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1 Introduction

Fee-for-service payments account for about half of physicians’ income in the United States. Not only have
FFS reimbursements been historically higher for specialty procedures than for typical primary-care proce-
dures, but the gap in reimbursements has also been increasing over the years. Since 1) the reimbursement
amount does not depend on the specialty of the physician who carries out the procedure, but only on the
procedure itself, and 2) specialty procedures have been compensated increasingly more over the years than
typical primary care procedures, this payment system generates financial incentives for primary care physi-
cians (PCPs) to substitute primary care procedures for more specialized, remunerative procedures whenever
possible. This paper focuses on a particular margin through which financial incentives arise: the urbanity
level of the area where the physician practices, that is, how rural or urban the location is. In particular, I
analyze how increases in the reimbursement rates for more-specialized procedures induce PCPs to carry out
the procedures themselves rather than referring the patient to a specialist, and shows that PCPs are able
to do so more, the more rural the area, because of the lower level of competition coming from specialists in

rural areas.

This paper makes two contributions: 1) it provides evidence of the importance of the urbanity margin when
financial incentives for PCPs arise, and 2) it provides evidence of the reallocation effect that such incentives
have on the specialty that carries out a given procedure, as PCPs respond to such incentives at the expense of
the specialists within the same geographical market of health care, because rural areas, with fewer specialists,
provide less competition. To do so, this paper studies how the financial incentives generated by fee-for-service
affect the demand for specialized procedures due to physicians inducing demand for the more remunerative,
specialized procedures. In particular, PCPs see patients first and decide whether to refer the patient to
a specialist. The reimbursement rate, therefore, generates a financial incentive that affects the decision of
PCPs to pass the procedure to a specialist rather than performing it themselves. If this is true, the data
should reveal that PCPs are better able to take up a higher share of specialty procedures, the more rural the
area, where fewer specialists practice. This paper provides evidence for this novel fact through data analysis,

which is the first contribution of this paper.

Second, to understand the reallocation of procedures among specialties discussed in this paper, it is important
to realize that the PCP take-up rate in the suddenly-more-remunerative procedures comes at the expense of
specialists. Academics and policymakers alike have contended that fee-for-service payment schemes generate
financial incentives for physicians. For example, case studies have found supporting evidence that fee-for-
service leads to overutilization of procedures without an underlying reason to be found in patient health
conditions (see, i.a., Ginsburg 2011; Hoangmai and Ginsburg 2007; Levin & Rao 2004, 2008). Nevertheless,
the focus on a particular set of procedures and/or specialties overlooks the reallocation of these procedures
between the specialty groups as procedures become more remunerative. If this effect is not included, the
entire take-up rate could be incorrectly attributed to overutilization, overstating the effect of the latter.
Therefore, this paper provides evidence that it is key to consider two complementary effects caused by fee-
for-service payment schemes: 1) a reallocation of the procedures carried out from specialists to PCPs for
any given total number of procedures, as shown here, and 2) the increase in the number of total procedures
carried out overall without an apparent increase in patients’ health issues, that is, overutilization, which is

not analyzed in this paper.



I use physician-procedure-level data from Medicare Part B throughout the paper. Medicare, the public
health insurance for the elderly, accounts for 20 percent of total health spending and uses a fee-for-service
reimbursement scheme for the original Medicare. Note, however, that the results in this paper are likely
to generalize to fee-for-service payment schemes outside of Medicare because the Medicare reimbursement
system has been documented to influence the payment system of about 80 percent of physicians in the
country (Clemens & Gottlieb 2017).

I start by studying how the procedures that PCPs perform vary along the urbanity index. To do so, I create a
specialization index of procedures using the data on all procedures carried out by all physicians participating
in Medicare Part B from 2012 to 2015. I then classify procedures based on the type of physicians who would
usually carry them out and focus on the procedures that can be carried out by all specialty groups. For
example, the administration of vaccines is only executed by PCPs, while the removal of bones and bone parts
is only done by specialists, and therefore both of these procedure types would be excluded; contrarily, EKGs
are carried out by both PCPs and specialists, and are therefore included in the analysis. In particular, this
paper focuses on treatments carried out by specialists 60-80 percent of the time and by PCPs the remaining
20-40 percent of the time.! The data show that PCPs take on more specialty procedures, the more rural the
area. I then run reduced-form tests to provide empirical evidence that the number of specialty procedures
carried out by PCPs and their probability to carry them out is affected by changes in the reimbursement
amount. I find that an increase in one unit of reimbursement for a given procedure—equal to an increase in
reimbursement of about $36—Ileads to the PCP carrying out that procedure three more times on average and

over a 45 percent higher probability of PCPs providing a higher number of the more remunerative procedure.

A recent paper that addresses the incentives generated by fee-for-service is Clemens and Gottlieb (2014).
Their analysis uses a 1997 change in Medicare geographical areas and focuses on two main procedures: MRIs
and procedures for cardiac patients, such as cataract surgeries. They find that a two-percent increase in
payment rates leads to a three-percent increase in care provision and that elective procedures respond more
strongly than non-discretionary services. This paper confirms, complements, and generalizes their analysis
along several dimensions. Notice that, among the physicians considered in this paper, the median procedure
carried out earns the physician a total of 36.45 relative value units, so that a unit increase is equivalent
to a 2.7 percent median increase in compensation. Out of those PCPs who perform specialty procedures,
performing a specialty procedure three more times is equal to a three-percent increase in the median number
of specialty procedures they perform. Therefore, these results suggest that the median PCP displays an
elasticity of 1.11 with respect to changes in the reimbursement rates. Therefore, the results suggested by
this paper fit well within those found by Clemens and Gottlieb (2014). Notice that removing the procedures
discussed in Clemens and Gottlieb (2014) does not dramatically change these values, but leads to a slightly
higher elasticity of 1.2, indicating that the results of these papers are not driven only by the procedures
analyzed in Clemens and Gottlieb (2014), but that they extend their results to a wider range of procedures.

Finally, I turn my attention to the estimation of the demand curve to be able to model the ability of PCPs to
gain market share in specialty procedures at the expense of specialists as areas become more rural. I set up
a structural random coefficients model of demand for healthcare where the random coefficient is estimated

using the variation in patients’ demographic and health measures to model patients as precisely as possible.

1Robustness checks, available in the online appendix, show that the results are robust independently of the range chosen, but
their effect is stronger, the more specialized the range of procedures is.



The innovation in the model lies in the inclusion of a supply-induced demand mechanism in which PCPs are
able to affect the consumers’ decision of the specialty-procedure combination. This is motivated by PCPs’
ability to offer a treatment to the patient rather than refer the patient to a specialist. In the model, this
supply-induced demand mechanism is specified through the inclusion of policy-set reimbursement fees for
physicians in the consumers’ demand. The identification of the parameter of the reimbursement rate relies on
consumers not reacting to the amount of reimbursement the physician receives. This identification strategy
would fail if patients’ demand for procedures directly responded to changes in the reimbursement amounts.
This could be the case if, for instance, patients were responsible for paying for the procedures entirely out of
pocket, which amount would clearly vary according to the reimbursement rates. Similarly, this identification
strategy could also fail if the reimbursement amounts varied according to the specialty of the physician who
provided the procedure. The data allow me to overcome this challenge because all patients considered are
insured by Medicare for the procedures analyzed and are therefore responsible for only a co-pay for most
procedures, and for at most 20 percent of the cost otherwise as co-insurance. Importantly, all patients would
face the same co-insurance amount across all providers considered; the reimbursement units are based on the
procedure carried out and not on the specialty of the physician, which therefore limits the patients’ ability
to respond to their physician’s reimbursements. Finally, while patients on Medicare are able to self-refer to
specialists, notice that this fact does not impact the results of this paper. As long as self-referral patterns do
not change wildly over time, the paper will correctly identify PCPs’ ability to gain market share in specialty
procedures in more-rural areas at the expense of specialists, based on the set of patients they would see.
One would expect the ability to self-refer to be more important in cities, where more specialists are present.
While this could explain the higher initial share in specialty procedures carried out by rural PCPs compared
with their most urban counterparts, it would not explain the changes in PCPs’ market shares in the same
procedures over time according their remuneration, as patients would not change their choice to self-refer
based on changes in reimbursement fees. The ability to self-refer however indicates that the results in this
paper are a lower bound on the reallocation effect for the physician population as a whole, because patients
who cannot self-refer according to their insurance contract might be more subject to PCPs’ incentive to

carry out the procedure in lieu of referring them to specialists.

Second, similarly to the estimation of demand curves in other industries, the endogeneity of the price paid
by patients could lead to a biased estimate of the price coefficient. I observe the amount billed by physicians
and the amount reimbursed by Medicare, from which I can impute the price faced by patients. Similarly
to a higher-quality product in another industry, a provider could be more popular despite a higher co-
pay because of, for example, friendliness, word-of-mouth reputation, or personal attachments. This fact
would bias the price coefficient upward, indicating a lower elasticity of patients to prices, when instead the
choice of the higher-rate physician could be due to factors that are unobserved by the econometrician. To
address this, I use instrumental variables which represent input costs. The instruments I use are malpractice
insurance reimbursement fees (which proxy the costs for malpractice insurance) and Medicare-set cost-of-
living adjustments (for labor, practice expenses, and malpractice insurance) to proxy for the regional variation
in input costs. These costs would increase a physician’s pricing menu but not be observed or considered by
patients, which is the identifying assumption necessary for the instruments to be valid. In the specifications
that utilize the demographic variation in the data for the estimation of the random coefficient, I supplement

these instruments with functions of the same instruments, as common in the literature.

The structural results confirm the hypothesis that PCPs increase their share in specialty procedures at the



expense of specialists as the procedures become more remunerative, and PCPs are able to do so more, the
more rural the area. I find that the same reimbursement-unit increase for a given procedure leads to an
increase in the primary care physician share in that specialty procedure by 7-15 percent more in less-urban
areas compared with their most-urban counterparts, at the expense of specialists. These results therefore
provide evidence that 1) the urbanity of the area is an important factor for PCPs’ ability to benefit from the
financial incentives generated by fee-for-service payment schemes and 2) PCPs respond to these incentives
at the expense of specialists, leading to a reallocation of procedures among the two specialty groups. I find
that small metropolitan areas (with a population between 50,000 and 250,000 people) and very rural areas

(with a population smaller than 10,000 people) are the most affected.

The rest of the paper is structured in the following way: Section 2 reviews the existing literature. Section
3 introduces the data used in the paper. Section 4 introduces the model. Section 5 provides the Reader
with some introductory data analysis. Section 6 discusses the empirical evidence and reduced-form results.
Section 7 presents the structural results and discusses the key parameters. Section 8 concludes and discusses

future research.

2 Literature

This paper primarily contributes to the strand of health economics literature discussing how physicians
respond to financial incentives. Paper and articles have documented an increase in the demand for health
goods coming from consumers and an increase in defensive medicine, i.e., physicians’ decision to request
treatments and procedures out of fear of being sued. Nevertheless, defensive medicine has been shown to
only account for 0.46 percent of health spending (Anderson et al. 2005). Consumers, on the other hand, might
indeed enjoy a higher consumption of health goods, but it would be puzzling if the entirety of spending was
a direct effect of consumer preferences. First, it is difficult to imagine that US consumers, who face higher
co-pays than FEuropeans, are so intrinsically different in their preferences that their utility maximization
would lead to higher consumption of more-expensive health goods without any visible health effects. Second
and more importantly, this would mean that US consumers switched their preferences quite dramatically,
since this unbounded increase in health spending is quite recent. The other main school of thought suggests
that the increase in medical spending can be explained by the rise in income because medical spending is
a luxury good (Hall and Jones 2007). However, the assumption that medical spending is a luxury good
is inconsistent with micro estimates showing that the income elasticity of medical spending is about 0.7
(Acemoglu et al. 2013).

A recent paper that addresses the incentives generated by fee-for-service is Clemens and Gottlieb (2014).
Their analysis uses a 1997 change in Medicare geographical areas and focuses on two main procedures: MRIs
and procedures for cardiac patients, such as cataract surgeries. They find that a two-percent increase in
payment rates leads to a three-percent increase in care provision and that elective procedures respond more
strongly than non-discretionary services. This paper confirms, complements, and generalizes their analysis
along several dimensions. First, it is able to make more general statements on the reimbursement effect on

treatment, without focusing on few case studies, but utilizing both the annual changes in reimbursement rates



and the differences in the urbanity of the areas. Second, it documents and analyzes how PCPs specifically
are able to increase the number of specialty procedures they provide according not only to the reimbursement
level, but to the urbanity level of the area where they practice, leading to a reallocation of specialty procedures
from specialists to PCPs. Notice that, among the physicians considered, the median procedure carried out
earns the physician a total of 36.45 relative value units, so that a unit increase is equivalent to a 2.7 percent
median increase in compensation. The reduced-form results in this paper suggest that a unit increase in
the reimbursement rate leads, on average, to the physician carrying out that procedure three more times.
Out of those PCPs who perform specialty procedures, performing a specialty procedure three more times
is equal to a three-percent increase in the median number of specialty procedures they perform. This leads
to an elasticity of about 1.11. Therefore, the results suggested by this paper fit well within those found
by Clemens and Gottlieb (2014). Notice that removing the procedures discussed in Clemens and Gottlieb
(2014) does not dramatically change these values, but leads to a slightly higher elasticity of 1.2, indicating
that the results of these papers are not only driven by the procedures analyzed in Clemens and Gottlieb
(2014).

Finally, the use of a structural approach to analyze this issue modeling a supply-distorted structural demand

system is on its own a novel approach.

There is an extensive branch of literature analyzing, from a reduced-form perspective, physicians’ response
to financial incentives in a hospital setting (i.a. Acemoglu and Finkelstein 2008, Finkelstein 2007, American
Hospital Association 2008) and in a managed care setting (i.a. Lori 2009). However, the analysis of physi-
cians’ responses in their own practices seems to have been overlooked, even though the level and growth of
healthcare spending for physicians is not negligible, equaling about 60 percent of hospital care expenditures,

or 37.5 percent of total aggregate health care expenditures in the US.

There are also different papers analyzing physicians’ response to financial incentives for particular procedures
(see, i.a., Gruber & Owings 1994; Grant 2009; Shrank 2005; Jacobson 2006). This paper complements this
strand of literature by setting up a structural model of physicians’ behavior without confining to a few
procedures as specific case studies. This paper generalizes these previous analyses and focuses on how the

treatment picked is inherently tied to the profitability of the treatment itself and on the physician’s location.

Papers have also been extensively written on the fee-for-service system’s impact on health care costs and
service overutilization (see, i.a. Ginsburg 2011; Hoangmai and Ginsburg 2007; Levin & Rao 2004, 2008).
This paper complements this literature by providing evidence that a change in financial incentives also leads
to a reallocation of specialty procedures away from specialists in favor of PCPs. Focusing on a particular set
of procedures and/or specialties overlooks the reallocation of these procedures between the specialty groups
as procedures become more remunerative. If this effect is not included, the entire take-up rate could be
incorrectly attributed to overutilization, overstating the effect of the latter. Therefore, this paper provides
evidence that it is key to consider two complementary effects caused by fee-for-service payment schemes: 1) a
reallocation of the procedures carried out from specialists to PCPs for any given total number of procedures,
as shown here, and 2) the increase in the number of total procedures carried out overall without an apparent

increase in patients’ health issues, that is, overutilization, which is not analyzed in this paper.

Finally, the evidence of regional variations in Medicare spending has also been mentioned, not only in the



health economics literature, but also in the media (Gawande 2007 is probably the predominant example
among many) and in the medical literature (see Fisher 2003 for example). This paper makes a contribution
in this regard by providing a reason for such variation, i.e. the link between PCPs’ location and their ability

to respond to financial incentives and to do so more, the more rural a location is.

Methodologically, this paper bases itself mostly on Berry, Levinsohn, Pakes (1995, hereafter: BLP). The
Medicare database does not actually provide data on the single patients, but it provides cumulative data on
the patients seen by each physician for each procedure carried out, including the number of patients seen for
each procedure and the characteristics of these patients, such as their demographics, their race and gender,
as well as many health measures on illnesses and diseases, such as the number of patients with cancer. This

allows for a simulation of individuals that match the observed characteristic distributions in the data.

Readers who are interested in a deeper discussion on the institutional framework should refer to Appendix
Section A.1.

3 Data

The primary source of data for this paper comes from the Centers for Medicare & Medicaid Services (CMS).
The Physician and Other Supplier Public dataset provides information on services and procedures provided to
Medicare beneficiaries by physicians. It contains information on utilization, actual Medicare reimbursement,
and submitted charges. Each line of the dataset is indexed by a National Provider Identifier (NPI), which
identifies each physician in the dataset, by a Healthcare Common Procedure Coding System (HCPCS)
code, which identifies every procedure carried out by each physician, and by the place of service, indicating
whether the procedures were carried out in a facility setting. The data are based on information from CMS
administrative claims data for Medicare beneficiaries enrolled in the fee-for-service program. The data cover
calendar years 2012 through 2015 and contain the universe of physicians taking part in Medicare Part B for
the fee-for-service population. There are a little over 26.3 million observations in the dataset across over a

million of physicians.

Despite the wealth of information on payment and utilization for Medicare Part B services, the dataset has
a number of limitations. The data may not be representative of a physician’s entire practice, because they
only include information on Medicare fee-for-service beneficiaries. However, since Medicare influences the
payment system of 80 percent of physicians (Clemens & Gottlieb 2017), these data allow for the analysis
of physicians’ behavior under this payment mechanism, which is then relevant for the greatest majority of
physicians in the country. In addition, the data are not intended to indicate the quality of care provided and
are not risk-adjusted to account for differences in underlying severity of disease of patient populations. To
counter the lack of risk adjustment, demographic data on patients’ riskiness and incidence of diseases will
be included in the estimation. Despite these limitations, some positive characteristics should be highlighted.
First of all, the fact that all beneficiaries are covered by Medicare eliminates the issues related to the status
of insurance of the beneficiaries. In particular, it allows me to abstract from other endogenous characteristics
related to the insurance status of beneficiaries which would arise if a full dataset (not Medicare only) were
used. Moreover, it also allows me to ignore the network effects of different insurance policies as well as their

different payment plans. In practice, therefore, this dataset provides a homogeneous universe of insured



individuals that only differ by the conditions they have and by the treatments they receive, and not by their

insurance situation.

The illness and disease distribution is reflected in the average beneficiary risk scores provided on the “Medicare
Physician and Other Supplier Aggregate Table” (i.e., one record per NPI). These data provide information
on the health status of the beneficiaries the providers serve for every year of interest together with the rate
of incidence of a number of diseases and illnesses among the patients seen by each physician for every year.

This information can account for the average health of each physician’s patient.

Finally, the Metropolitan Statistical Area definition follows the U.S. Census Bureau definition for Primary
Metropolitan Statistical Areas (PMSA). The urban/rural classification also follows the U.S. Census Bureau
definition according to the 2010 Census criteria. In particular, an urbanity index equal to 1 indicates a large
central metro, i.e. counties in MSAs with a population equal to or greater than 1 million that contain the
entire population of the largest principal city of the MSA, or at least 250,000 inhabitants of any principal
city of the MSA; an index equal to 2 indicates a large fringe metro, i.e. counties in MSAs with a population
equal to or greater than 1 million that do not qualify as large central metros; 3 indicates a medium metro, i.e.
counties in MSAs with a population equal to or greater than 250,000 but strictly smaller than 1 million; 4
indicates a small metro, i.e. counties in MSAs with a population equal to or greater than 50,000 but strictly
smaller than 250,000; 5 indicates a micropolitan area, i.e. counties in micropolitan statistical areas with a
population equal to or greater than 10,000 but strictly smaller than 50,000; and 6 indicates a noncore area,

i.e. the most rural classification, with a population that is strictly smaller than 10,000.

4 Model

This section models the ability of PCPs to gain an increasing share in specialty procedures along the urbanity
index, at the expense of specialists. In particular, PCPs positively reach to increases in remuneration of a
given procedure by increasing the number of times they carry that procedure out instead of referring it to
specialists, and PCPs are able to do so more, the more rural the area. This section presents a structural
random coefficients model with a supply-induced demand mechanism generated by the physician’s utility for
reimbursements entering the consumer’s utility. The Appendix Section A.2 presents the model setup for the
standard multinomial logit model of demand, which is a particular case of the model described here, where
stochastic and demographic coefficients are not included. The main difference between the logit demand
and the full structural model introduced here is that the marginal utilities of the product characteristics
implied by the full model are different across consumers, and determined by the consumer characteristics.
This breaks the independence of irrelevant alternatives (IIA) property typical of logit models, from which
the simplified model in the Appendix would suffer.

I consider the choice of going to a specialist as the outside option. I assume that at this stage, the physician
has already decided what treatments to offer and the patients already know what treatment they need to
receive. Therefore, consumers are faced with a product choice given by the type of physician performing a

relevant procedure for them.

Consumers’ utility is composed of a mean utility and random stochastic coefficients dependent on demo-



graphic variables. I assume that the consumer maximizes a weighted sum of utilities, her own and her
primary care doctor’s, where the doctor’s utility only enters the patient’s utility in terms of the reimburse-

ment obtained for the procedure carried out, i.e.

6 j 6
Uijt = max; {Zurban:l (1 - 'Yurban) uf;'lttwnt + HPC Zurban:l Fyu'fbanuftc}
uﬁc = RVUj; V procedure codes (1)
Ipc = 1 if physician is in primary care (PC)
uf j“t”e"t identifies the consumer /patient’s utility while u/ identifies the doctor’s utility. I define each market

t as a Metropolitan Statistical Area (MSA)-year combination. Once the data are cleaned and markets with
a single choice are excluded, I am left with 193 MSAs and a total of 764 markets (almost all MSAs are
present for all 4 years of interest). Data are available for four consecutive years: 2012, 2013, 2014, 2015.
Only PCPs are able to influence the consumers’ utility because PCPs see the patient first and can choose
to carry out the specialty procedure themselves instead of referring the patient to a specialist.? Therefore,
Ipc = 0 eliminates the supply-driven demand mechanism. The extent to which physicians respond to the
reimbursements depends on the urbanity (this is why Yypen depends on the urbanity). The urbanity index
is defined by the Census according to the population of an area and proximity to an MSA. In practice, I will
report estimates for v,.pan for physicians in less urban areas compared with their most urban counterparts,
i.e. physicians in large metropolitan areas with a population that is larger than one million and which fully
contain an MSA. A product j is the combination of a procedure, indexed by its respective HCPCS billing
code, and the provider group that carries it out, defined as Primary care, Laboratory, Emergency medicine
& general surgeons, and Specialists. As usual, the utility of the outside good (specialists) is normalized to

zZero.

Writing out the variables, the utility is equal to

6 6
Ui = Z (]- - Wurban) (_aipjt + xjtﬂi + gjt + nijt) + ]IPC Z VurbanRVth (2)
urban=1 urban=1

2This assumption assumes away the possibility of patients referring themselves directly to a specialist. Self-referral would be
the case in cities more than elsewhere, as specialists are more present in metro areas. This could partially explain the initial
higher shares of more-rural PCPs in specialty procedures compared with their urban counterparts. This initial differential
would then be included in what I refer to as the “competition” coming from specialists in cities. In other words, PCPs in cities
would initially carry out fewer EKGs, for example, both because more patients would go to cardiologists directly and because
out of those patients that would see a PCP first, a higher percentage would ask for a referral to a specialist even if offered an
EKG by the PCP. However, the use of the time variation where the reimbursement increase is the mechanism that leads to
a widening of this initial differential, with rural PCPs gaining a higher share of their urban counterparts. Therefore, even if
patients could be part of the reason of why, at the beginning of the period, PCPs are able to do more specialty procedures in
more rural areas, they would not choose whether to refer themselves based on changes in the reimbursement fees set by policy
across time.



which can be written as:

Ziman:l (1 — Yurban) (apji + Bxje + &) patients’ mean utility

+Ipc Zirban:l Yurban 8V Uj¢  physician’s utility within mean utility 3)
Uijt =

+ (—=pjt, 1) Zirban:l (1 = Yurban) (ILD; + 3v;)  stochastic coefficients

+€;5¢  iid error term

where (pj:, x;+) are the product characteristics discussed below, §;; are product-market unobservables, D; is
a 5x1 vector of consumer i’s observable demographic characteristics (age, gender, risk score proxying health
issues, income in thousands, and square of the income in thousands), v; is a 10x1 vector of the effect of
consumer i’s unobservable characteristics on «; and [3; parameters; II is a 10x5 matrix of how «a; and f3;
parameters depend on the consumer observables, ¥ is a 10x10 matrix of how those parameters depend on
the unobservables; and (Vjq, vig), (Ila, lg), (X4, £3) split the vector into two parts. The values of D; are
picked from the main database as draws of 20 random individuals in each market. The values of v; are drawn
from a multivariate normal distribution and are independent and identically distributed. The ¢;;; are drawn
from Type 1 extreme value distribution and are independent and identically distributed across individuals,

products, and markets.

I estimate four specifications: a random coefficients model without the use of demographic variables, but
with a stochastic element on the reimbursement variable (in other words, the D; vector is set to zero),
a random coefficients model with demographic variables (the full version mentioned in this section), and a
random coeflicients model with and without demographics with the use of Chamberlain optimal instruments.
The full specification of the model, a random coeflicients model in which the random coefficient is estimated
using the demographic variation present in the data, is the one presented here. The other specifications are
all particular cases of this general one. Chamberlain optimal instruments are functions of the characteristics

and instrumental variables, as commonly done in the literature.

I include ten product characteristics, equal to a constant and nine characteristics (p;¢, z;¢) at a provider
group-procedure-market level. These control for the average price to receive the procedure in that market
carried out by that provider group, the relative value units earned for that procedure, a proxy for the level of
specialization of the physician, the urbanity level, a proxy for the average level of education, and a proxy for
competition. Price p;¢ is derived from the total amount billed by the provider minus the amount reimbursed
by Medicare. The relative value units earned for that procedure, which are directly observed, capture the
physician’s ability to influence demand and are therefore the main variable of interest in this paper. The
average level of specialization of all procedures performed by physicians within each group measures the
level of specialization of the procedures carried out by the average physician in that market. The average
urbanity level of the physicians in that provider group and market, defined for each product, simply captures
whether, on average, the procedure-provider group combination is more common in a more urban or a more
rural setting. The average Medical Doctor (M.D.) index gives an index of whether the majority of physicians
considered in that product-market combination have an M.D. degree. Given that each physician can either

be a M.D. (1) or not (0), this variable is between 0 and 1.3 The proxy for competition is calculated as the

3The other type of degree that physicians can hold is a D.O. degree, which categorizes them as osteopathic physicians. Physicians
with a D.O. are licensed in all 50 states to practice medicine and surgery, as well to prescribe medications. Anecdotal evidence
seems to suggest that patients often display a preference for M.D. physicians, whom they consider better qualified. This
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average number of physicians in each physician’s own provider group as well as the number of physicians
in other provider groups in any given zip code. Therefore, four variables proxy competition: the average
number of PCPs, specialists, emergency medicine physicians, and laboratories in close proximity to each

physician considered. A higher number indicates higher competition in that product-market combination.

As is usually done in the literature, the utility can be simplified by calling the mean utilities §’s, for the

patients and for the PCP respectively, a stochastic coefficient component p, and the random error:

6
Uit = 5pamm + HPC(;;;C + Z (1 — Yurban) Hije + €ijt 4)

urban=1

The market share of product j for consumer of type 7 in market ¢ is then equal to

exp {5panem +TIpcdhC + > vanet (1= Yurban) ,LLijt}

L+ SR exp {00 T+ lpanar (1= Yurbon) ik

()

Sijt =

and the overall market share of product j in market ¢ can be found by integrating the individual market
shares across the individual types, while weighing each type according to its probability in the population.
P (D) denotes the empirical distribution of the demographic characteristics and A (v) the distribution of

the unobserved characteristics:

s = [ [ s (D)ax @) (©)

/ / exp 5Patzent + ]Ipc(sjt + Zurbcm 1 (1 — ’Yurban) ﬂijt} 4p (D) dN( )
12
D1+ 211715 exp {52?tzent + HPC(S;ZC + Zurbanzl (1 — Yurban) Hikt}

Sjt

The demographic characteristics are picked from the Medicare dataset. In order to proxy for patients, I
use the patient cumulative data available for each physician as a representative consumer for each product
(specialty-procedure) combination. Since products are defined at a wider level than physicians, thousands
of patient proxies are available for each market. I then sort them randomly and pick twenty observations
per market of the following characteristics: per capita income (which varies with every zip code), per capita
income squared, average risk score (a variable created by Medicare, which measures the general “healthiness”
of patients considering many different elements, from diabetes to cancer), gender (as the percentage of
patients that were female seen by each physician), and age (as the average age of patients seen by each

physician).

5 Data Analysis

To be able to analyze the margins along which PCPs carry out specialty procedures, I first need to define
what constitutes a specialty procedure. To do so, for every procedure, I look at the number of times the

procedure is carried out by specialists and PCPs, respectively, over the entire dataset (about 26 million

variable controls for this.
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Table 1: Percentiles of degree of specialization (the lower the number, the more specialized)

Percentile
25th percentile 52.06%
50th percentile 63.44%
75th percentile 72.11%
90th percentile 80.99%

Notes: The variable of interest is an indicator variable, from 0 to 1,
indicating the frequency of performance of each procedure by PCPs
and specialists. This table uses the average of this variable, for each
physician, across all procedures carried out by that physician. A value
of 0 indicates that a physician performs only specialty procedures,
a value of 1 indicates that a physician only performs primary care
procedures. This table only shows the degree of specializations for
the physicians who perform at least one specialty procedure.

observations across four years). In Figures 1 and 2 and in supplementary results available upon request, I
also analyze what percentage of physicians in primary and specialty care, respectively, carry out any given
procedure. I then consider the procedures of interest to be those performed by specialists 50-80 percent of
the time and by the primary care the remaining 20-50 percent. Robustness checks show that the results
are robust independently of the range chosen, but their effect is stronger for tighter ranges. This approach
creates a specialization index for each procedure, from 0 to 1. An index value equal to 0 means that the
procedure is only carried out by specialists, while an index value of 1 means that it is always carried out by

primary care. Therefore, the lower the index value, the more specialized the procedure is.

Having built this index, I can analyze whether any physicians, in general, performs procedures within their
specialty. I observe some clustering in the procedures carried out, with PCPs carrying out either mostly
primary care procedures (with an average specialization index of at least 0.6) or almost exclusively specialty
procedures (with an average specialization index between 0.3 and 0.4). Among those PCPs who perform
at least one specialty procedure, it is also observed that they tend to perform a large number of specialty
procedures. The median procedure carried out by these PCPs, as shown in Table 1, is one carried out by

specialists 60 percent of the time.

It is clear from this evidence, as well as other data analysis reported in the online Appendix, that some PCPs
are able to carry out a large number of specialty procedures. The margin through which they are able to
do so, which is the main theory analyzed in this paper, is how urban or rural the area where the physician

practices is.

To be able to understand this better, I focus on procedures carried out by PCPs 20-50 percent of the time
and look at the distribution of physicians and services across the urbanity index, by specialization, as shown

in Figure 1.

For robustness, I restrict my attention to highly specialized procedures, i.e. the procedures carried out by

specialists 70-80 percent of the time and once again look at the distribution of physicians and services across
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Figure 1: Procedures carried out by specialists 50-80% of the time

Notes: This figure concentrates on procedures carried out by specialists 50-80% of the time. The first figure looks at the
percentage of physicians carrying out these procedures (even just once) who are in primary care vs some specialty, across
urbanity levels. The second figure looks at the percentage of services provided by primary care vs some specialty, across
urbanity levels. The urbanity of the area is an index from 1 to 6, where a higher value denotes a more rural area. Source:
Author’s calculations based on data from CMS.

the urbanity index, by specialization, as shown in Figure 2.%

The preceding data analysis documented the following facts. First, specialty procedures are also executed
by PCPs, who seem to make an informed choice about whether to provide specialty procedures. Moreover,
those PCPs who provide specialty procedures are likely to perform multiple specialty procedures. Finally,

PCPs in less populated, less urban areas are able to perform more specialty procedures than PCPs in more

4 All the results that are presented in the remainder of this paper are based on the procedures carried out by specialists 60-80

percent of the time. All the results are qualitatively robust to different specialization ranges, and these robustness checks are
available upon request.
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Figure 2: Procedures carried out by specialists 70-80% of the time

Notes: This figure concentrates on procedures carried out by specialists 70-80% of the time. The first figure looks at the
percentage of physicians carrying out these procedures (even just once) who are in primary care vs some specialty, across
urbanity levels. The second figure looks at the percentage of services provided by primary care vs some specialty, across
urbanity levels. The urbanity of the area is an index from 1 to 6, where a higher value denotes a more rural area. Source:
Author’s calculations based on data from CMS.

urban, densely populated places. This latter finding hints at a tradeoff in their decision-making on what
treatments to offer and give to patients in different locations, supporting the theory of this paper. The data
therefore support the theory that PCPs take over more specialty procedures in more rural places, where
specialists are not as present as they would be in cities. The remainder of this paper will focus on analyzing

whether PCPs are able to use this urbanity margin to take on more remunerative procedures.
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6 Empirical Evidence and Reduced-Form Results

This Section seeks to provide some empirical evidence as well as discuss some reduced-form results that
inform the theory of this paper. To do so, I restrict my attention to the procedures carried out by specialists
60-80 percent of the time and by PCPs the remaining 20-40 percent of the time. As previously discussed,
procedures are categorized considering the incidence with which all procedures are carried out across all
places and years to be able to classify a procedure as a specialty procedure. All level analyses are performed

controlling for area-specific characteristics as well as patients’ demographics and health characteristics.

First, I analyze whether there is a relationship between the reimbursement fees and the frequency with which
a given specialty procedure is carried out by primary care. Second, I control for fixed effects, exploiting the
time variation in the data since reimbursement fees are changed on an annual basis. I then estimate through
a logistic regression the effect that changes in the reimbursement fees have on the probability with which a
PCP carries out a specialty procedure. I run the estimation both with and without frequency weights. With
frequency weights, a higher weight is given to observations that show a higher increase in the frequency with

which the more remunerative procedure is carried out.

The typical endogeneity challenge that econometricians face in similar analyses of different industries is less
of a concern here because of the focus on Medicare patients. Medicare patients do not have to pay out-of-
pocket for the entirety of the bill. For all the procedures considered here, Medicare offers insurance coverage,
guaranteeing that patients only have to worry about a co-pay and a co-insurance rate. Therefore, it is highly
plausible that patients would not shop around to find a cheaper provider for that particular procedure, but
would take the price as given. This assumption would imply that the coefficient on price should be very

close to zero.

Nevertheless, there is still the potential of some unobservable effect on the price. To illustrate, consider the
fact that choices of physicians are often based on personal matters, such as friendliness of the physician,
recommendation from friends or family, or simply him /her being the “family practice of the town.” Similarly
to a higher-quality product in another industry, this provider could have higher rates that could translate
into a higher out-of-pocket cost for patients. This would bias the price coefficient upward, indicating a
lower elasticity of patients to prices, when instead the choice of the higher-rate physician would be due to
factors that are unobserved by the econometrician. To control for this issue, I use instrumental variables
which represent input costs. These costs would increase a physician’s pricing menu but not be observed or
considered by patients, which is the identifying assumption necessary for the instrument to work. I utilize
malpractice insurance reimbursement fees as a proxy for malpractice insurance. Malpractice insurance is a
very good proxy for costs: it is higher in cost for higher-cost cities and is higher for higher-risk specialties,
which also involve greater costs for machines and equipment. The higher the cost for insurance, the higher the
total procedure billing, but malpractice insurance never enters patients’ demand functions, as it is as a pure
input cost and does not affect other characteristics. I also include the so-called Geographical Adjustment
Factors (GAFs), which are cost-of-living adjustments for work, practice expenses, and malpractice insurance,
proxying for regional variation in input costs. In the specifications that account for additional heterogeneity,
I supplement these instruments with functions of the same instruments, as common in the literature: the
interaction term of the work GAF with the practice expense GAF, the square of the work GAF, and the

square of malpractice reimbursement units. The coefficient on price once it is instrumented is significant and
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Table 2: Number of procedures carried out by PCPs

Variables B8
Procedure Reimbursement 3.33
(5.44)
Procedure GAF 323.68
(81.31)
Large Metro w/in MSA -8.67
(1.85)
Large Metro -10.87
(1.71)
Metro with 250k< pop < 1mil -6.29
(1.49)
Metro with 50k< pop < 250k -2.34
(1.62)
Metro with 10k< pop < 50k -0.33
(1.57)
Constant -7.63
(0.29)
Observations 700,855
R2 0.31

Notes: Linear regression of variables of interest on the number of procedures carried
out by PCPs. The urbanity of the area is an index from 1 to 6, where a higher value
denotes a more rural area. Geographical, procedure, and year dummies are included,
as well as demographic controls. Standard errors in parentheses.

negative, but still close to zero, as theory would suggest.

To provide some empirical reduced-form evidence supporting this paper, let me first report the results of a
regression of the number of services provided by primary care for specialty procedures on the reimbursement
fees, controlling for costs, and area-specific characteristics as well as patients’ demographics and health
characteristics. As previously mentioned, I restrict my attention to those procedures carried out by PCPs

20-40 percent of the time (and by specialists 60-80 percent). The results are shown in Table 2.

These results are consistent with the suggested theory. The geographical adjustment factors control for the
cost of living in different areas, which explains the high value on the procedure geographical adjustment
(Procedure GAF) coefficient, as an increase of 1 in the geographical practice cost indices is a very high
increase. To illustrate, a unit increase in the work and practice indices is equal to double the difference
between the maximum and minimum value in the same indices, while a unit increase in the malpractice
insurance cost index is roughly equal to the difference between the malpractice insurance cost in Wyoming
and the malpractice insurance cost in NYC suburbs. The procedure geographical adjustments are higher,

where the cost of living is higher, that is, in cities, so the parameters on the geographical cost indices simply
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reflect the fact that more populated places lead to higher service counts. The Procedure Reimbursement
variable is the reimbursement factor. I find that PCPs respond positively to increases in reimbursements,
increasing the number of more remunerative specialty procedures they carry out. To be precise, I find that
for every unit increase in the reimbursement revenue for a given procedure, equal to about $36, the physician

performs that procedure three more times.

Another key component of the analysis is the margin of urbanity. The urbanity index value that is left out
for comparison is the value attached to the most rural areas. Comparing the parameters, it is easy to see

that the more rural the area, the higher the service count of procedures carried out by PCPs, as expected.

Next, I create a variable which takes value of 1 whenever a PCP increases the number of times a given
specialty procedure is provided from a year to the next, 0 otherwise. I then run a logistic regression to
see whether an increase in the reimbursement rate of a given procedure raises the probability of a PCP
increasing the number of times she carries out that procedure. The results in Table 3 show that an increase
in the reimbursement rate of one value unit for a given procedure, equal to roughly a $36 increase, increases
the probability of PCPs increasing the number of times that procedure is carried out by about 16.6 percent.
Frequency weights play an important role in this estimation. Accounting for frequency weights, so that a
higher weight is placed on physicians who increase the number of procedures carried out more, an increase
of one relative value unit in a given procedure, equal again to about $36, leads to a 45.5 percent higher

probability of the PCP performing that procedure more.

For robustness, I widen the set to the procedures carried out by PCPs between 20 and 50 percent of the
time (and by specialists 50-80 percent of the time). The results are presented in the Appendix Section A.4

and show that the qualitative results are the same.
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Table 3: Logit: y=1 if PCPs increase the number of specialty procedures carried out - 20-40%

Variables (1) (2)
Change in Procedure Reimbursement 0.17 0.46
(0.02) (0.003)
Change in Malpractice Reimbursement -1.69 -3.39
(0.06) (0.01)
Change in Practice Expense Reimbursement 0.25 0.63
(0.01) (0.001)
Change in Procedure GAF 9.25 37.02
(1.78) (0.19)
Change in Malpractice GAF -0.04 0.29
(0.02) (0.003)
Change in Practice Expense GAF -3.20 -12.57
(0.71) (0.08)
Constant 1.94 2.75
(0.004) (0.004)
Frequency Weights NO YES
Observations 1,677,036 1,677,036

Notes: Logistic regression of variables of interest on whether or not primary care increases the specialty
procedures provided, with and without frequency weights. The procedures included are those that are carried
out by PCPs, on average, between 20 and 40% of times as suggested by the specialization index previously
discussed. Year dummies are included. Standard errors in parentheses.

7 Structural Model Results

I run four specifications to estimate the model discussed in Section 4: the random coeflicients logit model,
with and without Chamberlain’s optimal instruments, a specification that uses the demographic variation
in the data to estimate the random coefficient, and finally a random coefficient logit model using both
Chamberlain’s optimal instruments and the demographic variation in the data. Table 4 reports all results
on the analysis of PCPs increasing their share at the expense of specialists along the urbanity index. All
specifications utilize the time variation in the data to identify the parameters. Recall that the relative value

units are set by policymakers annually.

A few results should be discussed. First, the price coefficient is very close to zero, but negative, as expected
in the previous discussion in Section 6. Second, the urbanity of the area emerges again as a key margin
for PCPs. The five variables which look at the interaction of the reimbursement with the urbanity index
generate estimates that have to be compared with the reference variable, which value indicates the most rural
areas. The results support the empirical evidence shown in Section 6 that PCPs are able to increasingly take

on a higher share of specialty procedures, the more rural the area.

Since all the specifications are variation of the logit model, the Reader should recall that the estimated
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Table 5: Change in Physicians’ Weight in Consumers’ Utility with Respect to Physicians in Large Metro
Areas,

¥ Base Case  Optimal Instruments Demographics Optimal Instruments and Demographics
~o-Fringe Metro 9.42% 8.87% 8.80% 6.92%
~v3-Medium Metro 7.90% 7.79% 8.44% 7.79%
~4-Small Metro 15.84% 15.49% 16.18% 14.91%
~s-Micropolitan 7.04% 6.93% 8.33% 6.82%
~e-Rural 12.30% 12.19% 11.74% 11.18%

Notes: This table shows the increase in the primary care physician’s utility weight on the consumer utility, v , along the urbanity
index compared with the most urban classification (urban=1, large metro area), for all specifications considered in this paper.
The four specifications are the following: a random coefficients model that uses the BLP (1994) algorithm, the second one uses the
same model but includes Chamberlain optimal instruments, the third one uses the same model but lets the random coefficients
depend on the empirical distribution of demographic characteristics, and the final one includes both the optimal instruments and
the demographics in the estimation.

coefficients on the interaction of the reimbursement with the urbanity index, Brvu, are not exactly equal to
the parameters of interest, which are instead equal to: Yyrpan = €xp { BT.WM.I,M} —1 Vurban=1,...,6. To
aid the Reader with the interpretation of the coefficients, a summary of the coefficients of interest vy, pan 1S
shown in Table 5, switching the point of view to set the most urban counterparts as the point of reference.
Bearing this in mind, T find that an increase in one relative value unit, once again equal to about $36,
PCPs are able to increase their share in specialty procedures between 7 and 15 percent in more rural areas
compared with their most urban counterparts, at the expense of specialists. These results provide some
evidence that the urbanity is a key margin along which PCPs can use the lower competition coming from
specialists to increase their reimbursements by carrying out the specialty procedures themselves rather than
referring them to specialists somewhere else. The most affected areas are very rural areas (the dummy of
reference, which value is higher than almost every other more urban value) and in small metropolitan areas
(which is the only estimate higher than the dummy of reference). Primary care physicians’ ability to increase
their shares at the expense of specialists along the urbanity index is very robust and significant across all

specifications.

8 Conclusion and Future Work

Using data on the insured population of Medicare, this paper has provided evidence for a supply-induced
mechanism in the demand for healthcare in the US. First, it has documented the novel fact that PCPs are
able to carry out an increasing share of specialty procedure in more rural areas of the United States, where
specialists are fewer. Second, this paper has found that PCPs increase their share in specialty procedures
more, the more remunerative they become, and are able to do so more, the more rural the area they practice
in. From the reduced-form results, this paper has found that an increase in one unit of reimbursement for
a given procedure, equal to an increase in reimbursement of about $36, leads to over a 45 percent higher

probability of PCPs providing a higher number of the more remunerative procedure. Structurally, this paper
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has estimated that the same $36 reimbursement increase for a given procedure leads to an increase in the
PCP share in that specialty procedure by 7-15 percent more in less urban areas compared with their most
urban counterparts, at the expense of specialists. Small metropolitan areas (with a population between
50,000 and 250,000 people) and very rural areas (with a population smaller than 10,000 people) are the most
affected.

This paper has also been the beginning of a more comprehensive research project analyzing physicians’ choices
bearing in mind how 1) specialty differences are crucial when modeling their behavior, 2) reimbursements are
a substantial income component that has been largely ignored in many analyses, and 3) the urbanity of the
area comes into play in many different ways, as physicians practice differently according to where they are.
Falcettoni (2018) keeps these factors in mind when analyzing the determinants of physicians’ location choice,
with a focus on the rural shortage of physicians. The question that naturally arises from the results of this
paper is whether PCPs should in fact be able to carry out specialty procedures. The rural population in the
US, as discussed in Falcettoni (2018), is deeply in need of health care personnel. Since the rural population
needs specialty care as well, whether it is specialists or PCPs who carry out the specialty procedures should
not matter if the two types of workforce are clear substitutes for those procedures. Nevertheless, the rural
population is also sicker, and whether this is related to a lack of access to care or to the quality of the health

care personnel in rural areas is an open question on its own, which Falcettoni (2019) tries to address.

Despite the many projects that have sprung from this analysis, many questions arise that still have to be
addressed. First, a natural extension to this paper is to analyze the supply side of this issue. In particular,
PCPs need to make investment choices to be able to offer specialized treatments. Second, related to Falcettoni
(2018), it would be interesting to study how these financial incentives influence medical students’ choices.
It is plausible that medical students have adjusted their specialty choices since the implementation of the
fee-for-service system based on the possibility to get different financial benefits from different locations. This
question is important to explain the decrease in students’ interest in primary care specialties following the
1992 change in Medicare pricing. This hypothesis is able to rationalize the wage and offering differential
across specialties, while also showing that the ability for primary care to perform more specialized procedures
in less urban areas is the result of the pricing mechanism described in this paper. Therefore, this theory
would be able to explain not only the general decline in the interest for primary care specialties, but also

the geographical shifts in the primary care distribution in the country.

Finally, as suggested in the introduction, this paper touched upon the relationship between a fee-for-service
payment scheme and overutilization. While the issue of overutilization is often discussed, the focus on a
particular set of procedures and/or specialties overlooks the reallocation of these procedures between the
specialty groups as procedures become more remunerative. If this effect is not included, the entire take-
up rate could be incorrectly attributed to overutilization, overstating the effect of the latter. Therefore,
this paper provided evidence that it is key to consider two complementary effects caused by fee-for-service
payment schemes: 1) a reallocation of the procedures carried out from specialists to PCPs for any given
total number of procedures, as shown here, and 2) the increase in the number of total procedures carried out
overall without an apparent increase in patients’ health issues, that is, overutilization, which is not analyzed
in this paper.
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Appendix

A.1 Institutional Framework
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Figure A.1: Medical CPI vs. All CPI

Notes: This figure shows the Consumer Pricing Index for all goods vs. only medical goods. The growth of CPI for medical
goods changed dramatically both following the birth of Medicare in 1967 and the birth of the Resource-Based Relative Value
Unit System in 1992. Source: CMS.

As shown in Figure A.1, the increase in health expenditure has been long-lasting, with a clear increase in its
growth since the 80s. The first full year under Medicare coverage (1967) clearly led to an increase in medical

costs.

The 1992 fee-for-service system is called the Resource-Based Relative Value Scale (RBRVS). The system
was based on some initial rates and geographical adjustment factors, which would be reviewed on an annual
basis by the RVS Update Committee (RUC). The RUC was meant to only have an advisory role, but its

recommendations are accepted 97 percent of the time, making it de facto the fee-setting organization.

The Reader should bear in mind that the fee-for-service system is not new to 1992. The system before,
the Usual, Customary, and Reasonable (UCR) system, was still based on a fee-for-service reimbursement;
however, these reimbursements were not standardized across physicians, and tractability was not possible due
to lack of information on individual pricing. This pricing system matched with lack of transparency is what
prompted discussions at the beginning of 1990 to reform it. This paper shows that the new pricing system
exacerbated the issue, leading to a change in physicians’ decision making. Moreover, it allows the researcher
to be able to estimate the impact of this pricing on physicians’ choices due to the fee standardization (and

its availability publicly).
For each procedure j in market ¢, the reimbursement is equal to:

Reimbursement;; = Constant, * RVU;, * GAF, (7)
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The constant only depends on the year and is equal across specialties and procedures. The relative value
units change according to the procedure as well as the year, and the geographic adjustment factors (GAFs)

depend on the market (area and year).

The constant, called the Conversion Factor (CF), is a national adjustment factor, which is identical across
specialties, areas, and procedures. The 2017 CF is equal to $35.8887. The GAFs are a proxy for cost of

living, adjusting for differences in input costs across payment regions.

The RUC’s recommendations across the years have been constantly widening the gap between the procedure

reimbursements usually carried out by specialists and those regularly carried out by primary care.

Since the reimbursement does not depend on who carries out the procedure, but only on the procedure
itself, and specialty procedures are more highly priced than typical primary care procedures, this payment
system generates financial incentives for PCPs to substitute primary care procedures for more specialized,

remunerative procedures when possible.

A.2 Standard Multinomial Logit Demand

This section presents what the model would look like if it was simplified to a standard multinomial logit

model of demand.

I assume the household to face the following utility function when buying product j in market ¢:

Uijt = xjtﬁ + )\RVUJt — QPjt + €ijt €ijt iid ~T1IEV
5jt = :L'jtﬁ + )\RVUJt — apji

Markets, products, and characteristics are the same as in Section 5.

The simple logit demand assumes all individuals to be identical. Then, the market share of product j is equal
to the probability that product j yields the highest utility, which happens if the e disturbance of product j

is high enough with respect to the alternatives:
sjt = Pr (8 + ARV U}t — apji + €i5t) >Pr (xS + ARV Uit — appe + €i1t) Yk # j (8)

Thanks to the properties of the type-1 extreme value distribution, this reduces to the share of product j

being equal to:
exp {.Tjt,B + /\RVUJt — ozpjt}

Sit =
/ 1+ 2,1;715 exp {ztf + ARV Uyt — appe}

9)

26



Table A.1: OLS Regression of Price on Chosen Instruments

Variables y = Price
Procedure GAF 840.80
(52.15)
Practice Expense GAF -82.06
(23.40)
Malpractice GAF 13.18
(5.59)
Malpractice Reimbursement 748.50
(1.83)
Constant -677.70
(49.00)
Observations 142,112
R? 0.54

Notes: This table shows the coefficients obtained by regressing price on the chosen
instrumental variables. Standard errors in parentheses.

To estimate this demand, notice that:

log (@) -
S0t

_ exp {zjiB8+ ARVUj; — apji} exp {0}
log (sj¢) —log (sot) = log 1175 —log 1175
143> =7 exp {zeB + ARV Uit — appe ) 143 =7 exp{zkt 8 + ARV Ukt — appe
1175
log (sj¢) —log (sot) = log(exp{z;t8+ ARVUj; —apj;i}) — log <1 + Z exp{zktB + ARV Uy — apkt}> +
k=1

1175
—log (exp {0}) + log (1 + > exp{zpe + ARV Uy — apk&)
k=1

log (sj;) —log(so:) = log(exp{xj8+ ARVU;; —apji}) —log (1)
x84+ ARVU;¢ — apjt

log (s;¢) — log (sot)

The estimation would then be equivalent to an IV regression with the same instruments described in the

body of the text.

A.3 Model-Implied Marginal Cost Regression on Input Costs

Table A.1 shows the results from a regression of the instruments discussed in Section 6 on price. The

instruments explain about 54 percent of the price variance with highly significant coefficients.

The marginal costs can be backed out from the estimates of the model. Table A.2 shows the results from
a regression of the marginal costs implied by the model on the instrumental variables chosen for a random

market, i.e., rural Kansas. Marginal costs are well fitted by the instrumental variables representing input

27



Table A.2: Regression of Marginal Costs on Cost Shifters, Rural Kansas

Variables (1) (2)
Procedure GAF 774.20 766.19
(1.68) (1.66)
Practice Expense GAF -72.10 -71.67
(1.74) (1.73)
Malpractice GAF 0.07 0.07
(1.40) (1.39)
Procedure GAF? -417.51 -413.38
(1.69) (1.66)
Malpractice Reimbursement 0.42 0.42
(13.71) (13.67)
Malpractice Reimbursement? -0.04 -0.04
(6.81) (6.80)
Procedure GAF*Practice Expense GAF 71.53 71.12
(1.74) (1.73)
Random Error -0.004
(0.44)
Constant -353.80 -349.93
(1.65) (1.63)
Observations 272 272
R? 0.74 0.75

Notes: Exemplary results for one market. Marginal costs estimated are regressed on the instrumental
variables used in the paper, showing a good fit of cost variance. T-Statistics in parentheses.

costs, with an R? equal to 0.74.

A.4 Robustness of Reimbursement Effect on Probability

Table A.3 shows the results from the logistic regression as explained in Section 6 on a widened range of
procedures, carried out by specialists 50 to 80 percent of the time, and by PCPs the remainder of the time.
The positive effect of the reimbursement rate is consistent. The increase in the probability of providing
specialty procedures, independently of the number of services provided, is about the same as before. Once
I include frequency weights, the probability is about half. This is due to the fact that I am now including
many procedures that are generally provided by PCPs to begin with, so that these procedures are more

homogeneously carried out across the physician population.
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Table A.3: Logit: y=1 if PCPs increase the number of specialty procedures carried out - 20-50%

Variables (1) (2)
Change in Procedure Reimbursement 0.14 0.21
(0.02) (0.003)
Change in Malpractice Reimbursement -0.62 -2.00
(0.03) (0.01)
Change in Practice Expense Reimbursement 0.02 0.50
(0.01) (0.001)
Change in Procedure GAF 10.30 32.83
(1.40) (0.15)
Change in Malpractice GAF -0.003 0.17
(0.02) (0.002)
Change in Practice Expense GAF -2.64 -7.34
(0.56) (0.06)
Constant 1.77 2.58
(0.003) (0.003)
Frequency Weights NO YES
Observations 2,304,888 2,304,888

Notes: Logistic regression of variables of interest on whether or not primary care increases the specialty
procedures provided, with and without frequency weights. The procedures included are those that are carried
out by PCPs, on average, between 20 and 50% of times as suggested by the specialization index previously
discussed. Year dummies are included. Standard errors in parentheses.
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