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Abstract

In calculating damages in healthcare antitrust cases, the difference-in-difference (DID)
approach provides a potentially valuable means of controlling for lawful factors that influence
prices, such as case-mix and quality of care, as distinct from price differentials due to unlawful
behavior. After first comparing DID to traditional methods of estimating damages, this paper
uses DID to analyze data from a well-known case against Marshfield Clinic, a large multispecialty group practice that was found to have illegally allocated markets for physician
services in Central Wisconsin. Using a specification similar to what was used in the case, we
find that illegal behavior accounted for about one-half of the Clinic’s extra increase in costs per
patient during the damage period. The courts, however, were not persuaded that the analysis
adequately controlled for legal factors. We discuss potential pitfalls in using DID to estimate
damages suggested by the case, as well as possible ways around them.
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1. Introduction
Estimating damages in antitrust cases depends on being able to estimate what prices of goods
or services would have been in the absence of unlawful behaviors, such as price-fixing or
illegal market allocations. As such, it requires a method for deriving counterfactual or “but for”
prices that is both sound in terms of economic analysis and satisfactory in terms of legal
criteria. Estimating damages in healthcare cases can be especially challenging due to the
heterogeneous character of health-related ‘products’ and the relatively complex determinants
of prices. Notably, in cases related to physician or hospital services, measures of charges,
payments or costs of patients’ care are typically used to quantify prices, yet these can vary
considerably due to factors other than illegal behavior (McCarthy and Thomas 1995). For
example, average payments per patient may be relatively high for providers whose quality of
care is relatively high and/or who treat patients with relatively complex or serious conditions,
or they may be relatively low for providers who treat patients whose costs are reimbursed at
relatively low rates. Thus, regression methods are often used to estimate how illegal behaviors
affect prices, controlling for these other types of factors that would be expected to contribute
to their variation (Coleman and Langenfeld 2010).
The two traditional sets of methods for estimating damages confront special problems in
healthcare antitrust cases. ‘Yardstick’ methods using cross-section data have to deal with
problems of unobserved heterogeneities across providers: If some lawful factors affecting
prices (like quality of care or complexity of case mix) are difficult to measure and control for in
a regression analysis, yet they are thought to vary systematically between providers that were
and were not engaged in illegal behaviors, estimated effects of unlawful behaviors on patient
costs will be biased. ‘Before and after’ methods using time-series data get around this by
using observations from the period before the illegal behavior started to estimate
determinants of prices; then out-of-sample forecasts can be used to project how prices would
have evolved during the period of the conspiracy, had behavior remained lawful. However,
ability to make good out-of-sample forecasts requires adequate time-series data on prices in
the ‘before’ period, which is often not available in healthcare cases.
The difference-in-difference (DID) approach is potentially valuable for overcoming these
problems in traditional methods for estimating damages. The DID approach estimates effects
of illegal behavior by comparing changes in prices for providers who started engaging in illegal
behavior between one period and another, to changes in prices of those who did not. As such,
changes in prices among providers not engaged in the illegal behavior serve as the
counterfactual estimate of how prices would have changed in the absence of conspiracy; then
the extra change in prices for those involved in the conspiracy provides the basis for
estimating damages. This method abstracts from initial differences in levels of prices between
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those who became involved in the conspiracy and those who did not, assuming that whatever
differences had prevailed before the conspiracy started reflected other factors contributing to
variations in prices apart from illegal behavior.
This paper discusses the use of DID for estimating damages in healthcare antitrust and applies
the method to the well-known case of Marshfield Clinic, in which a large multi-specialty group
of physicians was found to have illegally divided up markets for physician services with other
providers in certain parts of central Wisconsin. In the next section of the paper, we briefly
review the difference-in-difference methodology and discuss its advantages over other
methods used to estimate damages in healthcare antitrust analysis. The third section of the
paper gives an overview of the Marshfield Clinic case, focusing on the remand phase in which
calculation of damages figured centrally, and lays out a DID method for estimating damages
which parallels the method used in the actual case. The fourth section presents results from
the DID analysis showing that, while average payments for physician services of Marshfield
clinic patients in the market-allocation area exceeded those of other patients in the state by
$309-326 during the market-allocation period, about one-half of this increase was attributable
to illegal behavior. The fifth section discusses the problems that arose in the Marshfield Clinic
case in persuading the courts that the DID method correctly isolated the effects of the illegal
market allocation. The paper concludes with more general discussion of potential pitfalls in
using DID methods to estimate damages in healthcare antitrust cases, as well as possible
ways around them.

2. Approaches to estimating damages and the difference-in-difference approach
The basic principle for estimating damages in antitrust cases entails estimating what prices
would have been “but-for” the anticompetitive act or set of acts in question.1 Then total
damages to the party or parties injured by the anticompetitive act(s) are estimated by
multiplying the difference between actual prices and the “but-for” or counterfactual prices by
the relevant measure of quantity. Central to the estimation of counterfactual prices is that
price variations due to legitimate and legal factors have to be separated from those associated
with unlawful behavior (Rubinfeld 2012). This is a particularly important issue in healthcare,
where standard measures of ‘price’-- such as charges or payments per inpatient stay or
annual spending for physician services -- are known to reflect hedonic differences in the
characteristics of services, such as quality of care, intensity of treatment, or severity of illness.
In this case, the method for estimating “but-for” prices has to compellingly separate out
differences due to unlawful behavior from differences due to these other factors.
1

Royall (1997) discusses the need to disaggregate damages when there are multiple illegal
acts.

4

There are two standard sets of methods for estimating “but for” prices. The first, referred to as
the “yardstick” or “benchmark” method, relies on cross-section data on prices of the relevant
goods or services (McCrary and Rubinfeld 2009, Langenfeld et al. 2010, Hovenkamp 2011,
Rubinfeld 2012). Depending on specifics of the case, the approach may either compare prices
between geographic areas in which anticompetitive behavior has taken place to prices for
comparable items in an otherwise similar area unaffected by the conspiracy, or it may
compare prices of products supplied by firms who were party to the conspiracy to equivalent
products of other firms who were not.2 A common problem here is making sure that all legal
sources of differences in prices across areas or firms are well-accounted for. For example, in a
regression analysis in which a dummy variable is used to indicate observations in areas where
firms’ behavior was anticompetitive, the estimated coefficient on this variable will give a
biased estimate of the effect of the conspiracy if included explanatory variables do not fully
cover lawful sources of variations in prices, yet these differ systematically across the two types
of areas.3
Thus, the second set of methods, known as the “before-and-after” approach, compares prices
in the relevant geographical area or of the relevant firms in a period before the unlawful
behavior began, to prices in a period when it was in effect.4 The model is estimated using data
from the “before” period, with an out-of-sample forecast used to estimate what the price
would have been in the period when the illegal behavior occurred, had it not occurred (White,
Marshall and Kennedy 2006). While this method gets around the problem of unobserved
differences in product quality or in characteristics across firms or across markets, estimating a
model with sufficient precision to permit out-of-sample forecasting requires a good length of
time-series data on prices in the period before the illegal behavior began.5

2

Various definitions for the approach have been offered. According to Hovenkamp (2011:316-2), “The ‘yardstick’ method is similar [to the before/after method] except that instead of
comparing a different time period the damages expert compares the plaintiff’s performance in
the damages market with its performance in some other market…” Langenfeld et al.
(2010:174) write that “…the benchmark approach uses prices in the unaffected market as a
control.” On the other hand, as McCrary and Rubinfeld (2010:1) state, “the benchmark
approach evaluates prices only in the market at issue, comparing prices in the impact period
to available prices before and/or after the alleged period of impact (the ‘control period’).” In
this paper “yardstick” and “benchmark” are used interchangeably to refer to the cross-section
comparison.
3
See the working paper version of this paper for longer exposition.
4
Alternatively, if data are also available for the period after the conspiracy ended, the
approach may be “before-during-after.” See Langenfeld et al. (2010: 167-173).
5
Thus, in healthcare antitrust, the before/after method is most often used in cases involving
pharmaceuticals, for which time-series data on prices are more commonly available. McCrary and
Rubinfeld (2009) show that, in cases where both approaches are possible, the yardstick/benchmark
and before/after approaches will yield identical estimates of overcharges due to price-fixing if the
level of sales of the product does not change during the price-fixing period. Estimates will differ,
however, if the level of sales changes in the price-fixing period.
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In antitrust cases where repeated cross-section or panel data are available, the difference-indifference (DID) approach can be used.6 To illustrate using an example that parallels the case
analyzed in this paper, suppose

is the price of a given healthcare service obtained by

individual i at time t.7 Determinants of price can be specified as follows:
(1)

where

is a dummy variable equal to one if the individual lived in an area in which firms

were engaged in an illegal behavior;

is a dummy variable equal to one for time periods

when the illegal behavior was in effect; and

is a vector of individual- or product-level

characteristics that might affect the price of the service other than the illegal market
allocation. Here the parameter

measures persistent unobserved sources of variation in

price between two areas. The parameter

captures broad-based changes in price between

the initial period and the period in which the illegal behavior took place; allowing for broadbased price growth is clearly important in healthcare applications, given widespread robust
growth in prices in recent decades.8 The parameter

, reflects the extra increase in price in

the area and in the period in which firms’ behavior was anticompetitive, and as such provides
a basis for estimating damages. Note that, for
included explanatory variables,

to have this interpretation, the set of

, must compellingly capture causes of differential changes

in prices between the two areas due to legal factors; otherwise the estimate of

will reflect

both illegal behavior and legal-but-omitted factors that changed differentially between the two
areas.9

6

For general expositions and references, see Wooldridge (2002), Cameron and Trividi (2005),
or Angrist and Pischke (2009, 2010).
7
The question of how to measure ‘prices’ of healthcare services is discussed below.
8
U.S. Bureau of Labor Statistics (2009),
9
See Rubinfeld (2010: 74-75) and the working paper version of this paper for discussion of
other assumptions required for
to constitute a clean measure of the conspiracy’s effects.
Abadie (2005) discusses this ‘parallel trend’ assumption in DID analysis.
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While DID approaches have been widely used in economic research, 10 their use in analysis for
antitrust cases has been more limited. In healthcare antitrust specifically, DID has been used
mostly in retrospective studies of hospital mergers.11 Vita and Sacher (2001) studied effects of
a merger of two California hospitals on prices for acute inpatient care, using a peer group of
hospitals of similar size in similar metropolitan areas in the state as a control group. Tenn
(2011) examined price effects of a merger between two Oakland/Berkeley-area hospitals,
comparing their prices for acute inpatient care to other Bay area hospitals offering similar
services. Several studies have used DID to examine whether the quality of care tends to
improve after a hospital merger, as parties to mergers often claim. But as the DID approach
clarifies, the question is whether quality improves differentially in merged hospitals, relative to
otherwise similar peers. As discussed in Vogt and Town (2006) and Romano and Balan (2011),
there is little evidence thus far that mergers enable firms to improve their quality in this
relative sense.12
3. The case of Marshfield clinic
Marshfield Clinic is located in Central Wisconsin and is one of the largest private, multi-specialty
group practices in the United States. When the antitrust case against the Clinic began in 1994, it
was staffed by over 400 physicians working both in the Clinic in Marshfield and a network of two
dozen Regional Centers. Physically adjacent to the Clinic was St. Joseph's Hospital, a 524-bed
tertiary-care teaching institution. Most of Marshfield Clinics’ primary physicians and specialists
served on the medical staff at St. Joseph's Hospital. In addition, Marshfield Clinic owned and
operated its own health maintenance organization (HMO), Security Health Plan. Coombs (2005)
provides a detailed discussion of the establishment and growth of Marshfield Clinic and its
affiliated operations.
In 1994, Blue Cross-Blue Shield United of Wisconsin (hereafter ‘Blue Cross’) and its HMO,
Compcare, brought an antitrust suit against Marshfield Clinic and its HMO, alleging that they
were monopolizing the market for physician services, fixing prices, and illegally dividing
markets with their competitors.13 The experts testifying on behalf of Blue Cross analyzed four
product markets and an array of geographic markets associated with Marshfield Clinic and its
10

See Angrist and Pischke (2009, 2010) for general overviews and references. Relevant work
in industrial-organization and antitrust economics includes Borenstein (1990), Hastings
(2004), Simpson and Schmidt (2008), Coleman and Langenfeld (2008), Simpson and Taylor
(2008), Jiménez and Perdiguero (2009), Langenfeld et al. (2010), and Rubinfeld (2012).
11
See the February 2011 special issue of International Journal of the Economics of Business.
12
See also Hammer and Sage (2002: 564), who remark that, “Not all ‘quality’ claims are
equally meritorious. There is a long history in antitrust law of quality claims being used to
rationalize behavior that is patently anticompetitive.”
13
Blue Cross and Blue Shield United of Wisconsin v. Marshfield Clinic, 95-1965 & 95-2140,
883 F. Supp. 1247, 1259 (W.D. Wis. 1995). Formally, this was a Section 2 monopolization
charge combined with a Section 1 price-fixing and division-of-markets charge.
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branch clinics in which market allocation occurred.14 Benchmark competitive prices were
estimated using methods that controlled for the extra services provided to Marshfield patients
and comparisons of prices charged by other large clinics for given physician services.15 The
jury found in favor of the plaintiffs, and Blue Cross was awarded damages of $16 million
(before trebling).16 However, when the case was appealed to the 7th Circuit Court of Appeals in
1995, Chief Judge Richard Posner threw out the damage estimates on several grounds, but
affirmed that Marshfield clinic’s illegal division of markets constituted a basis for Blue Cross to
be compensated for extra payments it may have made, if any, due to the illegal division.17
This led to the remand case in 1997, in which the District Court judge issued a summary
judgment in favor of Marshfield clinic, saying that Blue Cross had failed to establish that it had
suffered any injury as a result of the illegal market allocation. The remand case was in turn
unsuccessfully appealed in 1998.18
The core charges against Marshfield Clinic in the remand phase of the case concerned its
practice of making arrangements with other providers in Central Wisconsin intended to reduce
competition between them. Other providers with which Marshfield and its HMO were found to
have had illegal market-allocation agreements included North Central Health Protection Plan
based in Wausau; Rhinelander Medical Center based in Rhinelander; and the Wausau Medical
Center in Wausau.19 While the agreements varied across providers and spread over space and
time, they included a variety of practices aiming to restrict competition, including agreements
not to open new general practices in each others’ core geographic areas, not to compete
actively for each others’ patients, and not to locate new specialty practices in areas close to
14

The product markets analyzed in the initial case were primary care, pediatric care, specialty
care and HMO services. The courts disagreed that HMO services constituted a separate
market. Haas-Wilson (2003) provides in-depth discussion of antitrust implications of managed
care, including issues that arose in the first Marshfield Clinic case.
15
See McCluer and Starr (2013) for further discussion of the litigation against Marshfield
Clinic. The first phase included allegations that the higher payments for physician services of
Marshfield patients reflected not only prices that were higher than they would have been in
the absence of the Clinic’s illegal behavior, but also higher levels of service provision.
16
However, the trial judge reduced the award to $5.6 million, saying the jury’s award was
"clearly excessive, … contrary to the evidence presented at trial, and based on a figure lacking
adequate foundation" (Shabaz 1995).
17
Posner specifically instructed that damage calculations had to omit any extra patient costs
that Blue Cross may have paid as a result of Marshfield Clinic’s ‘legal’ market power, i.e. its
ability to raise prices because of its dominant position in the main areas it served, as opposed
to increases in prices resulting from illegal market allocation.
18
The original case was Blue Cross Blue Shield vs Marshfield Clinic (883 F. Supp. 1247, 1259
(W.D. Wis. 1995)), its appeal (65 F.3d 1406 (7th Cir. 1995)), the remand case (Blue Cross
Blue Shield vs Marshfield Clinic (980 F. Supp. 1298 (W.D. Wis. 1997))), and its appeal (152 F.
3d 588 (7th Cir. 1998)). A related class action suit was ultimately settled (Rozema, et al v.
Marshfield Clinic, Security Health Plan of Wisconsin, Inc., North Central Health Protection Plan,
and Rhinelander Medical Center, S.C. (977 F. Supp. 1362 (W.D. Wis. 1997)) and cert. denied,
525 U.S. 1071, 119 S.Ct. 804 (1999)).
19
Allegations concerning agreements with Rice Clinic in Portage County were found to be
lacking evidence (Crabb 1997).
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already-established practices of competitors.20 Additionally, Marshfield Clinic and the North
Central Health Protection Plan made “free flow” arrangements whereby HMO patients of one
provider could see the others’ providers without first obtaining a referral, having the effect of
reducing competition for enrollees.21 Blue Cross argued that these market-allocation
agreements reduced competition in the market for physician services in Central Wisconsin,
forcing Blue Cross to pay supra-competitive prices for physician services for its enrollees in
this part of the state.
Thus, the key question for estimating damages was the extent to which payments for
physician services were higher in affected parts of the state compared to what they would
have been in the absence of the anti-competitive agreements. As these agreements pertained
to the full range of medical specialties practiced by physicians, the relevant product market
was taken to be the market for professional services rendered by physicians.22 As the antitrust
charges specifically pertained to excess payments made by Blue Cross on behalf of its
patients, the basis for estimating damages, which also served as the dependent variable in the
regression analysis, was total annual payments per patient made by Blue Cross over the
course of the year.
In the analysis that follows, we use individual health-insurance claims data for Blue Cross/Blue
Shield subscribers, along with a DID approach similar to what was used in the remand case, to
examine whether the market-allocation agreements significantly affected payments for
physician services in the areas in which they were in effect. Whereas the analysis in the case
used county-level averages in the DID regressions, the analysis presented here uses the
individual-level claims data. This enables us to use the rich information on individual patient
characteristics to reduce odds that unobserved individual-level heterogeneities may lead to
bias in estimated effects of anti-competitive arrangements. Nonetheless, the results differ little
qualitatively between the analyses using county-level averages versus individual-level data.23
4. Difference-in-difference specification and data
Identifying the anti-competitive effect via DID requires delineations between treatment vs.
control groups and between before vs. after periods. In terms of the treatment/control
20

In principle, agreements to restrain trade are illegal per se although with some distinction
made between “naked” restraints on trade and agreements that may facilitate productive
activity (see Crabb 1997). In the remand phase of the Marshfield field, it had already been
ruled that the agreements in question were illegal, with the focus instead on the extent to
which Blue Cross experienced damages resulting from them.
21
See Crabb (1997) for details of the facts of the case and Coombs (2005) for extended
discussion.
22
Specifically, professional services of doctors of medicine and osteopathy in sole practices or
single- or multispecialty group practices.
23
See the working paper version of this paper for analysis using county-level averages.
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delineation, following the terms of the remand order, the analysis identified an eight-county
area surrounding Marshfield Clinic as the areas where the illegal market-allocation agreements
took place.24 While it would be expected that the agreements increased prices within this area,
there was no expectation that they increased prices systematically or uniformly throughout the
area; here the allegation is not that the agreements enabled Marshfield Clinic and other
parties to monopolize the market for physician services is the area, but rather that Marshfield
Clinic in particular was able to charge higher prices for services of its physicians due to these
arrangements.
Thus, the primary ‘treatment’ group in the DID analysis consists of patients of Marshfield Clinic
residing in the AOI, as the primary interest is in quantifying the extra amount that Blue Cross
paid for their care. In principle, a ‘Marshfield Clinic patient’ could be defined as a patient who
received any care from the Clinic during the year, or attention could be confined to patients for
whom at least some minimum percentage of their payments for physician services in a given
year went to Marshfield Clinic. In fact, within the AOI, most patients who received some care
from the Clinic tended to use it for most of their care; for example, among patients living in
the AOI who received any care from Marshfield Clinic, the average share of their payments
going to the Clinic was 80.2%. Nonetheless, to ensure that our analysis is robust to alternative
definitions, we define Marshfield Clinic patients variously as patients who received over 50%,
75% or 90% of the value of payments for their care from Marshfield Clinic providers.
In selecting the control group for the ‘but for’ analysis, three possible alternatives could be
considered. The first is other ‘non-Marshfield’ patients residing within the AOI, whose shared
geographical location with the ‘treatment’ group might seem to make them a good candidate
for the control group. However, this group cannot serve as the control group because they
have also been subject to the ‘treatment’: that is, because some patients in this group
obtained services from the providers with which Marshfield Clinic had its market-allocation
agreements, their payments for physician services would also be expected to exceed levels
that would have been observed without the anticompetitive behavior. The second possibility is
to use all patients residing in the rest of the state of Wisconsin outside of the AOI, as this
group will be subject to the same state-wide shifts in economic conditions and state-level
economic policies as residents of the AOI, but healthcare providers outside the AOI were not
party to the market-allocation agreements with Marshfield Clinic. A potential problem here is
that, especially with Marshfield Clinic having a reputation as a high-quality provider, some
patients living outside the AOI travel to Marshfield facilities within the AOI for their care, so
that their payments for healthcare services also would have been increased by the
anticompetitive agreements. In practice, this may not pose a substantial problem for the use
24

The eight counties in the AOI were: Clark, Lincoln, Marathon, Oneida, Portage, Price, Taylor,
and Wood.
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of all residents of Wisconsin outside the AOI as the control group, because the share of this
group acquiring services from Marshfield Clinic is very small (see below). Still, because nonAOI residents who travel to Marshfield facilities may have unusually high annual healthcare
spending, it may be preferable to exclude such people from the control group. Thus, a third -and in our view preferred – possible control group is Wisconsin residents living outside the AOI
who were not patients of Marshfield Clinic in the year in question. It is important to note that
the choice of control group only affects which group is treated as the omitted group in the
regression analysis; the regression specification incorporates terms intended to capture
differences in price levels and price growth across these four groups (i.e. patients inside and
outside the AOI, considered to be Marshfield patients or not), so as to correctly isolate the
effect of the ‘treatment’.
Table 1 presents information on the distribution of patients across these categories for the
period covered by the data (1988-95), along with their average annual payments on physician
services. Here and throughout the paper, all dollar values are converted to constant 1995
terms using the consumer price index. During this time, patients living in the AOI represented
less than 5% of the state population, with 22.9% of patients within the AOI receiving 50% or
more of the value of their care from Marshfield Clinic; outside of the AOI, only 0.6% of
patients received this amount of care from Marshfield. Shifting the threshold for defining a
Marshfield patient to 75% or 90% changes in this picture very little: at the 90% threshold,
Marshfield’s share of patients within the AOI slips to 18.8% while that outside inches down to
0.4%.
Both inside and outside the AOI, the annual payments of Marshfield patients were considerably
higher than those of other patients. Again using the 50% threshold for defining Marshfield
patients, average payments were $1,112 for Marshfield patients inside the AOI compared to
$577 for other patients in the area; in the rest of the state, average payments were $1,187
for Marshfield patients versus $648 for others. These differences across patient types are not
substantially different if the alternative thresholds for defining Marshfield patients are used.
Given the expectation that patients living outside the AOI might have unusually high spending
on physician services, it may be surprising to see a relatively small difference in annual
payments for Marshfield patients inside and outside the AOI. The explanation may be that
95% of patients from outside the AOI who get at least 50% of their care from Marshfield Clinic
reside in counties contiguous to the AOI, so conceivably the mix of conditions for which they
seek treatment at Marshfield may not differ substantially from that of Marshfield patients
within the AOI.
In terms of defining the ‘before’ and ‘after’ periods of the DID analysis, the standard DID
approach assumes a clear-cut divide between the period before anticompetitive behavior
started and the period after. But as is not uncommon in antitrust applications, the delineation
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in the Marshfield Clinic case between a period when prices were uninfluenced by
anticompetitive behavior and one in which they were is not so straightforward.25 From the
evidence presented in the first phase of the Marshfield litigation, the market-allocation
agreements amounted to a series of bilateral meetings and agreements starting as early as
1978 and intensifying in the second half of the 1980s, as the spread of preferred-provider
arrangements and managed care prompted healthcare providers to explore ways of reinforcing
their competitive positions (Coombs 2005, Greenberg 1998). However, even if data on prices
of physician services from the mid-1970s were available, the amount of structural change in
the health-care industry between then and the time of concern in the litigation case suggests
that prices from the mid-1970s would not provide a compelling basis for deriving the ‘but for’
prices in the period of interest. At the same time, given the staggered way in which the
agreements were negotiated and implemented, it is not necessarily clear a priori when one
should expect them to have been having their full effects on prices. Valuable here is the date
used to define the class period in subsequent class-action legislation related to the Marshfield
case, which took July 1992 as the beginning of the class period; this suggests that the higher
prices being paid for Marshfield Clinic patients should be expected to have been materially
important by this time.
In the absence of one before-and-after break in the data, but knowing that the materiallyimportant agreements phased in between the late 1980s and 1992, we specify the DID
regression in two different ways. The first in effect uses 1988 -- the first year for which
electronic files of Blue Cross claims data were available – as the ‘before’ year, with year
dummies used to capture broad-based growth in healthcare spending over the period.26 More
precisely, this approach entails estimating the following regression:

(2)
where

is real average payments for physician services for patient i in year t.

variable equal to 1 if the year of the observation is after 1988.
to 1 for Marshfield patients in the AOI;

25

is a dummy

is a dummy variable equal

is a dummy variable equal to one for non-

Tenn (2011) discusses this issue in the case of staggered expirations of contracts with
insurance companies in the analysis of hospital mergers.
26
This parallels the specification used in the analysis in the case.
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Marshfield patients in the AOI; and

is a dummy variable for Marshfield patients in the rest

of the state. In effect, the omitted (control) group is non-Marshfield patients in the rest of the
state. Xit is a vector of characteristics of the individual patient and the county in which he/she
lives that could contribute to lawful sources of variation in payments, and

is a vector of

year dummies.
Here the terms

,

and

capture sources of persistent unobserved heterogeneities in

payments for physician services between Marshfield patients in the AOI, non-Marshfield
patients in the AOI, and Marshfield patients outside the AOI respectively, relative to nonMarshfield patients outside the AOI. The parameter of primary interest is

which captures the

extra increase in average costs for Marshfield Clinic patients in the AOI between 1988 and
1989-95, above and beyond the increase experienced by the control group, where changes in
observed explanatory variables in Xit aim to control for factors besides the illegal market
agreements that could account for differential changes in prices.

and

are the analogous

terms that quantify any differential change for non-Marshfield patients in the AOI and
Marshfield patients outside of the AOI respectively.
Importantly from the point of view of estimating damages, it is straightforward to show that
having a ‘before’ period in which illegal competitive behavior had already started taking shape
will tend to result in underestimation of damages due to that behavior; this is because
damages are rooted in estimated excess price growth, yet price growth will tend to be
understated if measured from a point when price levels have already increased above a
competitive benchmark.27 Thus, while it is not ideal to take 1988 as the ‘before’ period, this
approach is nonetheless valuable for gauging whether prices rose differentially for Marshfield
Clinic in the AOI relative to a period when the agreements were more partial and limited in
scope.
Alternatively, the DID can also be specified more flexibly, to provide a way of characterizing
how differential prices faced by Marshfield Clinic patients in the AOI may have phased in over
the 1988-95 period.28 Here we re-estimate the regressions using a full set of interactions
between years and patient types as follows:

27
28

See the working paper version of this paper for full exposition.
See also Laporte and Windmeijer (2005).
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(3)

where

is a dummy variable equal to one in year t. Here

is a set of dummy variables

indicating the patient t, where j=1 is patients of Marshfield Clinic in the AOI, j=2 is nonMarshfield patients in the AOI, j=3 is Marshfield patients in the ROS, and j=4 is non-Marshfield
patients in the ROS. The omitted category is non-Marshfield patients outside of the AOI in
1988. The

terms and the vector

estimated coefficients

e

are parameters to be estimated. Then using the

we can compute how the differential costs of Marshfield patients in

the AOI changed relative to those of non-Marshfield patients elsewhere in the state between
1988 and year t:

=[

where

-

-

]

(4)

= 0 by assumption. The advantage of this approach over (2) is that it is agnostic

as to when precisely during the 1988-1995 period we should think of the illegal agreements as
having been fully phased in: the damage estimate implied by (4) expects the effect to be
small in 1988 and to have reached full proportion by 1995, but no assumption is made about
the timing pattern whereby the effect materialized.
Table 2 provides details on the data used in the regression analysis. The claims data include
40 million professional-services claims filed by all Blue Cross/Blue Shield subscribers in the
state of Wisconsin in the period from 1988 to 1995. Aggregating annual payments for
individual patients yields 2.26 million individual-year observations for individuals under age
65. In this period, Blue Cross’s fee-for-service plan comprised approximately 10-13% of the
statewide market for health insurance.29 As mentioned, the dependent variable of the
regression is total real payments for physician services in the given year; while the claims
data contain both provider charges and payments made by Blue Cross, the latter are of
interest for estimating damages experienced by Blue Cross by virtue of overpaying for
physician services in the AOI. In addition to the DID terms, the explanatory variables in the
regressions also include: key socio-demographic characteristics of individual patients (gender,
age, marital status, relationship to the subscriber), the specific type of insurance plan in which
29

Office of the Commissioner of Insurance, State of Wisconsin, 1996.
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the patient was enrolled, and a number characteristics of the county in which the patient lived
that could correlate with patterns of utilization of physician services and changes therein over
time (real per capita income, the unemployment rate, the share of the population with a high
school education or more, population density, birth and death rates, and the share of the
population receiving medical assistance). Note that the county-level variables are time-varying
and so can help explain variations in payments for physician services both cross-sectionally
and over time. Standard errors are estimated using the Huber-White method and are
heteroskedasticity-robust.

5. Results
Results from the basic specification of the DID regression in (2) are shown in Table 3. The
specification in the left-hand panel uses the definition of Marshfield Clinic patients as those
having 50% or more of their annual payments for physician services going to Marshfield Clinic
patients, while the specification in the right-hand panel uses the analogous 75% threshold.30
Before examining the coefficients on the DID in terms, it is worth noting that many of the
estimated coefficients on the included explanatory variables have signs consistent with
expectations and are statistically significant (where the latter is not surprising given the large
sample size). For example, ceteris paribus, annual payments for physician services tend to rise
with the patient’s age and are considerably higher for patients in high-risk plans; they also
tend to be higher in counties with relatively high income per capita and relatively high
population density, but relatively low in counties where the share of the population with a
high-school education or more is relatively high. However, the r-squareds of the regressions
are quite small, consistent with the low explanatory power generally found in analyses of
annual healthcare spending or utilization using individual data.
Turning to the estimated coefficients on the DID terms, the estimates of the level differences
across patients of different types in 1988 are consistent with findings from the descriptive
statistics shown in Table 1: Using the 50% threshold for defining a Marshfield Clinic patient,
spending by such a patient who resided in the AOI was $299 higher than that for a nonMarshfield patient in the rest of the state (ROS) in 1988, ceteris paribus, while spending levels
for non-Marshfield patients in the AOI and Marshfield patients in the ROS were $75 below and
$395 above respectively. While the coefficient for Marshfield patients in the rest of the state
exceeds that for Marshfield patients in the AOI (consistent with the idea of patients with more
complex conditions or more serious illnesses traveling to the Clinic from greater distances),
the difference between the two coefficients is not statistically significant. Estimates using the
75% threshold slightly enlarge the differences between the two groups of Marshfield patients
relative to non-Marshfield patients outside of the AOI, while narrowing the difference from
30

Results using the 90% threshold are available upon request.
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non-Marshfield patients in the AOI; however, the magnitudes of the differences from the
specification using the 50% threshold are not large.
In terms of how the increases in payments between 1988 and 1989-95 differed across groups,
using the 50% threshold definition, this increase was $158 greater for Marshfield patients in
the AOI than it was for non-Marshfield patients elsewhere in the state, ceteris paribus, where
the coefficient is statistically significant. For Marshfield patients elsewhere in the state,
payments rose by an extra $55, but the coefficient is not statistically significant. Putting the
key number for Marshfield Clinic patients in the AOI in perspective, average spending for such
patients rose between 1988 and 1989-95 by $309 more than it did for non-Marshfield patients
elsewhere in the state; the regression result suggests that 51.1% ($158/$309) of this
increase could be traced to the illegal market-allocation.
In contrast, average payments for non-Marshfield patients in the AOI rose by $36 more than
they did for patients outside of the AOI; this is consistent with the likelihood that the higher
prices charged by Marshfield Clinic enabled other providers in the AOI to boost their prices as
well, albeit to a much smaller degree. Analogous estimates using the 75% threshold for
defining Marshfield Clinic patients differ very little from those using the 50% threshold. They
too suggest that the illegal market allocation agreements represented about one-half of the
extra increase in prices experienced by Marshfield Clinic patients in the AOI relative to patients
elsewhere in the state.31 Broadly these findings strongly support the claim that payments for
physician services rose more for Marshfield Clinic patients than they did for patients who
received services from other providers between 1988 and the 1989-95 period.
Figure 1 shows the key results from the alternative specification in which the four different
patient categories are interacted with a full set of year dummies, focusing on the comparison
between Marshfield patients in the AOI and non-Marshfield patients in the rest of the state.
The solid line shows the estimated differential increases in payments given by (4), and the
dotted lines show 95-percent confidence intervals. Results suggest that, while the difference in
average annual healthcare costs between Marshfield patients in the AOI and patients in the
rest of the state did not change significantly from 1988 to 1991, it widened significantly to
$198 in 1992 and rose further to $421 in 1995. Averaging across years, the extra increase in
average costs for Marshfield clinic patients in the AOI again amounts to $158, which is again
statistically significant. This time profile is consistent with story in which it took time for illegal
market-allocation agreements to have broad effects on prices; it is also consistent with the
class period of the class-action lawsuit, which computed damages from mid-1992. Broadly
these results square well with the simpler specifications that use 1988 as a benchmark. Taken
31

Here the average extra increase for Marshfield Clinic patients in the AOI was $326 between
1988 and 1989-95, while the regression results suggest that $172 of the increase is
attributable to the illegal market-allocation agreements.
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together, they show Blue Cross to have paid an extra $158-172 per Marshfield Clinic patient in
the AOI in the 1989-95 period, relative to a benchmark that takes into consideration the other
lawful reasons for its higher prices and broad-based increases in spending on physician
services in the state during that time.
Conceivably, the extra increases in payments for physician services for Marshfield Clinic
patients in the AOI may reflect other types of differential changes in competitive conditions
between the AOI and the rest of the state over the period that would enable the Clinic to
increase prices at higher rates than providers elsewhere. For example, growth of managed
care may have been slower in the AOI than it was elsewhere, so that providers there faced
less pressure to moderate growth in prices than providers elsewhere. Alternatively, if
Marshfield Clinic’s general expansion had tended to increase concentration among healthcare
providers in the area, it may have been able to increase its prices more rapidly than providers
elsewhere in the state, but by virtue of lawful growth in its market share rather than illegal
agreements.
To investigate these possibilities, we extend the basic analysis by including two additional
measures of competitive conditions: the Herfindahl index (the sum of squared market shares
of firms in a given market) and the HM0 enrollment rate, where both are measured at the
county level.32 In addition, because it is often mentioned that Marshfield Clinic ‘naturally’ has
relatively high market shares in its core areas because low population density would make it
inefficient to have multiple practices in given towns, we re-run the regressions using only
observations from those countries having population densities of 200 or less.
Results are shown in Table 4. Adding the Herfindahl index to the regression slightly reduces
the estimates of the differential changes in payments for Marshfield Clinic payments in the
AOI, while also showing payments per patient to rise as the Herfindahl increases. Including
the HMO enrollment rate shifts the DID terms back up while also unexpectedly showing
payments for physician services to be higher in counties with relatively high HMO enrollment
rates; conceivably, this may reflect a “selection effect” whereby healthy low-cost patients shift
into HMOs while less-healthy, higher-cost patients remain in standard insurance plans. Finally,
confining the analysis to counties with relatively low population densities causes the
magnitudes of the DID term to shift down from around $155-160 to $130 in the model with
the 50% threshold, and from around $170 to $145 in the 75% threshold model; estimated
effects remain appreciable and statistically significant. Altogether, then, these modifications
leave unchanged the basic finding that payments for physician services rose by significantly
more for Marshfield Clinic patients in the AOI compared to non-Marshfield patients elsewhere
in the state.

32

See Table 2 for specifics of variable definitions.
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6. Discussion: DID in court
A clear problem in using difference-in-difference analyses in antitrust cases is the extent to
which judges and juries find it compelling. A recent article asked the question, “Is Antitrust
Too Complicated for Generalist Judges?” (Baye and Wright 2011), highlighting possibilities that
arguments based on the sorts of relatively complex econometric methodologies used by
economists may have trouble withstanding scrutiny of opposing experts, and/or may not be
simple and clear enough to be understood and properly interpreted by the court.33
The use of the DID approach in the Marshfield clinic remand case confronted this issue, with
three main problems of interpretation becoming subject to debate. First, it was not clear to the
judges who ruled on the case how the DID method controlled for lawful reasons for Marshfield
Clinic’s relatively high patient costs. For example, in acting as appeals court judge in the
remand case, Judge Posner rendered the opinion that the damage analysis of the Blue Cross
expert did not “separate the price effects of collusion from the price effects of the defendants'
lawful market power ….”34 Posner also upheld the view of the judge in the remand case that
Blue Cross had not established that it had been damaged by the Clinic’s unlawful behavior,
holding that, “Any non-conspiratorial factors likely to have made the prices charged by the
Marshfield Clinic higher than the prices charged by other health-care providers had to be taken
into account in order to make a responsible estimate of the prices that Blue Cross would have
paid had it not been for the conspiracy.”
Of course, the DID specification does aim to capture persistent, unobserved factors causing
payments for physicians services to differ between Marshfield and non-Marshfield patients
inside and outside the AOI, for example via the parameters { ,

} in (2). As these

parameters are estimated from price differentials before the illegal behavior began, their
causes are by definition assumed to be lawful in nature. With Marshfield thought to be a
relatively high-quality provider with a service-intensive treatment style, including these terms
is clearly essential for not mis-attributing to illegal behavior that part of the price differential
between Marshfield Clinic and other providers that only reflects lawful differences in practice
style, quality of care, availability of advanced equipment and facilities, etc. However, the court
33

As Posner (1999: 96) himself has written, “…econometrics is such a difficult subject that it is
unrealistic to expect the average judge or juror to be able to understand all the criticisms of
an econometric study, no matter how skillful the econometrician is in explaining the study to a
lay audience.” See Sage (1997) on the subject of quantitative analysis in antitrust cases
related to managed care.
34
Blue Cross & Blue Shield v. Marshfield Clinic, 152 F.3d 588, 593-94 (7th Cir.1998)). Posner
also cites himself as precedent in In RE: Brand Name Prescription Drugs Antitrust Litigation,
186 F.3d 781 (1999) United States Court of Appeals (7th Cir. 1999).
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expected to see specific quantitative measures of such factors on the right-hand side of the
regression, and in their absence inferred that account was not being taken of them.
The second problem that arose in the interpretation of the DID results concerned assumptions
implied by the approach about changes in intensity or quality of care. Marshfield Clinic argued
that the DID methodology improperly assumed that Marshfield Clinic’s quality remained
constant at its 1988 level over the 1989-95 period. Rather Marshfield Clinic argued that its
quality continued to improve over time relative to its 1988 levels, so that some part of the
increased costs for Marshfield Clinic patients in the AOI after 1988 reflected continued
improvements in its quality of care rather than illegal exercise of market power. But again, the
DID approach does not assume that Marshfield’s service intensity and quality of care held
constant over time. Rather, it assumes that lawful factors that might be raising Marshfield
Clinic’s prices were occurring at the same rate as they were elsewhere in the state, as
reflected in the term

in the DID regression. In other words, the ‘parallel trend’ assumption

assumes that the wedge between Marshfield and other healthcare providers due to differences
in quality was neither narrowing nor widening over time.35
While this is a maintained hypothesis of the regression specification, one of the experts for
Blue Cross presented complementary evidence in support of this assumption. For example, he
showed that the share of procedures performed by specialists (as opposed to primary-care
physicians) did not increase faster at Marshfield Clinic than elsewhere in the state, as might be
expected if the quality of care at Marshfield Clinic was rising more rapidly than it was
elsewhere in the state.36 In fact it would have been surprising had Marshfield Clinic’s quality
increased more rapidly than that of providers around the state after 1988. By then it had
clearly established itself as one of the premier tertiary centers in Wisconsin and had an
absolute quality advantage over most other healthcare providers in the state; thus, while it is
plausible that the Clinic would have continued to invest in improving quality to maintain its
premier position, it is difficult to see why it would have invested heavily to further and
appreciably enlarge its quality advantages over other providers in the state.37 In any case, this
is not what troubled the courts, which took the DID analysis to ignore the possibility that
increased payments for Marshfield patients could reflect improvements in the quality of care.

35

Abadie (2005) discusses this parallel trend assumption.
For example, a higher share of procedures performed by specialists may correlate with
better outcomes because practitioners who perform relatively high volumes of procedures tend
to have higher success rates. It may also reflect better local availability of well-credentialed
and highly-trained staff.
37
In this sense, to the degree that Marshfield Clinic’s level of quality was initially higher than
that of other providers, but may grown somewhat more slowly over the subsequent period,
the DID damage estimates were conservative.
36
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The third problem concerned the definition of the ‘before’ period. The appeals court judge for
the remand case (again Judge Posner) attempted to summarize the methodologies used by
Blue Cross as follows:
The usual way to measure damages in [a market division] case would be to
compare the prices that the Marshfield Clinic charged Blue Cross before and
during the conspiracy, or inside and outside the region covered by the
conspiracy, or during the conspiracy and after it ended … correcting by various
statistical techniques for any non-conspiratorial factors that might have caused
the prices that are being compared to be different from each other. … This
method or congeries of methods was unavailable to Blue Cross, however,
because the division of markets embraced the entire period and region in
which the necessary data are obtainable; at least Blue Cross made no effort to
show otherwise. Instead it compared the Marshfield Clinic's prices for medical
services between 1988 and 1995 with the prices charged by other providers of
medical care for the same services during the same period elsewhere in
Wisconsin, on the theory that those other prices, properly adjusted, are what
Blue Cross would have had to pay the Clinic and the Clinic's competitors had it
not been for the conspiracy [references excluded, emphasis added]. 38

While it is true that market allocation agreements were in effect in some places within the AOI
during the entire period for which there was data, it simply not correct to say that, because
some illegal market allocation agreements were already in effect in 1988, the DID analysis
boiled down to a ‘yardstick’ analysis that had no basis for distinguishing between lawful and
unlawful causes of the higher payments for physician services made by patients of the
Marshfield Clinic in the AOI. On the contrary, it was to solve the problem of bias in the
yardstick effect that the DID approach was used. In effect, Posner was disinclined to put any
weight on results that could not starkly distinguish between the time and space in which illegal
behaviors were held to have taken place, and other times and spaces where they did not.
Posner’s negative evaluations have colored opinions and assessments of every salient issue
considered in this case. In the end, Blue Cross’s application for an appeal to the Supreme
Court was denied, which effectively brought the essential elements of this case to an end.
7.

Conclusions and implications for the use of DID in antitrust

More than 15 years after the Marshfield Clinic cases concluded, the healthcare spending and
practice patterns that were questioned in the cases remain visible in the data. As of 2006, the
Marshfield, Wisconsin, area ranked as the highest-spending commercial healthcare hospitalreferral region in the United States (Chernew et al. 2010). As long as healthcare spending
continues to receive antitrust attention, it will remain important to devise methods and
approaches that properly control for issues of case mix and quality, while also being both

38

Blue Cross Blue Shield vs Marshfield Clinic (152 F.3d 588 (1998)).

20

robust enough to withstand scrutiny by opposing experts and simple and clear enough to be
understood and properly interpreted by the courts.
As the difference-in-difference approach has become more widely used, some of the
misunderstandings of it that came up in the Marshfield case might not come up today. As
discussed in Coleman and Langenfeld (2008), the concept of ‘natural experiments’ has been
increasingly accepted in antitrust analysis. The DID method has been added into the Federal
Judicial Training Center curriculum and reference documents. Criteria for the sufficiency of
data and facts under Daubert requirements have been spelled out (Coleman and Langenfeld
2008). A variety of important papers have explored various issues that arise in implementing
DID approaches in antitrust contexts and interpreting their results (e.g. Rubinfeld 2010: 7175, 2012; Langenfeld et al. 2010).
At the same time, the Marshfield Clinic case points to some important potential pitfalls of
relying on the DID method which remain a problem for its successful use as a basis for
estimating damages. First is the issue of implicit versus explicit controls for hard-to-measure
but lawful factors that contribute to persistent differences in patient costs between the
‘treatment’ and ‘control’ groups. As mentioned, the DID method’s tactic of controlling implicitly
for lawful factors contributing to persistent differences (e.g. via the parameter

in (2)) can

seem out of line with standards of good-quality regression analysis, which in general holds
that no important explanatory variable should be omitted from the regression.39 Thus, unlike
the relatively parsimonious DID specification used in the Marshfield Clinic case, recent uses of
DID in healthcare analyses have tended to include more extensive controls for lawful causes of
variations in prices.40 Of course, ability to find compelling explicit measures of factors like
‘quality’ varies across fields of healthcare, for example, tending to be more readily available
for hospitals than for physicians.41 To the extent that inability to control explicitly for quality
represents a handicap in estimating damages, it works against plaintiffs and in favor of the
defense.
The second potential pitfall concerns the use of changes in payments for physician services in
the control group to approximate what would have happened in the treatment group in the
39

Coleman and Langenfeld’s (2008: 753-4) discussion of criteria that analyses based on
natural experiments must satisfy to be considered valid evidence under Daubert standards
includes the question of whether the analysis controls for other significant factors.
40
For example, Haas-Wilson and Garmon’s (2011) retrospective analysis of two hospital
mergers in the Chicago area uses individual-level claims data and alternative controls for the
resource-intensity of the patient’s condition and the severity of his/her case, along with a
vector of hospital characteristics and dummy variables indicating the patient’s health plan.
41
See Gaynor and Town (2011: 568-596) for an overview of the literature on ‘quality’ and
hospital competition, where the measure of quality is often mortality or readmission following
treatment for a heart attack or other serious condition.
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absence of illegal behavior. The ‘parallel trend’ assumption is anyway one of the more
contested aspects of DID analysis (Abadie 2005), and all the more so in antitrust applications
where it constitutes the basis of the ‘but for’ change in prices. In general, to establish the
validity of using price changes in the control group to indicate how prices would have changed
in the treatment group, one needs to select the control group so as to maximize the odds that
supply and/or demand shocks would be similar between the two groups, with effects of given
shocks on prices also expected to be similar across the groups (Simpson and Schmidt 2008).
As there is no compelling way to test whether a given control group decisively meets these
criteria, there can be substantial debate about whether the control group has been correctly
chosen.42 A potentially valuable strategy here is to run the analysis using alternative
definitions of the control groups. For example, Haas-Wilson and Garmon (2011) use four
different categories of Chicago-area hospitals as control groups, with and without patients not
covered by private health insurance; estimated cost increases varied somewhat according to
the control group, but they all fell within an 11-17 percent range and were uniformly
statistically significant.43
The final issue to mention concerns the role of changes in quality, case-mix or service
intensity in contributing to unusual increases in spending on healthcare services. As discussed
by Hammer and Sage (2002: 564), defendants in healthcare-antitrust cases commonly invoke
claims about rising quality to explain why their patient costs rose unusually after a merger or
during a period when they were engaged in unlawful behavior. Such claims can be difficult to
support or refute, both because it is difficult to define and measure ‘quality’ and because
different dimensions of quality may change in complex ways in periods when providers are reorganizing their services.44 Nonetheless, given the predictability with which this issue is
offered as an objection to DID estimates of the ‘but for’ price change, compelling estimates of
damages from illegal behavior have to address the possible role of quality in accounting for
differential changes in costs between the treatment and control groups. Moreover, as the
Marshfield Clinic case illustrates, it is just as important to ensure that findings with respect to
quality of care and related lawful factors are explained clearly and intuitively, so that their
implications for estimated damages are clear to the courts.
42

See, for example, Adams and Noether’s (2011) comment on Haas-Wilson and Garmon’s
(2011) analysis, as well as Garmon and Haas-Wilson’s (2011) reply.
43
As they write, “If the empirical results are robust across control groups, then it is less likely
the estimated treatment effect is driven by unobserved characteristics in the control group”
(Garmon and Haas-Wilson 2011: 43). This approach is consistent with Coleman and
Langenfeld’s (2008: 759-772) elaboration of characteristics that analyses based on natural
experiments need to have to meet Daubert criteria.
44
Mutter, Romano and Wong’s (2011) careful analysis of changes in various dimensions of
quality following hospital mergers finds very little in the way of systematic patterns, leading
them to conclude that antitrust authorities need to evaluate implications of hospital mergers
for quality of care on a case-by-case basis.
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Figure 1. Current year’s difference between average annual costs of Marshfield clinic
patients in the AOI vs. non-Marshfield patients in the rest of the state, minus the difference
in 1988 (in constant 1995 dollars)

1989-95 average = $158.5 (43.3 s.e.)

Note: Dotted lines represent 95% confidence intervals. Standard errors are computed
robustly.
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Table 1. Average annual payments for physician services, 1988-95, constant 1995 dollars;
50%, 75% and 90% thresholds used to define Marshfield patients
% of total patient-year
records

Average annual payments
(’95 $)

Threshold share:

Threshold share

50%

75%

90%

50%

75%

90%

Patients residing in:
Area of influence
Marshfield patients
Other patients

4.8
1.1
3.7

4.8
1.0
3.8

4.8
0.9
3.9

705
1,112
577

705
1,106
596

705
1,080
616

Rest of state
95.2
95.2
95.2
651
651
651
Marshfield patients
0.6
0.5
0.4
1,187
1,158
1,067
Other patients
94.6
94.7
94.8
648
649
650
Threshold share refers to the share of total annual payments for physician services that went
to Marshfield clinic providers that was used to define Marshfield patients.
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Table 2. Variable definitions
Variable
Average payments per patient

Definition
Average annual payments for physician services, constant 1995
dollars

DID terms
D1989-95
Marshfield in AOI
Non-Marshfield in AOI

=1 if year is 1989-95; 0 otherwise
=1 for Marshfield patients in the AOI; 0 otherwise
=1 for Non-Marshfield patients in the AOI; 0 otherwise

Marshfield in ROS

=1 Marshfield patients in the ROS; 0 otherwise

Non-Marshfield in ROS

=1 Non-Marshfield patients in the ROS; 0 otherwise (omitted)

Individual characteristics
Female
Age
Married
Spouse
Dependent
Plan types:
FFS/PPO
Administrative services only
Cost-Plus Contracts
Federal Employee Program
National Programs
High Insurance Risk Sharing
Other BCBS plans

=1 if individual is female; 0 otherwise
Age of individual
=1 if individual is married & over 18; 0 otherwise
=1 if individual is spouse of subscriber; 0 otherwise
=1 if individual is other dependent of subscriber; 0 otherwise
Dummy variables equal to 1 if plan is of the relevant type
Standard fee-for-service/PPO insurance plan (omitted)
BCBS receives fixed rate to administer claims for another insurer
Plans administered by BCBS that reimburse providers for costs
plus a specified margin
BCBS plan offered to Federal Employees
Other traditional BCBS insurance plans based elsewhere
State-organized plan offering insurance to people unable to obtain
coverage due to preexisting conditions
BCBS plans other than those listed above

County characteristics*
Per capita income

Per capita personal money income (‘000 of constant 1995 $)

Unemployment rate
% of pop. w/HS education or
more

Unemployment rate (%)
% of county population with high school education or more

Log of population density

Log of population per square mile (in ’00)

Birth rate

Births per 1,000 population

Death rate

Deaths per 1,000 population
Per capita medical-assistance payments (‘000 of constant 1995
dollars)
Log of the sum of squared market shares of all providers used by
county residents, measured in terms of billing events
Share of county’s population enrolled in an HMO

Medical assistance per capita
Log Herfindahl
HMO enrollment
Time dummies

=1 for given year; zero otherwise

*Data from U.S. Bureau of Economic Analysis (per capita income); U.S. Department of Health and
Human Services’ Area Resource File (unemployment, education), Wisconsin Interactive Health
Statistics (population density, birth and death rates), the State of Wisconsin’s Blue Book (medical
assistance per capita), and the BCBS claims data base (Herfindahl)
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Table 3. Determinants of annual payments for physician services in real 1995 dollars: 50% and
75% thresholds for identifying Marshfield patients

50% threshold
Coeff.
s.e.
542.3*
(52.1)

75% threshold
Coeff.
s.e.
522.1*
(52.0)

Constant
Geography, patient type, & period :
D1989-95
25.2*
(3.8)
25.4*
(3.8)
Marshfield patients in AOI
299.1*
(39.3)
280.4*
(42.3)
Marshfield patients in AOI x D1989-95
158.1*
(43.3)
171.9*
(46.5)
Non-Marshfield patients in AOI
-75.5*
(10.0)
-63.8*
(10.1)
Non-Marshfield patients in AOI x D1989-95
35.6*
(11.4)
38.7*
(11.6)
Marshfield patients in ROS
394.8*
(58.6)
398.6*
(66.4)
Marshfield patients in ROS x D1989-95
54.7
(63.7)
26.0
(72.2)
Controls for individual characteristics:
Male 5-17
-131.5*
(4.4)
-131.4*
(4.4)
Male 18-24
-37.0*
(6.2)
-37.1*
(6.2)
Male 25-34
9.5
(7.1)
9.3
(7.1)
Male 35-44
129.3*
(7.2)
129.1*
(7.2)
Male 44-54
428.1*
(8.7)
428.4*
(8.7)
Male 55+
939.3*
(11.1)
940.0*
(11.1)
Female <5
-76.2*
(5.5)
-76.3*
(5.5)
Female 5-17
-138.3*
(4.4)
-138.4*
(4.4)
Female 18-24
65.7*
(5.3)
65.7*
(5.3)
Female 25-34
290.2*
(6.8)
290.2*
(6.8)
Female 35-44
280.1*
(7.0)
280.1*
(7.0)
Female 45-54
416.6*
(7.7)
417.0*
(7.7)
Female 55+
636.6*
(8.8)
637.3*
(8.8)
Married
44.4*
(8.8)
44.4*
(8.8)
Spouse
-12.5*
(9.0)
-12.5
(9.0)
Dependent
25.8*
(7.2)
25.6*
(7.2)
Insurance plan type:
Administrative Services Only
-1.8
(3.5)
-1.5
(3.5)
Cost-Plus Contracts
8.7*
(4.7)
9.0*
(4.7)
Federal Employee Program
299.2*
(14.6)
299.7*
(14.6)
National Programs
-87.2*
(5.7)
-87.8*
(5.7)
High Insurance Risk Sharing
1,057.9*
(34.9)
1,060.9*
(34.9)
Other BCBS plans
-27.4*
(3.0)
-27.2*
(3.0)
Controls for county characteristics:
Per capita income
1.9*
(0.9)
1.9*
(0.9)
Unemployment rate
3.8*
(1.8)
4.1*
(1.8)
% of pop. w/HS education or more
-3.0*
(0.8)
-2.8*
(0.8)
Log of population density
20.6*
(2.1)
19.7*
(2.1)
Birth rate
-7.2*
(1.6)
-6.9*
(1.6)
Death rate
-5.1*
(1.2)
-4.5*
(1.2)
Medical assistance per capita
2.5
(6.0)
3.8
(6.0)
Year dummies
Yes
Yes
R-squared
0.0401
0.0401
* = statistically significant at 5% level. += statistically significant at 10% level. Robust standard
errors in parentheses. N=2,264,308
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Table 4. Estimated effects of competition-related variables: Alternative specifications using 50% and
75% thresholds
Counties
with
Whole state
population
density
<200/sq mi.
(a)
(b)
(c)
(d)
50% threshold
Differential increase for Marshfield patients in the
AOI

158.1*
(43.3)

156.0*
(43.3)
4.2+
(2.3)

159.3*
(43.3)
4.9*
(2.3)
51.1*
(13.0)

171.9*
(46.5)

169.3*
(46.5)
5.2*
(2.3)

172.9*
(46.5)
6.0*
(2.3)
56.0*
(13.0)

Log Herfindahl
HMO enrollment

131.7*
(43.6)
-7.6+
(4.6)
-29.8
(31.6)

75% threshold
Differential increase for Marshfield patients in the
AOI
Log Herfindahl
HMO enrollment

144.5*
(46.8)
-3.3
(4.6)
-21.5
(31.6)

Notes: *= significant at a 5% level or better. += significant at 10% level or better. All regressions
include individual and county-level characteristics as explanatory variables. The number of
observations is 2,264,308 in specifications (a)-(c) and 612,242 in (d). Heteroskedasticity-robust
standard errors in parentheses.
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