. [3:  Agency for Healthcare Research and Quality. 2019. Compendium of U.S. Health Systems, 2016. https://www.ahrq.gov/chsp/compendium/index.html (accessed July 2, 2019).]  [4: Baker LC, Bundorf MK, Royalty AB, Levin Z. Physician practice competition and prices paid by private insurers for office visits. JAMA. 2014, 312(16):1653-1662. See online supplement.]  [5:  Richard Kronick, Jason Sutherland, Michael Furukawa, and Larry Casalino. Two out of Five Physicians in the US are in a Practice that is Owned by a Vertically Integrated Health System, but the fraction varies widely across the Country. 2016. AHRQ: Rockville, MD.] 



In terms of the practice level, the SK&A distribution of practices by size matches very closely with that found in the American Medical Association’s (AMA’s) 2014 Physician Practice Benchmark Survey.[endnoteRef:6]  The overall SK&A number of practices matches that found in IQVIA’s other physician database, the Healthcare Organizational Services (HCOS) database, by within 1%. Thus, SK&A is very consistent with Medicare data, AHA data, AMA data, and other proprietary databases in terms of physician ownership. Finally, in the AHRQ MEPS Medical Organizations Survey (MOS), we construct an integrated office variable =1 if the office is self-reported in MOS as being owned by a hospital or corporation.  This lines up well with the SK&A data applied to the MOS offices, with a mean of 29% of patients in integrated offices based on the self-reported definition, compared to mean of 31% in integrated offices based on the SK&A definition. [6:  Carol K. Kane. Updated Data on Physician Practice Arrangements: Inching Toward Hospital Ownership. Chicago (IL): American Medical Association. AMA Economic and Health Policy Research 2015-3, July 2015. https://www.ama-assn.org/sites/default/files/media-browser/premium/health-policy/prp-practice-arrangement-2015.pdf (accessed April 25, 2017).] 


Technical Appendix B: Physician Micro-Simulation Model: Construction of Physician Concentration Measure

Here we estimate the Herfindahl-Hirschman Index (HHI) for primary care physicians.

Physician Data. 
We will use all 1.4 million office-based PCP’s from IQVIA’s full SK&A data 2010-2016.  

Patient Data. 
[bookmark: _Ref6830219][bookmark: _Ref6830240]While we have all office-based physicians in the US, we do not have all US patient usual source of care (USC) visits to an office. There is no existing dataset with the universe of office visits. So, following recent physician work of Dunn and Shapiro (2018, 2014), we take a Representative Consumer Approach.[endnoteRef:7] [endnoteRef:8] We take the centroid of each census tract in the US to be a representative consumer who might need a PCP office visit. These 72,000 tracts each on average represent 4,000 people in the neighborhood. Using the MEPS’ Medical Organizations Survey (MOS), we find that 90% of people travel up to 30 minutes to visit their usual source of care (USC) for an office visit. Thus, for each tract, we take the micro-market to be a 30 minute travel time radius about the centroid. Unlike Dunn and Shapiro, our travel time from tract to each IQVIA PCP in the micro-market is not based on Google Maps (which may distort travel times due to real-time traffic events), but, on a more recent algorithm by Huber and Rust using the Open Source Routing Machine (OSRM) and OpenStreetMaps.[endnoteRef:9]   [7:  Dunn, Abe, and Adam Hale Shapiro. 2014. “Do Physicians Possess Market Power?” Journal of Law and Economics 57 (1): 159–93. ]  [8:  Dunn, Abe, Adam Hale Shapiro. 2018.  "Physician Competition and the Provision of Care: Evidence from Heart Attacks." American Journal of Health Economics, 4(2): 226-261.]  [9:  S. Huber and C Rust. Osrmtime: Calculate Travel Time and Distance with OpenStreetMap Data Using the Open Source Routing Machine (OSRM). Stata Journal, March, 2016: vol  ii, 1-8.] 


Probability of Visiting a PCP.
Next, for each PCP in the tract’s micro-market, we estimate the probability of an office visit for the tract’s representative consumer. Dunn and Shapiro (2018, 2014) do not estimate the probability, but simply compute the probability by assuming a uniform distribution over preferences for doctors based on travel time (e.g., if there are only two doctors in the market, each equi-distant from the tract centroid, then each is assigned a 50% probability of a visit).3 4 In contrast, we will use data on actual patient choices to estimate visit probabilities using a random utility model. We use the 2015 MEPS MOS, which is nationally representative of all people in U.S. that had a visit during the year to their USC.[endnoteRef:10] First, using everyone in the MOS, we place them in their census tract micro-market and estimate their choice of primary care physician (in IQVIA) using a conditional (fixed effects) logit model (see Chamberlain 1980)[endnoteRef:11], allowing an outside option for travel beyond 30 minutes, and accounting for the complex survey design of MOS.  Covariates are driving travel time to doctor, time squared, office characteristics (other than quality), and travel time interactions with census tract demographics:  income, education, poverty, labor force, unemployed, male, age, race, industries, rural, uninsured, commercially insured, and rate of disability. This estimate was based on 5,178 people with a Cartesian product of 6.5 million observations (people x doctors) in the conditional fixed effects logit. Note that a “doctor” in the Cartesian product and subsequent HHI computations is a “doctor-location.” Once this utility model is estimated, we apply these estimates to the general Cartesian product for all 72,000 representative consumers (census tracts) to predict their utility for each IQVIA doctor in their micro-market (and the outside option). Expanding this to the 7 year period 2010-2016, this general Cartesian product has 542 million observations. Using the softmax function, the utilities are converted into a probability distribution (i.e., micro-market shares) over all doctors in the tract’s micro-market.    [10:  Stagnitti, M.N., Moriya, A., Soni, A., Wolford, M., Zodet, M. Characteristics of Practices Used as Usual Source of Care Providers during 2015—Results from the MEPS Medical Organizations Survey. Statistical Brief #502. April, 2017. Agency for Healthcare Research and Quality, Rockville, MD. http://www.meps.ahrq.gov/mepsweb/data_files/publications/st502/stat502.pdf]  [11:  Chamberlain, Gary, Analysis of Covariance with Qualitative Data, The Review of Economic Studies, 1980, 47 (1), 225-238.] 


Accounting for Ownership Structure.
Now that we have probabilities for each doctor in a micro-market, to compute the HHI, we need to group the doctors into their overarching ownership structures (within that micro-market). Using the SK&A organization hierarchy in Appendix A, we partition all the doctors in each micro-market into their mutually exclusive organizational units. For example, if there are 10 doctors in a micro-market---3 in a system, 2 in solo practices, and 5 in a hospital-owned medical group---we divide this micro-market into a total of four organizational units. We then aggregate physician probabilities to these organizational units. 

Estimation of the HHIs.
[bookmark: _Ref6831294]Here, we return to the 30-minute micro-markets. First, for the patient visit probability distribution across organizational units in the micro-market, we compute the HHI as the sum of the squared probabilities across the units (see Gowrisankaran and Town (2003) for this utility-based approach to hospital HHIs).[endnoteRef:12] Following a similar method of Kessler and McClellan (2000)[endnoteRef:13] for hospitals (reviewed by Dranove and Ody (2016)[endnoteRef:14]), we then create a physician-level HHI by creating a weighted average of the HHIs from all the micro-markets where that doctor is expected to draw patients with a positive probability (weighted by tract population multiplied by the doctor’s probability of a visit from that market).  [12:  Gowrisankaran, G., and R. Town (2003). Competition, Payers, and Hospital. HSR 38:6,1403-1421.]  [13:  Kessler, Daniel, and Mark McClellan. 2000. Is Hospital Competition Socially Wasteful? Quarterly Journal of Economics 115:577–615.]  [14:  Dranove, D., and C. Ody. 2016. Evolving Measures of Provider Market Power. American Journal of Health Economics 2(2): 145–160.] 


Next, the HHI of a practice is simply the mean HHI of its PCPs. In most cases, the practice and its doctors will have the same HHI, since they all are at the same location and fall under the same organizational unit (and since the random utility model used practice characteristics). Finally, HHI is aggregated to the MSA of the PCP, by year, using a weighted average based on number of PCPs in each organizational unit in the MSA.

Robustness check.
While MOS is nationally representative, our sample size is only 5,178 people. To check the robustness of our estimates of patient choice of PCP, we repeat the same analysis using FFS Medicare data and estimate a second random utility model, now using CMS’s Standard Analytic Files (SAF) for office visit claims and using Medicare PCPs (not IQVIA PCPs). This conditional logit estimate has 213,000 people with a Cartesian product of 92 million observations (this is a .0125 random sample of the SAF, due to computational issues for any larger random sample). We then run all 72,000 representative consumers (census tracts) and their general Cartesian product (with IQVIA PCPs) though that model. At the MSA level, this Medicare-derived HHI has a .96 correlation with our MEPS MOS HHI, assuring us that the MOS HHI measure is robust. Also, the results of our paper are robust if we were to restrict MOS to privately-insured patients and simulated HHI on only privately-insured population. 




Technical Appendix C: Proofs 

Proof of Proposition 1: For mathematical convenience, we will assume for nonmovers even though they experience no change in integration by moving. This assumption is innocuous since we always nevertheless have for nonmovers. In the proof of Proposition 1 in Sun and Abraham (2020) [SA], we first replace the column vector  with a version multiplied by delta:  *1{t −Ei = ℓ}𝖳, a vector with elements indexed by ℓ=-4 to -2, 0 to 4, where we are using notation ℓ instead of g since all our bins g are singletons (i.e., no binning or trimming). Then, ignoring covariates X, partialling out the unit and time fixed effects, regression (3) is

using the time- and cross-sectional demeaned version of (3). By the idempotent property of
SA’s Lemma 1, we have  Thus, the TWFE estimator for (C1) is


where  is a column vector with one in the entry corresponding to the entry of 1{t −Ei = }* in  , and zero otherwise. Next, since is time-invariant,  by double demeaning (SA Lemma 1). Then idempotence from SA’s Lemma 1 gives us Next, note that we can replace the right-most term in (C2) with


Next, our proof diverges from SA’s proof. Define 


Under Assumptions 1 and 4, x is time-invariant. Thus, the double demeaning of x yields =0 by SA’s Lemma 1. Then idempotence from SA’s Lemma 1 gives us Using this last result, we write (C3) as the following, in place of SA’s (B.4):


From here, we can return to SA’s proof. First, we redefine SA’s f(,t) as 

Using (C5) and (C4), we can then write (C3) as

Note that f( under Assumption 4. Thus, following SA, we can further discretize f in (C5) as 




 Plugging (C8) into (C6), equation (C6) now can be written as



With (C9) we can write the estimator in (C2) as 



Note that  in (C11) is the TWFE estimated coefficient on for  regressed on the time and enrollee fixed effects and all the   terms ranging across  from –T to T. Finally, in (C11) we have





where the last two terms sum to zero under Assumptions 1 and 4. Finally, we show that the weights’s sum to one:






Thus, (C15) is the population regression coefficient on   from regressing     on  with time and enrollee fixed effects, which is just one.



Proof of Proposition 2: As in Sun and Abraham, assume no covariates to simplify the proof. We also assume their standard econometric assumptions on the data matrix, found in their Assumption 4. Let s= -1 be the reference event time (because we exclude relative period ℓ = −1). Then from (9), for  and t=  and   we have



For  and t=  we have



For  and t=  we have



For  and t=  we have


From (C16) and (C17), we have 


From (C18) and (C19), we have 


Since , )=0, combining (C20) and (C21) yields





Since s < e and  > e + ℓ, by Assumptions 1 and 3 we have  and thus






by Assumptions 1 and 2. Thus,    is an unbiased estimator of  The properties of  in (10) then follow directly from the proof of Sun and Abraham’s Propositions 5 and 6.




