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I. 
Introduction

The relationship between regulated fee schedules and physician labor supply is the subject of an extensive empirical literature (Escarce 1993, Hurley et al. 1990, Mitchell et. al. 1989, Paringer 1980, Rice 1984, Wedig 1993, and Yip 1994).  In a commonly-employed methodology, the supply of a specific service is related to its fee to determine the direction and intensity of the price effect on supply.   The theoretical issues at stake are whether physicians are imperfect agents for their patients, whether their labor supply curves bend backwards and whether fee reductions lead to increases or reductions in supply.  There is no consensus on these issues at present.  

A weakness of the aforementioned methodology is that no attempt is made to condition the analysis of physician behavior on referrals to and from other physician specialties.   This is an important methodological omission for at least two reasons.  First, variation across physicians in a particular physician’s propensity to treat or refer may account for a large amount of the fluctuations in observed supply over time.  Failure to incorporate the determinants of referrals is an important omission from the model that, at minimum, reduces the efficiency of statistical estimates.  Second, the decision to refer, may be influenced by fee schedules themselves.  If it is, failure to model the referral process misses a key structural feature of the fee response.  In short, while changes in relative prices may affect the intensity of treatment delivered, it may also affect whether a provider delivers care at all or refers the patient to another provider for care. Excluding such an important effect would bias estimates of the effects of fees on supply, conditional on referrals.

 
This paper develops and tests a model of both the referral and treatment process in an effort to address these issues and obtain more precise estimates of physician labor supply in response to price changes.   The goals of the paper are to first estimate treatment decisions that are conditioned on referrals, and thus provide a less biased and more efficient estimate of the treatment effect of fees.  Second, we wish to estimate the determinants of the referral process, including the role of fees on referrals.  Taken together, our approach offers a more comprehensive, structural approach to studying the effects of fees on physician labor supply.

The theoretical foundation of fee schedule effects is based on the premise of imperfect physician-patient agency.  Perfect agency implies that patient treatments are independent of physician compensation and tied only to clinical measures of the patient’s condition and, in some cases, the patient’s financial circumstances
.  Responses to fee schedules indicate that physicians weigh, in part, their own financial circumstances against some measure of patient health or utility when making treatment decisions.  Imperfect agency, defined in this particular way, is a key component of all models of physician supply.

In our model, we extend the notion of imperfect agency to both the treatment and referral processes.  Patients initially seek care from a primary care physician (PCP) who chooses whether to treat the patient or refer the patient to a specialist.   If the physician refers the patient, the specialist must decide how to treat the patient, based on their ability to more accurately diagnosis the patient.  If the patient is not referred, they receive treatment from the PCP.  

Agency considerations enter the model in two ways.  First, agency affects the treatment decision itself.  In our model, specialist treatments are determined by the tradeoff between the effect of treatment decisions on physician income and patient health as in most models of agency.  Second, agency concerns enter into the referral decisions of primary care physicians (PCPs), who base their referral decisions, in part, on the expected utility patients will receive from specialists.  PCPs can “protect” their patients from poor specialty agency relationships by declining to refer the patient to the specialist.

The incorporation of agency relationships into the referral process has important implications for the relationship between fees and supply.  Even if fees cause the conditional labor supply of physicians to grow, the overall supply of services may contract if referring physicians react by reducing referrals.  We speculate that this may explain why some studies fail to find the expected positive relationship between physician labor supply and fees. 

The paper’s empirical section estimates the structural model of referrals and treatment.  Using micro-level data on treatments and referrals, separate equations are estimated for surgical treatments (the treatment effect) as well as specialty referrals (the referral effect).  Empirical tests of the structural model enable us to test the effects of fees both on care directly and indirectly, through their effect on patient referral.

While motivated by our interest in understanding the role of referrals in overall physician labor supply, our model is also related to the general issues of efficiency and efficacy of care.   In our model, reductions in the surgical rate and increases in the referral rate may increase the efficacy of care even if overall expenditures do not change.  This is because a more appropriate standard for surgery is applied to a larger population. The implications of our model for patient outcomes may be a topic for future research.   Our results also have important implications for third party payors and firms that employ physicians.  Given that these organizations are concerned with eliciting a specific level of treatment intensity and resulting labor supply by physicians, knowledge of how physicians are likely to respond to fee changes.  Further this model can be used to develop optimal compensation contracts with physicians.

The paper is organized as follows.  In section 2 we develop the basic model.  Section 3 provides the model’s solution while section 4 develops the key comparative statics.  Section 5 outlines the data and empirical methods.  Results are given in section 6.  The paper concludes with a discussion in section 7.

II.
The Model

We present a model that shows how both treatment decisions and physician fees jointly influence referrals.  The overall goal is to show the effect of physician fees on the treatment choices made by primary care physicians, medical specialists, and surgical specialists.  All physicians are assumed to maximize an additively separable utility function in income and patient health.  When physicians make a treatment choice they trade off income with the marginal utility they receive from patient health.  The primary care physician further evaluates the incremental changes in patient utility derived from treatment by either medical or surgical specialists, conditional upon their fee schedule, compared with her own treatment.  The difference in patient utility associated with care by other providers when evaluated against the income the PCP can earn from the patient determines the point at which a patient will be referred.  Since patient utility enters each physician specialist utility function we develop this model by first characterizing patient utility.  We then develop the objective function of the specialist, characterize the difference in patient utility resulting from care delivered by specialists as compared with PCPs and then solve for the referral decision by the PCP.  Comparative static results with respect to the effect of price changes on treatment and referral naturally follow. 

II.A 
Patients

Patients are fully insured for their treatment and maximize their expected utility, conditional on their illness.   It is assumed that all patients seek care through a primary care physician
 (PCP) and follow the advice of the PCP regarding possible referrals to a specialist.  Thus, patients play a passive role in the basic model. 

II.B
 Physicians

There are three classes of physicians: 1) primary care physicians, (PCPs), with whom an initial contact is made, 2) medical specialists, (MS) who provide a more intensive type of medical care which may substitute for some care delivered by the PCP and 3) surgical specialists, (SS), who provide surgical care, if they choose to perform surgery.

All three classes of physicians maximize a utility function in net income and patient utility.  The physician’s marginal rate of the substitution between income and patient utility may differ across the three classes of physicians and specialties and is assumed to be constant across all income levels
.  Thus, each physician’s problem is,


[image: image1.wmf])

,

(

)

max(

u

U

U

P

=

                (1)
where u represents patient utility.

This representation of physician utility has been used previously (Wedig, (1993)).  Either physician preferences or market constraints may determine the marginal rate of substitution between profits and patient utility (MRS).  The model’s predictions are the same in either case.   

II.C
 Diagnoses

We consider a single diagnosis whose underlying severity, d, falls within the unit interval, 
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.  For example, the single diagnosis may be heart disease with a range of severity within this diagnosis, reflecting the fact that some patients benefit most from surgery while others are best off with a medical intervention.

PCPs observe (diagnose) d  imprecisely.  Formally, the PCP's diagnosis results in a posterior distribution of d that is uniformly distributed with lower support d(L), upper support, d(U) and expectation equal to [d(U) + d(L)]/2.   Thus, following diagnosis, the PCP is able to assign to the patient’s case to a particular uniform distribution of d, but is unable to specify the exact value of d.  We will assume that d(U) – d(L) = (, the “range” of possible diagnoses, is the same across all patients. 

Specialists (both MS and SS), on the other hand, are assumed to observe d without error, provided that the patient is referred to them.  This is a benefit of their specialty training.  PCPs know that a specialty referral will result in a more precise diagnosis.  When deciding to refer, the PCP not only trades off income with patient utility but also must be mindful of the incentives specialists have to report and act upon this information in an unbiased fashion (as discussed below).

II.D
 Utility of Treatment

Patients gain utility (benefits) from the treatments provided by PCPs or specialists.  For many diagnoses, treatments are of two distinct modalities.  For the sake of simplicity, we refer to these as either medical or surgical treatments.  The two treatments are distinguished by their effectiveness over different ranges of severity.  In particular, for medical treatments delivered by the PCP, utility is given by  U = (1 - d)  while for surgical treatments, U = (d).


According to this representation of utility, patients gain most from medical treatments where d <(1/2) and gain more from surgical treatments where d >(1/2).  The utility function captures the idea that, for diagnoses where a surgical option exists, the surgical option is not strictly preferred over all ranges of severity.   Over less acute ranges of illness, the time costs and risks associated with surgery may outweigh the limited incremental benefit surgery provides relative to a medical option.  For example, anti-coagulant therapy may be employed for those patients.

Finally, within the medical modality, we assume that medical specialists can provide a more intensive range of treatments.  We assume that this results in higher utility under the medical modality and a smaller decrease in utility at higher ranges of severity.   Formally, medical treatment by a medical specialist gives utility as follows: U = (1 - ( d)  where ( is some parameter less than 1.

Figure 1 depicts the value of these treatments as a function of d.   On the vertical axis of this graph we depict patient utility associated with treatment provided by each class of physicians.  When the PCP treats the patient, the net patient utility is a declining function of severity.  This reflects the fact that medical treatments become less effective as a means of fully restoring health at increasing levels of severity.  For example, drug based treatment of heart disease in the presence of occluded coronary arteries may be relatively ineffective. Patient utility is similarly declining in severity when an MS provides the treatment. The decline is not as rapid however, given the increased value of their specialty training in more severe cases.

On the other hand, the benefit of surgical treatment is an increasing function of underlying severity.  Surgical benefits lie underneath medical benefits at lower ranges of severity.  This may reflect the increased risks associated with surgery relative to their modest benefits at low levels of severity.  At higher levels of severity the benefits of surgery become more apparent and surgery, in spite of its risks, becomes more effective than medical treatment.

In general, the upper envelope of Figure 1 gives the patient’s highest level of utility across the continuum of illness severity.   While the scale of the graph depicts the worst outcomes at middle ranges of severity, the model should not be interpreted in this literal fashion.  While the graph correctly depicts the relative efficacy of treatments at different levels of severity, the absolute outcomes would be decreasing in severity, rather than U shaped.  This is a natural result of the fact that as illness severity increases the probability of a restoration to full health decreases.  Including such a probability would give the desired negative slope, although it would not change the relative positions of the graphs that are the focus here. 

II.E Referral Process and Treatments

Finally, assumption 5 concerns the referral process and treatment decisions.  It is assumed that patients seek care from a PCP.  The PCP diagnoses (imprecisely) and, in turn, may decide to treat or refer the patient.  If the PCP treats, the patient gets the standard benefits from a medical treatment.  If the PCP refers, he may choose to refer to refer to either a medical or surgical specialist.

Patients who are referred to a medical specialist automatically receive medical treatment from the medical specialist.  On the other hand, patients who are sent to the surgical specialist are evaluated by the surgeon who assesses the need for surgery.  If the surgeon chooses not to perform surgery, then the patient is sent back to the MS for medical treatment.

Each physician’s decision is made within the context of utility maximization.  In some extensions to the model (not shown in this paper) we will consider options the medical specialist may have to refer on to the surgeon.

III 
Model Solution

This section provides a solution to the model described above.  The aim is to solve for both treatment decisions as well as referrals, so that the entire path of patient treatment can be inferred.  The model solution can then be used to analyze the effects of fee changes on the nature of patient-level treatment, as well as their efficiency.

The model is solved by first modeling the treatment decisions of PCPs and specialists.  Conditional on these treatments, we are then able to solve for patient referrals.

III.A 
Treatment Decisions of PCPs and Specialists

Treatment decisions of PCPs and medical specialists are an exogenous feature of the basic model.  If the patient is treated by a PCP or medical specialist (MS), it is assumed that the patient receives medical treatment, independent of their level of severity, d.  In this case, the patient obtains the utility from medical treatment, as defined in section II.d.

On the other hand, if the patient is treated by a surgeon, the patient may or may not receive surgery.  For each patient, the surgeon weighs both the financial consequences and patient benefits resulting from the surgery.  Denote MRS as the marginal rate of substitution between income and patient utility, as viewed by the surgeon.   MRS may be determined by the surgeon’s preferences or by market constraints, as noted earlier. Suppose that in the event surgery is not prescribed, the patient receives medical care from the PCP.  Then the surgeon will prescribe surgery if, 
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, where P(s) denotes the profits from surgery and where (2d-1) denotes the difference between patient utility from surgical versus medical treatment.

Likewise, define d* as the critical value of severity above which the surgeon prescribes surgery and below which the patient is referred back for medical treatment.  We refer to this as the surgeon’s “surgical threshold”.  The value of the surgical threshold, d*, is given by
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Note that d* <1/2, so long as the profits from surgery are positive.  Note, moreover, that the specific value of d* depends upon the profitability of surgery and the relative weight attached to patient utility, as expressed by MRS.

The treatment decisions of the three types of physicians, conditional on treatment, are expressed in the following table.  In the case of PCPs, this is the treatment prescribed in the PCP decides not to refer the patient.  In the case of specialists, these are treatments prescribed conditional on receiving a referral.

Conditional Treatments of Patients*

	Physician
	Treatment
	Patient Utility From Treatment

	PCP
	Medical
	u= (1-d)

	Medical Specialist (MS)
	Medical
	u = (1-kd)

	Surgical Specialist (SS)
	Surgical if d>((1/2)-(P/2MRS));

Else patient is referred back for medical treatment.
	u = d if surgical;

Else u = medical utility given above.


.

* Conditional on specialist receiving referral or, in the case of PCP, conditional on not referring the patient to a specialist.

III.B Referral Decisions of the PCP

The solution is completed by solving for the referral decisions of PCPs.  PCPs make two types of referral decisions: 1) whether to treat or refer the patient and 2) conditional on a referral, whether to refer the patient to a medical specialist or a surgical specialist.  The two decisions are linked in that the decision of whether to refer at depends upon where the referral is being made.   For this reason, we solve for the latter decision first.

III.B.1 Referrals to Surgeon Versus Medical Specialist

Assuming the PCP refers, the PCP must decide what ranges of d call for a surgical versus a medical referral.  This decision depends upon the difference in expected utility from the two different types of referrals.  

In analyzing this decision, it is important to keep in mind that the PCP knows only that the true diagnosis is uniformly distributed between lower support, d(L) and upper support, d(U).  The PCP can only infer the net utility of referring to one specialty or another on an expected basis.  The decision rule for making such referrals, moreover, must be keyed to observable elements of the diagnosis, such as the upper support, d(U).  

Assume the PCP refers to the surgeon instead of the medical specialist. Note that the difference in expected utility between a medical versus a surgical referral arises from a specific range of d in which the surgeon performs surgery rather than referring the patient back for medical treatment.  As a result, the difference in expected utility is given b
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The integrand represents the difference between utility from medical and surgical treatment (d – (1 – (d)), while the limits of the integrand follow the range over which surgery would be prescribed rather than medical treatment.  Solving the integral yields:
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(3)                                                           
where ( = ((1+()/2),  and is some value less than 1.

The condition for referring to the surgeon, rather than the medical specialist, is given by 
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.  If we fix the value of (d(U) – d(L)), then surgical (rather than medical) referrals are made at (observable) critical values of d(U) that exceed a threshold.  We denote this threshold value of d(U) as D(s)  the “surgical referral threshold” (as distinct from the “surgical threshold, d*).  D(s) is implicitly as the point where (E(U) = 0, or where 
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The solution to this equation for D(s) is given as 
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.  For all values of d(U) above D(s), any referral is made to the surgeon and for values of d< D(s), any referral is made to the medical specialist.  This is conditional on a referral being made.  

III.B.2 The Decision to Refer

Consider next the PCP’s decision to refer or not to refer.  Referrals occur for values of d(U) that exceed a threshold we refer to as D(r ).  If D(r )< D(s), then over some intermediate range of observed d(U), referrals are made to the medical specialist, with only higher observed values of d(U) leading to surgical referrals.  In such cases, D(r ), the threshold for referral, is defined relative to the utility obtainable from a medical specialist and is thus referred to as the “medical referral threshold”.

Focusing on D(r ), note that the referral to the medical specialist increases patient expected utility as follows:
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Solving the integral gives
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Because d(U) > sigma, it follows that the RHS is increasing in d(U) as asserted.  It is also decreasing in (, as increases in ( diminish the specialist’s relative advantage.

Referrals occur where the increment in patient utility balances the lost revenues to the PCP from not treating the patient.  This is where (E(U) attains a critical threshold,  (.

This enables us to write the expression for D(r) implicitly, as,
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Solving for D(r), we have,
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Equations (4) and (8) summarize the path of patient referrals.  At critical values of d(U) >= D(r) the patient is referred to a medical specialist.  Once d(U) >= D(s), the referral to made to the surgeon.  This assumes D(s) > D(r).

Figure 2 depicts the referral process described above.  The vertical axis indicates the expected utility of treatments by each physician speciality as viewed from the PCPs (uncertain) perspective.  Expected utility varies with the upper support d(U) associated with the diagnosis.  For PCP and medical specialist (MS) treatment, E(U) is decreasing in d(U) while the opposite holds for surgical treatment.  


Referrals to the MS, from the PCP, occur at the value D(r), where the difference in E(U) from PCP versus MS treatment attains the critical value, (.  Likewise, the PCP chooses to switch the referral to the surgeon, rather than the MS, where the E(U) from the surgical specialist exceeds that of the MS.  This occurs at even higher values of d(U), labeled as D(s).

IV. Comparative Statics

IV.1 Overview


To understand the role of prices and other factors on the pattern of care delivered, we now turn to the model’s comparative statics.  We consider the effects of changes in individual specialty prices on both the care delievered by each specialty as well as the pattern of referrals.   

Results are stated as formal propositions whose proofs are based on the formal model.  The proofs are found in Appendix A.  The text focuses on the intuition behind the results.

IV.2 Changes in Surgical Prices

We start by modeling the effects of changes in surgical fees on the amount of surgical treatments provided.  In many models of physician behavior, it is thought that the effects of fee changes depend on the relative strength of income and substitution effects – it is possible for fee increases to result in fewer surgeries if surgeons are income targeters.  In the present case, we add an additional factor – the role of price changes on referral patterns.  If price changes affect the behavior of physicians, it is also possible that this will result in changes in referral patterns as well.  The referral effect, in turn, may offset the direct effects of prices on surgeon behavior.

Consider now, an increase in surgical prices, P(s), holding other prices constant.  The effects on total surgeries can be summarized in the following proposition:

Proposition 1: Consider an increase in surgical fees, P(s), holding other fees constant.  This results in: a) a decrease in the surgical threshold, d*, b) an increase in the surgeon’s referral threshold, D(s), c) an increase in the cases treated by the MS and d) an increase in the total number of surgeries performed by the surgeon iff d* > 1/3  and a decrease in total surgeries iff d* < 1/3.

Proof: See Appendix A.

Results a), b) and c) are quite intuitive.  The increase in surgical profits increases the rate of surgery (result a)), which causes PCPs to reduce their referral rates, (result b)), which leaves more referrals for the MS (result c)).  The most interesting result is result d) which states that the net effect on total surgery is ambiguous.  This is because the increases in the rate of surgery and the decrease in the rate of referrals have offsetting effects.  Interestingly, the referral effect may dominate, leading to a net reduction in surgeries following a fee increase.  This occurs where surgical rates are already quite high.  In these cases, increasing the rate at which one does surgery has a larger (negative) effect on discouraging marginal referrals than it does on increasing total surgeries from the inframarginal set of referrals. 

In some versions of the model, there may be no option for a medical referral.  In these cases, the PCP refers to a surgeon or not at all.  In such cases, the comparative statics of a surgical price increase work in a similar way.  That is, an increase in the surgical fee results in a decrease in d*, an increase in D(s) and an ambiguous effect on total surgeries.  However, the critical value of d* which signs this effect may no longer be equal to 1/3.

IV.3 Changes in PCP Prices

Consider, next, an increase in the prices paid for PCP services, P(p).  The effects on surgeries and referrals are summarized as follows:

Proposition 2: Consider an increase in primary care fee, P(p), holding other fees constant.  This results in: a) an increase in the cases treated by the PCP, b), an increase n the MS referral threshold, D(r), b) a decrease in the cases treated by the MS.

Proof: See Appendix.

These results are intuitive.  An increase in PCP fees increases the incentive to treat the patients without referral.  This increases the threshold for referral to a medical specialist and reduces the number of cases treated by the medical specialist.  The number of cases seen by the surgeon and treated surgically are unaffected in this case, because the focus is on the margin between the PCP and MS treatment. 

Finally, we note that changes in MS prices have no impact on the results of our model because MS have no role in referrals and their treatment decisions are exogenous.

V.  
Data and Empirical Methods

Our model makes two general predictions: 1) physician labor supply responds positively to fees conditional upon referrals, 2) PCP referrals depend upon expected specialty physician labor supply, including their responses to fees.  For example, the surgical rate of surgeons may be an increasing function of surgical fees.  However, surgeons who supply surgery at a greater rate may receive fewer referrals.  Our empirical method is designed to test both hypotheses.  Estimating treatment regressions, in our case for surgeons, tests the treatment hypothesis.  Examining referrals as a function of specialists’ treatments tests the referral hypothesis.


The key to being able to test both hypotheses is to utilize data that are micro-based.  That is, because our model breaks patient care into referrals and behaviors conditional on referral, it is necessary to have data at the level of the patient encounter.  Also, these data allow the tracking of referrals.

V.1 Data

We obtained line-item claim level data on two health plans sponsored by a private insurer in a northeast metropolitan city with a population of approximately one million persons.  The data spans a seven-year period from 1990-1996.  The two health plans that comprise our sample, one an HMO and the other a traditional indemnity plan, account for approximately 75% of the market share in the region.  As a result the data used for this analysis measure the majority of the physician treatment in the region. 


The data includes line item detail on all physician-directed care delivered to patients in either plan during the seven- year period.   In order to limit the scope of the empirical analysis and relate the results more directly to the model, we chose to focus on care provided by four primary care specialties (family practice, general practice, internal medicine, and pediatrics), seven surgical specialties (neurosurgery, orthopedic surgery, plastic surgery, surgical oncology, general surgery, thoracic surgery, and vascular surgery), and six different medical specialists (dermatologists, endocrinologists, pulmonologists, neurologists, cardiologists and allergists).  

The data permit us to employ an episode of care framework in which we identify the first visit to either the surgeon (SS) or one of the medical specialists (MS), for a specified diagnosis.  We are then able to follow the patient forward in time to include care delivered by the medical specialist or a surgical procedure in the case of a surgeon as well as look backward six months in time to identify care delivered by the primary care physician for a diagnosis in the same diagnostic class
.  While patients in the indemnity plan were not required to obtain a referral prior to seeking care from a specialist, the vast majority of specialist visits were preceded by a visit to a PCP.


The data meet both basic requirements of our study design: 1) the data are micro-based, permitting analysis of patient treatments on a case by case basis, conditional on the physician seen and 2) the data permit a tracking of referrals, which enables us to test our hypothesis of factors that determine referrals.

V.2 Key study variables


Implementation of the two-equation strategy is predicated on a number of variables including measures of prices, and diagnostic controls.  Below, we describe the construction of key variables.

V.2.1 Creation of Composite Fees Associated With Diagnoses

To measure the price incentives associated with performing surgery, it was necessary to link general diagnoses with the fees associated with a surgical treatment of those diagnoses.  Because, typically, more than one type of surgery is associated with a diagnosis, we computed composite measures of surgical fees associated with each diagnosis.  Each composite fee is a weighted average of the fees paid for surgical procedures that are used to treat the diagnosis. 

The method for creating the composite fee is as follows.  All surgical procedures performed by surgeons with allowed charges greater than $50 were identified throughout the study period.  For each procedure code, we identified an allowed payment from the claims representing the fee schedule for a given plan and by each year in the study population.  We then identified all diagnosis codes associated with surgeons’ procedures.  For each diagnosis code, the frequency distribution of possible procedures was calculated.  For each diagnosis code, we then created a composite fee that represented the average reimbursement of all surgical procedures associated with a given diagnosis, weighted by the frequency of the procedure’s use for a given diagnosis.  The constructed composite fees used in the analysis were generated by plan for each study year. 

V.2.2 Creation of Composite RVU


Composite fees, in and of themselves, are not meaningful measures of reimbursement.  They need to be deflated by the effort and cost associated with supplying the surgery.  We constructed composite measures of RVUs to proxy the costs associated with providing a composite of surgical treatments.

We used the 1998 HCFA RBRVS table to identify to the total Relative Value Units (RVUs) associated with a given procedure code.  Using the set of surgical procedure codes mapped previously to diagnosis codes, we generated a weighted average RVU for a given diagnosis code.  This RVU average is weighted by the frequency of procedure use for a given diagnosis for the combination of seven years and two payers.  

V.2.3 Composite Fee Per RVU

Finally, we computed a yearly fee per RVU for each diagnosis by dividing the composite fee associated with each diagnosis by the composite RVU associated with each diagnosis.

V.2.4 Other Key Variables

A number of study variables were imputed from the claims data.  Given the breadth of the analysis, incorporating diagnoses and care for patients treated by many specialists, it is necessary to control for patient severity.  We employed the Ambulatory Care Grouping (ACG) System where each patient is assigned multiple categories contingent on the primary diagnosis, age and sex.  The ACGs are included as controls in both models. 

V.3 Empirical Strategy - Specifications

To test the hypotheses developed in the preceding section we estimated two empirical models, a physician referral model, and a surgical treatment model.


V.3.1 Surgical Treatment Model


We estimated a Probit specification to model the probability that a patient will receive surgery conditional on patient diagnosis, condition severity, surgical specialty, primary care physician specialty, the share of the physician’s practice that is accounted for by the HMO plan, and fee per RVU paid by the plan.  Controlling for patient and physician characteristics, consistent with a neoclassical model of supply, we anticipate that increased reimbursement leads to greater physician labor supply, and in this model, an increased probability of patient surgery.  We also included year and provider-specific fixed effects to control for unmeasured changes in the underlying provision of care as well as idiosyncratic differences in physician treatment patterns.


The purpose of this regression is two-fold: 1) to test the “treatment hypothesis” that increased fees lead to increased supply, conditional on referrals and 2) to devise measures of each surgeon’s propensity to provide surgery for a given diagnosis.  This corresponds to d* in the theoretical model, a key variable in the referral regressions.


To proxy d*, we use the parameter estimate on the physician fixed effect from the probit model.  The parameter estimate captures the marginal effect of that particular physician on the probability of surgery controlling for patient characteristics and prices.

V.3.2 The Referral Model


We also estimate a linear probability model to model the PCPs choice to refer as a function of patient characteristics (age, sex, ACG), and physician characteristics (percentage of the physician practice accounted for by the HMO), the PCPs own relative prices faced and a proxy for d* which is a composite measure of the d*s for the network of surgeons to which the PCP has historically referred.  The theoretical model predicts that the PCP’s referral behavior is influenced not only by the prices they face (entering through income in the physician’s utility function) but also the probability that the surgeon will perform surgery as influenced by their own prices (d*)).  This enters the PCPs objective function through the valuation they place on patient health and the corresponding difference in patient health that a surgical intervention will yield. 

VI. Results

VI. Results of Surgical Regression

Table 1 provides the results of the surgical regression in which the dependent variable is a measure of whether surgery was performed (=1) or was not performed (=0).  The results presented in Table 1 are presented catgeorically corresponding to financial measures (price, patient insurance type, the surgeon’s practice characteristics (share of practice from HMO, specialty), year dummies, ),  the patient’s condition (ADGs, age, sex)) and finally individual physician intercepts (not shown in Table 1).  As noted, the physician intercepts, as well as the financial effects, help to operationalize our theoretical measure d*.

Turning to the results, we note first that the measure of weighted price has a positive effect on the likelihood of surgery, as hypothesized.  The effect is highly significant as well.  To get a sense of the magnitude of the effect, we consider the impact of an increase in the dollars paid per RVU of $10 (the mean payment per RVU is $50).  A $10 increase evaluated at the mean of other variables increases the likelihood of surgery by approximately .2%.  Thus, in a patient population of 1000, 2 additional persons would receive surgery under this scenario.  Conversely, enrollment in the HMO reduces the likelihood of surgery.  Compared to enrollment in the other plan, the reduction in likelihood is approximately 3%.

Consider, next, the effects of the surgeon’s practice characteristics.  Relative to general surgeons, and holding diagnostic characteristics constant  we find that cardio-thoracic and cardio-vascular surgeons are more likely to perform surgery while neurosurgeons, orthopedic and plastic surgeons are less likely to perform surgery.  Similarly, each surgeon’s share of practice business in the HMO increases the likelihood of surgery.  This may seem surprising, a priori, but it should be noted that the HMO actually pays higher, on average, than the non-HMO.

Our patient condition effects, as reflected in the ADGs and age and sex covariates also work as expected.  Males are more likely to receive surgery according to our results as well as those in older age groups.  Many of the ADG controls are significant as well.  Conditions that are associated with a high likelihood of surgery include….., while conditions such as    and are associated with a low likelihood of surgery.

Finally, a large number of the physician intercepts are statistically significant as well.  In some cases, the coefficients exceed a value of 1.  This translates into an increased likelihood of surgery of in excess of 20%.

In summary, the results of the surgery regression confirm the expected effect of price on the rate of surgery, although the magnitude of the effect is relatively small.  In addition, there are sizable individual physician effects on the likelihood of surgery.  Their role on the referral process is examined in our second regression.

VI.2 Referral Regression Results

The results of the referral linear probability regression are given in Table 2.  The dependent variable is an indicator variable that indicates that a PCP either referred or did not refer a patient to a surgeon within six months of the initial visit.  A surgical referral is only indicated where the first referral is made to a surgeon.  The model is estimated on 1,028,239 observations with an adjusted r-squared of .0975.

As before, explanatory variables are divided into categories for financial variables, practice variables, and clinical variables.  In addition, we incorporate a measure of the surgeon-specific intercepts, estimated from the surgical regression.

Turning to the results, we finding that the surgeon-specific intercepts have a negative effect on referrals, as expected.  However the result is not statistically significant.  In addition, the PCPs price reduces referrals, also as expected.  Here the result is statistically significant.

Amongst the other variables, we find a negative time trend in the likelihood of a referral and a positive effect of the HMO in the likelihood of a referral.  On the other hand, the percentage of the physician’s practice made up by HMO patients reduces the likelihood of referral.  Males are less likely to be referred to a surgeon while older age categories are more likely to be referred.  Finally, many of the large number of ADG groupings are statistically significant as well.

VII. Conclusion

The sizable literature on the effects of fee schedules on physician labor supply has to date, failed to reach a consensus on key issues such as the effects of fee reductions on overall expenditures and the slope of the physician’s labor supply schedule.  In this paper, we have argued that a fully specified model of physician labor supply should account for the role of referrals and that failure to do so may bias estimates of labor supply responses.

This paper represents a first effort at incorporating referrals into the basic model.  Our findings in this area are two-fold.   First, theoretically, referrals provide a second role for agency.  Prices affect the treatment of each patient, but also impact the rate of referrals.  We find that an increase in prices may increase the intensity of treatment on a patient by patient basis, but that the effects of treatment intensity on referrals may offset these effects.  Second, empirically, we find that surgical fees unambiguously increase the likelihood of surgery while individual physician propensities to perform surgery reduce the likelihood of surgery.  While these effects are consistent with our model, they are small in magnitude.

The implications of our work are potentially quite important.   Methodologically, our results suggest that it is important to control for referrals when assessing the effects of fee scehdules, especially on specialty labor supply.   Controlling for referrals, according to our model, increases the likelihood of finding a positive relationship between price and quantity.  Our results on surgical rates confirm a positive relationship.  Second, a full understanding of physician labor supply, and the role of prices, must incorporate a model of the referral process.  Our results suggest that factors other simple diagnostic categories also impact the referral process.

Future research may be aimed in a number of areas.  Empirically, additional efforts to model the role of prices on treatments and referrals should be undertaken.  In particular, the proper measurement of price and treatment intensity needs to be explored further.  Second, the path of referrals is potentially very complex, encompassing intermediate referrals to medical specialists prior to a surgical referral.  A fully comprehensive model of the referral process should encompass all potential paths of the referral process.  Finally, the implications of our work for the efficacy (outcomes) of medical care can also be explored.  Of particular interest is the question of whether the referral process can be manipulated to lead to better patient outcomes.   

Figure 1: Utility of Different Treatments

                                                                                U(SS)

                                                                                     U(MS)

                                                            U(PCP)


                                                                               

                                                                                1.                        d

This figure depicts patient utility as a function of the underlying severity of the medical condition, d.  Utility is depicted for three different types of medical treatment: 1) medical treatment by a PCP, 2) medical treatment by a medical specialist and 3) surgical treatment by a surgeon.

The utility of treatment from a PCP is declining in d, indicating the declining ability of medical treatments to treat severe cases.  The same is true for treatments by the medical specialist, although utility declines at a  slower rate, to indicate that MS are better able to handle severe cases with medical treatment.

Utility from surgical treatment is an increasing function of severity, indicating that the value of surgery is an increasing function of severity.

Figure 2: PCP Referral Decisions as a Function of d(U)
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This figure depicts the expected utilities obtained from different specialists and the PCP’s referral decisions as a function of the upper limit the PCP assigns to the patient severity.  For values of d(U) below the D(r), the PCP does  not refer the patient at all.  Here, the increase in patient utility obtained by referring to a medical specialist falls below the critical value of (.  For values of d(U) between D(r) and D(s), the referral is made to the medical specialist, because expected utility from the MS exceeds that from a surgical referral.  Finally. For values of d(U) > D(s) the referral is made to the surgical specialist.

Table 1: Surgical Model Results

	Variable
	Parameter
	S.E.
	Chi-Sq
	Pr > Chi -sq

	INTERCPT
	-0.00655
	0.3436
	0.0004
	0.9848

	BCHOICE
	-0.1379
	0.01
	188.624
	0.0001

	C_SHARE
	0.1839
	0.0341
	29.0102
	0.0001

	WGTFEE
	0.00117
	0.000131
	79.7196
	0.0001

	YEAR91
	0.00266
	0.0146
	0.0331
	0.8556

	YEAR92
	0.0309
	0.0144
	4.5932
	0.0321

	YEAR93
	0.0384
	0.0145
	7.0395
	0.008

	YEAR94
	-0.1923
	0.0153
	157.946
	0.0001

	YEAR95
	-0.1072
	0.0164
	42.5022
	0.0001

	YEAR96
	-0.0544
	0.017
	10.2859
	0.0013

	SPECCT
	0.4015
	0.1338
	9.002
	0.0027

	SPECCV
	0.1682
	0.0349
	23.2459
	0.0001

	SPECNS
	-0.3133
	0.7606
	0.1697
	0.6804

	SPECOS
	-2.0439
	0.3791
	29.0621
	0.0001

	SPECPS
	-0.1619
	0.5785
	0.0783
	0.7796

	ADG01
	-0.2087
	0.0107
	381.8746
	0.0001

	ADG02
	-0.0507
	0.0118
	18.4116
	0.0001

	ADG03
	0.1773
	0.0128
	192.2682
	0.0001

	ADG04
	-0.00946
	0.0163
	0.3358
	0.5623

	ADG05
	-0.1533
	0.0233
	43.3156
	0.0001

	ADG06
	-0.0651
	0.0246
	7.011
	0.0081

	ADG07
	-0.2165
	0.0119
	330.1214
	0.0001

	ADG08
	-0.074
	0.0149
	24.7073
	0.0001

	ADG09
	0.0158
	0.0254
	0.3867
	0.534

	ADG10
	-0.00816
	0.00973
	0.7033
	0.4017

	ADG11
	0.064
	0.0116
	30.6233
	0.0001

	ADG12
	-0.0224
	0.0188
	1.4172
	0.2339

	ADG13
	-0.0253
	0.0315
	0.649
	0.4205

	ADG14
	-0.0398
	0.0188
	4.4874
	0.0341

	ADG15
	0.00665
	0.0779
	0.0073
	0.9319

	ADG16
	0.0867
	0.0173
	25.2264
	0.0001

	ADG17
	-0.0809
	0.026
	9.6914
	0.0019

	ADG18
	-0.1439
	0.0168
	73.4508
	0.0001

	ADG19
	0.1209
	0.0541
	4.9954
	0.0254

	ADG20
	-0.1536
	0.0168
	83.5178
	0.0001

	ADG21
	-0.2347
	0.011
	458.971
	0.0001

	ADG22
	0.988
	0.00978
	10207.81
	0.0001

	ADG23
	-0.0421
	0.0151
	7.7097
	0.0055

	ADG24
	-0.0342
	0.0275
	1.5473
	0.2135

	ADG25
	-0.1231
	0.0298
	17.0792
	0.0001

	ADG26
	-0.1428
	0.0117
	149.2921
	0.0001

	ADG27
	-0.3142
	0.011
	822.3699
	0.0001

	ADG28
	-0.0476
	0.00915
	27.1059
	0.0001

	ADG29
	0.3585
	0.00918
	1524.717
	0.0001

	ADG30
	0.011
	0.0237
	0.2167
	0.6415

	ADG31
	0.1442
	0.0106
	185.1427
	0.0001

	ADG32
	0.2938
	0.0163
	325.9985
	0.0001

	ADG33
	0.0347
	0.0401
	0.7498
	0.3865

	ADG34
	-0.3015
	0.1536
	3.8497
	0.0498

	MALE
	0.1662
	0.0075
	491.5513
	0.0001

	AGE0005
	-0.0245
	0.0198
	1.533
	0.2157

	AGE0618
	0.1123
	0.0141
	63.2922
	0.0001

	AGE1934
	-0.0348
	0.012
	8.4765
	0.0036

	AGE4554
	-0.013
	0.0127
	1.0472
	0.3062

	AGE5564
	0.0393
	0.0137
	8.291
	0.004

	AGE6599
	0.0408
	0.0136
	8.9638
	0.0028


Table 2: PCP Linear Proability Referral Model 

	Variable
	Parameter
	S.E.
	T-Stat
	Prob > T

	INTERCEP
	0.008557
	0.001086
	7.878
	0.0001

	BCHOICE
	0.003297
	0.000573
	5.751
	0.0001

	RFSTAR
	-0.00099
	0.001312
	-0.752
	0.4521

	PC_SHARE
	0.002619
	0.000883
	2.966
	0.003

	PCOMPFEE
	-1.6E-05
	4.16E-06
	-3.872
	0.0001

	YEAR91
	0.001598
	0.000578
	2.764
	0.0057

	YEAR92
	0.00575
	0.000607
	9.478
	0.0001

	YEAR93
	0.010041
	0.000663
	15.146
	0.0001

	YEAR94
	0.006407
	0.000539
	11.888
	0.0001

	YEAR95
	0.015727
	0.000697
	22.555
	0.0001

	YEAR96
	0.025181
	0.000806
	31.248
	0.0001

	PCPGP
	-0.00555
	0.000928
	-5.982
	0.0001

	PCPFP
	-0.0048
	0.000472
	-10.148
	0.0001

	PCPPD
	-0.00601
	0.000684
	-8.786
	0.0001

	DXSRG01
	-0.0055
	0.001191
	-4.615
	0.0001

	DXSRG02
	0.11355
	0.001754
	64.746
	0.0001

	DXSRG03
	-0.01581
	0.00084
	-18.814
	0.0001

	DXSRG04
	-0.00976
	0.001919
	-5.086
	0.0001

	DXSRG05
	-0.0146
	0.001643
	-8.886
	0.0001

	DXSRG06
	0.001689
	0.000638
	2.646
	0.0081

	DXSRG08
	-0.01163
	0.000527
	-22.062
	0.0001

	DXSRG09
	0.039727
	0.000837
	47.452
	0.0001

	DXSRG10
	0.01476
	0.001014
	14.551
	0.0001

	DXSRG11
	0.003209
	0.028465
	0.113
	0.9102

	DXSRG12
	0.048538
	0.000892
	54.415
	0.0001

	DXSRG13
	0.153279
	0.000737
	208.062
	0.0001

	DXSRG14
	0.050105
	0.003561
	14.069
	0.0001

	DXSRG16
	0.000971
	0.000682
	1.424
	0.1543

	DXSRG17
	0.095401
	0.000894
	106.703
	0.0001

	ADG01
	-0.00143
	0.000499
	-2.868
	0.0041

	ADG02
	-0.00213
	0.000487
	-4.368
	0.0001

	ADG03
	0.011847
	0.000745
	15.911
	0.0001

	ADG04
	-0.0046
	0.000758
	-6.076
	0.0001

	ADG05
	-0.01577
	0.000851
	-18.538
	0.0001

	ADG06
	-0.00358
	0.000744
	-4.808
	0.0001

	ADG07
	-0.00819
	0.000528
	-15.495
	0.0001

	ADG08
	-0.00539
	0.000533
	-10.115
	0.0001

	ADG09
	0.001798
	0.001218
	1.476
	0.1398

	ADG10
	2.27E-05
	0.000502
	0.045
	0.9639

	ADG11
	-0.00264
	0.000579
	-4.561
	0.0001

	ADG12
	0.025032
	0.001571
	15.937
	0.0001

	ADG13
	-0.00207
	0.001224
	-1.69
	0.091

	ADG14
	0.000641
	0.00087
	0.737
	0.4611

	ADG15
	-2.2E-05
	0.003829
	-0.006
	0.9953

	ADG16
	0.024761
	0.001176
	21.06
	0.0001

	ADG17
	-0.00167
	0.000984
	-1.693
	0.0904

	ADG18
	-0.00019
	0.000764
	-0.246
	0.8056

	ADG19
	-0.01142
	0.003242
	-3.524
	0.0004

	ADG20
	-0.00838
	0.000851
	-9.839
	0.0001

	ADG21
	0.008815
	0.000691
	12.758
	0.0001

	ADG22
	0.023771
	0.000693
	34.325
	0.0001

	ADG23
	-0.0051
	0.000683
	-7.476
	0.0001

	ADG24
	-0.00029
	0.001263
	-0.23
	0.8179

	ADG25
	-0.01279
	0.001328
	-9.628
	0.0001

	ADG26
	-0.00455
	0.000559
	-8.145
	0.0001

	ADG27
	0.00932
	0.000643
	14.493
	0.0001

	ADG28
	-0.00256
	0.000452
	-5.662
	0.0001

	ADG29
	0.061933
	0.000623
	99.394
	0.0001

	ADG30
	0.001972
	0.001335
	1.477
	0.1396

	ADG31
	-0.00649
	0.000482
	-13.46
	0.0001

	ADG32
	-0.00717
	0.001207
	-5.939
	0.0001

	ADG33
	0.002145
	0.002202
	0.974
	0.3299

	ADG34
	0.006109
	0.007128
	0.857
	0.3914

	MALE
	0.006487
	0.000335
	19.374
	0.0001

	AGE0005
	-0.01502
	0.000792
	-18.964
	0.0001

	AGE0618
	-0.0107
	0.000761
	-14.047
	0.0001

	AGE1934
	0.002037
	0.000628
	3.243
	0.0012

	AGE4554
	-0.0055
	0.000646
	-8.511
	0.0001

	AGE5564
	-0.00614
	0.000677
	-9.071
	0.0001

	AGE6599
	-0.00958
	0.00075
	-12.777
	0.0001


Appendix A

Proposition 1: Consider an increase in surgical fees, P(s), holding other fees constant.  This results in: a) a decrease in the surgical threshold, d*, b) an increase in the surgeon’s referral threshold, D(s), c) an increase in the cases treated by the MS and d) an increase in the total number of surgeries performed by the surgeon iff d* > 1/3  and a decrease in total surgeries iff d* < 1/3.

Proof to Proposition 1:


Consider, first, the effects on d*, the surgical threshold. 

From our equation for d*, we have,
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This proves a).  Next, consider b).  Using the expression for D(s), we can write:
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Noting that 
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 it follows that,
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From this it follows (using the chain rule) that
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This proves b).  Note that c) follows from b) – a reduction in cases treated by the surgeon 

increases the cases treated by the MS.

Finally, consider d).

Start with an expression for total surgeries.
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Note that the integrand represents the proportion of cases, initially assigned d(U), that result 

in a surgery.  We integrate this value over the range of all referrals, from D(s) to the upper 

limit 1.

We note that, by the chain rule,  
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Likewise, we can write
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We have previously shown that  
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(A.7.), and solving, it follows that 
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The sign of the result will be positive if d* < (1/3) and vice versa.  Moreover, since d* is 

decreasing in P(s), it follows that S is increasing in P(s) only if d* > 1/3.  Otherwise the 

opposite sign holds.  This proves d).

QED
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� This is not to suggest however that perfect patient-physician agency would result in homogeneous and consistent treatment of patients due to the inherent subjectivity and differing opinions on the appropriate treatment for any presenting patient condition.


� This formulation is the common “gatekeeper” model in which it is necessary to receive a referral prior to obtaining care from a specialist.  Our data is gathered from two health plans, one in which a “gatekeeper” model is used and the other a traditional indemnity product in which the patient has direct access to a specialist if they so choose.


� This assumption effectively removes the possibility for income effects to drive our results. 


� Read literally, the graph indicates that care from a medical specialist always dominates care received from a PCP.  This may not be true in some cases, such as where the generalist’s training is useful for understanding a wide variety of symptoms.  However, the results of our model are qualitatively the same whether we assume that PCPs are more effective over a small range of d or not.


� If D(s) <=D(r ) then referrals are made to the surgeon only.  Likewise, of D(s) > 1, then  no referrals are made to the surgeon and all referrals are made to the medical specialist.


� Derivation available from authors.


� ICD-9 Diagnoses were grouped into one of 14 diagnosis classes corresponding to the body system involved.  This ensured that for the referral model, an observed visit to the PCP was related to the care delivered by the specialist.
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