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Abstract

This paper empirically examines the relationship between HMO market share and the diffusion
of magnetic resonance imaging (MRI) equipment. Across markets, increases in HMO market share
are associated with slower diffusion of MRI into hospitals between 1983 and 1993, and with
substantially lower overall MRI availability in the mid- and later 1990s. High managed care areas
also had markedly lower rates of MRI procedure use. These results suggest that technology adoption
in health care can respond to changes in financial and other incentives associated with managed care,
which may have implications for health care costs and patient welfare. © 2001 Elsevier Science
B.V. All rights reserved.
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1. Introduction

Among the many questions raised by growth in managed care is the impact it will have
on the development, adoption, and use of new medical technologies. The US health care
system has been characterized for many decades by rapid technological progress, fueled
in part by a reimbursement system that generously payed for the development and use of
new advanced therapies (Weisbrod, 1991). Now, some fear that growth in managed care
is eroding the pillars that supported this system. Managed care has reduced physician and
hospital reimbursement in many parts of the US and moved to limit use of expensive tests
and procedures by enrollees, often focusing most intently on spending for new high cost
technologies at the most advanced institutions. These kinds of changes could reduce the
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profitability of new innovations, and slow adoption and reduce the overall availability of
technologies. This, in turn, could have ripple effects throughout the process of technology
development if researchers and developers perceive changes in the markets for new products
and scale back their efforts or alter their research and development strategies.

Changes in the availability of new technologies and the rate of technological change
could have important implications for the health care system. It is widely believed that
the majority of health care cost growth over the past 50 years is due to technological
change (Newhouse, 1992; Fuchs, 1996). Rapid technological change also appears to have
significantly improved the capacity of medicine to treat disease and thereby substantially
improved the well-being of patients (e.g. Cutler et al., 1998). Understanding the impact of
managed care on technology change is thus important for assessing its impact on spending
and patient welfare, as well as for evaluating and optimally designing policies that would
influence the future development of managed care.

This paper investigates the relationship between managed care activity and the adoption
of magnetic resonance imaging (MRI) equipment, a good example of a technology that
could have been influenced by managed care. MRI is a diagnostic tool for producing high
resolution images of body tissues, most frequently the brain and spinal cord. The first
prototype MRI machines for human imaging were installed in the United States in 1980
and MRI entered general clinical use in 1982 (Baltaxe and Geokas, 1983; Hillman and
Schwartz, 1985). It diffused during the 1980s and 1990s, the period in which managed care
came to play a significant role in the US health care system.

MRI has attracted attention, from managed care plans among others, partly because of its
high cost. Hospitals or other health care providers that wish to offer MRI typically purchase
and install an MRI scanner. 1 The machines themselves are costly, typically running more
than US$ 1.5 million for a new imager, and there are often substantial facility modifications
that must be made to provide coolant for the magnets and shield surrounding equipment
from powerful magnetic fields (Bell, 1996; Steinberg and Evens, 1988). The operating costs
of MRI can also be significant. Personnel and maintenance costs can easily amount to US$
200 000 per year for most facilities, and the cost of supplies were estimated to be more than
US$ 100 per scan in 1995 (Bell, 1996). Patient charges associated with MRI procedures
vary widely depending on things like the complexity of the images required and physician
charges for interpretation, but it is not difficult to run up total charges of more than US$
1000 for many MRI procedures.

MRI can improve the speed and accuracy with which many diagnoses can be made. For
some conditions and patients, though, MRI scans can be viewed as helpful but not neces-
sary. It is sometimes possible to substitute other less expensive procedures like computed
tomography (CT) or ultrasound for MRI with arguably limited effects on the quality of
the diagnosis. Virtually, all insurers cover medically indicated MRI procedures, but health

1 Health care providers that do not purchase their own MRI equipment can make arrangements with other
providers who have adopted MRI to obtain services for their patients. Some form explicit agreements that allow
for patient referrals. Others, particularly hospitals in rural areas, contract with mobile MRI providers that operate
MRI imagers mounted in vehicles that move from place to place. In this paper, I focus on providers that have
adopted their own fixed MRI equipment.
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plans concerned about costs have been particularly vigilant about the use of MRI in cases
where its benefits are not immediately clear or where other procedures could be substituted.

Section 2 briefly reviews mechanisms by which managed care could have influenced
adoption of MRI. I then turn to the empirical work. Using data on hospital adoption of
MRI and data on the overall availability of MRI, I examine MRI diffusion and availability
in markets with varying levels of HMO market share. I conclude that managed care was
associated with slower diffusion of MRI, particularly in hospitals. With expenditures for
the purchase of MRI equipment typically running in the millions of dollars, reductions in
adoption should have produced substantial savings. But, achieving these savings may also
have entailed reductions in the use of services that benefit patients, which would leave
questions about the net welfare effects open. After studying the effects of managed care on
adoption patterns, I briefly examine the relationship between HMO market share and the
number of MRI procedures performed. The results suggest that increases in HMO market
share are strongly associated with declines in the utilization of MRI procedures.

The general patterns and determinants of technology adoption in health care, including
the case of MRI, have been widely studied. 2 The overall impacts of managed care on
spending and premiums have also been previously examined. 3 However, there is relatively
little work that examines the effects of managed care on technology adoption and use in
detail. Cutler and Sheiner (1998) investigated the relationship between state-level HMO
market share and the availability of a range of services in hospitals, finding evidence that
managed care slowed the diffusion of technologies that were diffusing recently. Baker and
Brown (1999) report that managed care reduced the number of mammography providers,
but increased the volume of procedures performed at the remaining sites. Baker and Phibbs
(2000) report that high HMO market share was associated with slower adoption of neonatal
intensive care units between 1980 and 1996. The literature is not unanimous, however, Baker
and Spetz (1999) report that managed care activity was not associated with changes in an
index of hospital technologies, suggesting that managed care may not slow overall adoption,
and Hill and Wolfe (1997) reported mixed effects of managed care on diffusion of a range
of technologies in Wisconsin during and after rapid growth in managed care activity. 4

2. Managed care activity and technology adoption

“Managed care”, for purposes of discussion here, describes a collection of activities
health plans can undertake that are designed to reduce the high levels of utilization and

2 For general studies of health care technology diffusion see, e.g. Anderson and Steinberg (1984), Baker (1979),
Banta (1980), Cutler and McClellan (1996), Fendrick et al. (1994), Globerman (1982), Lee and Waldman (1985),
Romeo et al. (1984), Salkever and Bice (1976), and Russell (1977). For studies specific to MRI, see Hillman and
Schwartz (1985, 1986), Teplensky (1993, 1994), Teplensky et al. (1995), and Vogt (1997).

3 See, e.g. Baker (1997, 1999), Baker and Corts (1996), Chernew (1995), Clement et al. (1992), Feldman et al.
(1986), Feldman et al. (1993), Frank and Welch (1985), Goldberg and Greenberg (1979), McLaughlin (1987,
1988), Noether (1988), Robinson (1991, 1996), Welch (1994), and Wickizer and Feldstein (1995).

4 There have also been some less detailed studies of managed care and technology diffusion. For example, the
Technology Marketing Group (TMG) studied the relationship between HMO market share and utilization of CT,
MRI, cardiac catheterization, and nuclear medicine in 53 metropolitan areas (Vanden Brink, 1995). This study
reported no evidence of a relationship, but used only a single cross section of data and did not control for potentially
important co-variates.
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spending that accompanied unfettered fee-for-service medicine, and improve the efficiency
of health care delivery. These activities can include a range of things like the use of financial
incentives to influence utilization patterns, direct oversight of utilization decisions, selective
contracting with preferred physicians and hospitals, and restrictions on patient choices of
providers through the use of closed panels and gatekeepers.

Growth in the number and size of health plans using strategies like these could influence
technology adoption in several ways. Most straightforwardly, managed care could make it
less profitable for hospitals, physician groups, or other providers to adopt new technologies
like MRI. Many managed care plans have reduced the amounts that they are willing to pay
providers, particularly for expensive services like MRI (Bell, 1996). Patients in managed
care plans are also less frequently referred for expensive tests and procedures (Miller and
Luft, 1997). Beyond just enrollees in managed care plans, evidence also suggests that even
fee-for-service patients treated in areas with high levels of managed care activity receive
less intensive treatments (e.g. Baker, 1999). Reductions in profitability would tend to slow
adoption — virtually all models of technology adoption, including studies of health tech-
nologies, suggest that profitability is a key determinant of adoption patterns (e.g. Mansfield,
1968; Reinganum, 1989).

The view that growth in managed care will slow the adoption of new technologies like MRI
by reducing profitability is commonly encountered. But, it is not clear that managed care
need necessarily slow adoption. If excess profits were earned by providers in the absence of
managed care, growth in managed care that reduced but did not eliminate excess profits need
not change provider behavior. In addition, MRI, like most new technologies, is a substitute
for some services and a complement for others, and a full assessment of the profitability of
adoption would incorporate effects on the complete range of services offered by providers.
Having an MRI may, for example, facilitate more profitable orthopedic surgeries. Similarly,
if managed care plans that selectively contract choose providers to include in their network
based on the availability of services as well as costs, there may be an incentive to adopt new
technologies that are unprofitable in and of themselves in order to help win contracts that
bring in additional patients to other services.

Some literature also stresses the importance of strategic interactions between firms as a
determinant of the speed of adoption (see, e.g. Vogt, 1997). The specific assumptions and
focus of strategic interaction models, and hence their predictions for diffusion processes,
vary from model to model. Most models focus on the returns to being the first adopter in
a market and the incentive for a firm to delay after a rival has adopted. It is not difficult to
believe that managed care could influence the parameters of strategic interactions between
firms, although it is difficult to predict the direction of the effect. If the organizations
that initially win managed care contracts have an advantage in negotiations in subsequent
years, and HMOs value the presence of a new technology in the choice of providers to
contract with, growth in managed care could increase the premium associated with first
adoption. Rivals of the first adopter might then perceive that they should immediately adopt,
before contracting negotiations are completed, leading to an acceleration of adoption in the
presence of managed care. On the other hand, rivals could perceive that the opinions of
managed care plans with respect to the quality of hospitals will have been formed based on
the initial adoption, and that there is little to be gained by subsequent adoption, and choose
to postpone adoption, which could raise the mean time to adoption as HMO market share



L.C. Baker / Journal of Health Economics 20 (2001) 395–421 399

rises. In formal modeling, the direction of strategic effects would depend on the assumptions
about the preferences of managed care organizations and the expectations of hospitals about
the returns to various adoption scenarios, but is increasingly clear that they could play an
important role in adoption processes.

While appeals are frequently made to profitability arguments suggesting that managed
care should slow the adoption of MRI and other similar technologies, this effect could be
mitigated, or even reversed, by other forces. This possibility leaves the direction of the
expected net impact of managed care on the timing and extent of MRI adoption ambiguous
and open for empirical analysis.

3. Empirical approach and data

I study the impact of managed care on MRI by comparing MRI diffusion and availability
in markets with varying levels of managed care activity. I define markets as health care
service areas (HCSAs). HCSAs are groups of counties constructed to approximate markets
for health care services based on Medicare patient flow data (Makuc et al., 1991). There
are 802 HCSAs covering the entire continental United States.

I use data on MRI diffusion and availability from three complementary sources. I begin by
using AHA survey data on hospital adoption of MRI from 1983 to 1993 to estimate adoption
hazard models. These models permit analysis of adoption behavior by a well defined set of
potential adopters (hospitals) over 11 years that encompass much of the diffusion period
for MRI. They do not capture MRI outside of hospitals, but results below suggest that the
primary impact of managed care was on MRI adoption by hospitals, which is captured.

After 1993, the AHA changed the format of its survey questions about MRI, so more
recent AHA data cannot be used in the adoption hazard models. The more recent surveys
do provide some less-detailed information about MRI availability, though, so I use them to
estimate models of the number of hospitals per person that offer MRI services as a function
of managed care activity in different areas. These provide a more recent general measure
of the impact of managed care on hospital MRI availability.

The AHA surveys do not provide information about non-hospital MRI, nor do they report
the actual number of machines in operation or procedure volume. To obtain this information,
I use data from two “censuses” of MRI sites, done in 1993 and 1995, that report the number
of machines operating in and outside of hospitals as well as procedure volume by area.
These data provide the most detailed information and the best opportunity for examining
overall MRI availability and use, albeit only for these 2 years. I use these data to estimate
models of the number of machines per person and procedure use per person in different
areas.

Together, these analyses generate a multi-faceted look at MRI diffusion and availability
covering virtually the entire time period that MRI has been used clinically. The hazard
models produce information about the effect of managed care on the probability of adoption
by an important set of adopters. Estimates of the effect of managed care on the probability
of adoption from these models provide clear evidence about the impacts of managed care
on the behavior of institutions as reflected in their adoption choices. Results from models
of the number of machines per person from the MRI censuses provide useful measures of
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the overall availability of MRI. From a policy perspective, information about the effect of
managed care on the overall availability of MRI equipment per person is valuable since
this provides direct information about the effects of managed care on costs and care for
the population as mediated through the availability of MRI equipment. On the other hand,
models of the overall availability of MRI are less clear about the mechanisms by which
managed care influences availability since the number of machines reflects the number of
candidate adopters, the probability of adoption by candidate adopters, and the number of
machines operated by those that adopt, all of which could be influenced by managed care.

3.1. AHA surveys

Every year, the AHA surveys all of the hospitals operating in the United States. They
began asking about the presence of MRI in 1983, immediately following its introduction
into clinical use. From 1983 to 1993, the surveys obtained specific information about the
presence of MRI equipment in the hospital (see Appendix A for details). To facilitate a
hazard-model analysis of adoption over 1983–1993, I constructed a dataset of non-federal
general medical and surgical hospitals and children’s hospitals in the continental United
States that were observed in 1983. Hospitals in rural areas may behave quite differently than
hospitals in other areas, so I excluded hospitals in HCSAs with populations under 25 000.
This left a sample of 5344 hospitals in 707 HCSAs. I followed each hospital as far as possible
by linking subsequent AHA surveys, and identified hospitals that had adopted MRI (i.e.
acquired MRI equipment) and the year of adoption based on answers to the survey questions
each year. Appendix A describes the identification of adoption dates from the AHA survey
data in detail. Hospitals that could not be followed all the way to adoption or to 1993,
including hospitals involved in mergers or acquisitions, were treated as censored.

Beginning in 1994, the format of the questions changed substantially. Hospitals were
asked more generally about the availability of MRI services in a variety of settings, and
the data do not clearly indicate whether or not the hospital had actually acquired an MRI
machine. One of the questions used during this time period asked was whether MRI was
“owned or provided by the hospital or a subsidiary”. Hospitals answering this question in
the affirmative need not have adopted MRI in the sense of making a decision to acquire
an MRI machine of their own, and they could have provided MRI through a contract
with a mobile service that operates MRI imagers on vehicles that move from place to
place, but patterns of response to this question by area probably do provide a reasonable
approximation of overall hospital MRI availability. I counted the number of non-federal
short-term general or children’s hospitals in each HCSA in each year that reported owning
or providing MRI themselves or through a subsidiary, and I analyze this data for the 707
HCSAs with populations over 25 000.

3.2. MRI census data

Much more detailed information for 2 years is available from MRI “censuses” conducted
by the TMG of virtually all sites providing MRI in the United States, including hospital
and non-hospital sites. The first was conducted in late 1992 and early 1993, and the second
was conducted in late 1994 and early 1995. For each MRI site, these surveys inquired



L.C. Baker / Journal of Health Economics 20 (2001) 395–421 401

about a range of items including affiliation (e.g. hospital or non-hospital), number of MRI
machines, and procedure volume in the preceding year. Appendix A describes the sampling
and survey in more detail. I used this data to compute the number of sites, the number of
magnets, and the number of procedures in 707 HCSAs with population over 25 000 in the
continental United States.

3.3. HMO market share data

I measure the level of managed care activity in each HCSA using data on HMO market
share, defined as the percent of the population enrolled in HMOs. Although there are many
forms of managed care plans that could conceivably exert influence on technology diffusion
processes, good geographically detailed data is only available for HMO market share for the
time period under study here. Since HMOs were by far the most prevalent form of managed
care during much of the time that MRI was diffusing, HMO activity probably provides a
good proxy for the general level of managed care activity at this time. Even in more recent
years, the presence of HMOs is likely to be a good proxy for the overall presence of strong
managed care organizations since HMOs tend to use more stringent utilization management
than other types of health plans, and have been more aggressive in reducing payments to
providers.

At any given time, decisions about MRI adoption should be a function of the current
level of HMO market share and expectations about future levels of HMO market share.
Cumulatively, MRI adoption patterns and ultimate MRI availability levels should, therefore,
be functions of actual HMO market share observed, and expectations about future levels of
HMO market share held, at all of the points over the course of the diffusion of MRI. No
measures of the expectations of physicians and hospital managers are available. Data on
HMO market shares by HCSA are available for the early-1990s, and I classify areas based
on the average market share over the years 1990–1993. I expect this to be a reasonable proxy
for actual and expected HMO market shares during the diffusion of MRI for two reasons.
First, areas that had high HMO market shares in the early-1990s also tended to have high
market shares in earlier years. For example, using data on metropolitan statistical areas, the
correlation between 1990 and 1993 average market share and 1990 market share is 0.98. The
correlation between 1990 and 1993 average and 1983 market share is 0.66. Second, areas
that had high HMO market shares in the early-1990s also tended to have high growth rates
in HMO market shares since 1983 when MRI began diffusing. For example, the MSA-level
correlation between the 1990 and 1993 average and the market share change between 1983
and 1993 was 0.82. If physicians and hospital managers were able to forecast HMO growth
in their areas with some degree of accuracy, those in areas with high 1990–1993 average
market share would also have had higher expected future market share levels during the
time period when MRI was diffusing.

The estimates of market share I use were constructed using Group Health Association
of America (now the Association of American Health Plans) reports of total enrolment and
counties served for all HMOs operating in the United States as of 31 December of each
year 1990–1993. Using this data, county-level estimates were constructed by apportioning
the enrolment of each HMO among the counties served, and estimates for HCSAs were
constructed by aggregating the county-level estimates. The construction of these estimates
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is described in more detail in Appendix A. The nation-wide mean of the 1990–1993 average
market share is 16%. Across HCSAs, average 1990–1993 market shares range from 0 to
50%.

4. Overall MRI diffusion and availability

Table 1 summarizes adoption of MRI by hospitals in the 1983–1993 AHA survey sample.
Over this time period, 1176 hospitals adopted MRI. Kaplan-Meier estimates of the cumu-
lative adoption probability rise from 0 to nearly 25% by 1993. A total of 90 of the original
5344 hospitals are censored before 1993, when all remaining hospitals are censored. The
majority of these are censored because they close or merge during the time period, and the
large number of hospitals in this category is consistent with overall trends in the hospital
industry.

AHA data from 1994 to 1998 suggest that MRI continued to diffuse through the late
1990s, although perhaps somewhat more slowly. Fig. 1 plots the cumulative adoption
probabilities for 1983–1993 from Table 1 along with the share of hospitals in the AHA
survey that reported having MRI owned or provided by the hospital or a subsidiary each
year for 1994–1998. As a group, AHA survey data from 1994 to 1998 show more MRI
availability than the earlier data, likely because of the more general question about pro-
viding MRI and the failure to distinguish fixed MRI equipment from MRI provided
by mobile services. Nonetheless, the trend in the 1994–1998 data suggests continued
diffusion with a possible slowing of diffusion toward the end of the time
period.

Table 1
Summary of hospital MRI adoption dataa

Survey
year

Hospitals
“at risk”

Yearly
adoptions

Cumulative
adoptions

Censored Kaplan-Meier cumulative
adoption probability

1983 5344 104 104 28 0.019
1984 5212 38 142 71 0.027
1985 5103 102 244 94 0.046
1986 4907 112 356 103 0.068
1987 4692 126 482 114 0.093
1988 4452 145 627 85 0.122
1989 4222 89 716 118 0.141
1990 4015 98 814 94 0.162
1991 3823 100 914 131 0.184
1992 3592 105 1019 52 0.208
1993 3435 157 1176 3278 0.244

a Note: the baseline sample is 5344 hospitals in HCSAs with population of more than 25 000 observed in 1983.
The number of hospitals at risk is the number that had not previously adopted or been censored. The number of
adoptions is the number of hospitals observed to adopt in the interval between the year indicated and the prior
year. Censored observations are those not observed to adopt in the indicated year, and not observed in subsequent
years. The Kaplan-Meier cumulative adoption probability is computed as 1−S(t) where S(t) is the Kaplan-Meier
estimate of the survival curve, with survival indicating non-adoption.
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Fig. 1. Percent of hospitals with MRI (note: from author’s calculations using AHA data. The base sam-
ple is non-federal short-term general and children’s hospitals in non-rural HCSAs. Values for 1983–1993 are
Kaplan-Meier estimates of the cumulative adoption probability for hospitals observed in 1983. Values for
1994–1998 are the share of hospitals surveyed each year that reported owing or providing MRI by the hospi-
tal or a subsidiary).

Table 2 reports the total number of sites, magnets, and procedures in the 707 HCSAs
with populations over 25 000 based on the 1993 and 1995 MRI censuses. 5 In 1995, there
were 2484 MRI sites in these areas. These sites operated 2787 magnets, a good indication
of the number of MRI machines in operation since each machine typically requires its
own magnet. A little over half of the magnets in the US are located in hospitals, 6 and
the remainder are in clinics, physician offices, and other non-hospital locations. About 7.7
million MRI procedures were performed in the United States in 1993 and 8.2 million in 1995.

5. HMOs and hospital MRI, 1983–1993

Hazard models provide a natural framework for studying technology adoption by a well
defined set of candidate adopters (e.g. Rose and Joskow, 1990; Cutler and McClellan, 1996).

5 Limiting the analysis to the 707 HCSAs with populations over 25 000 removes very few MRI sites from
consideration. In 1993, for example, there were four MRI sites, performing about 8000 procedures per year total,
located in the excluded HCSAs.

6 These data compare favorably with the AHA survey data, which indicated that 1176 hospitals had adopted MRI
by 1993, compared to the MRI census estimate of 1291 magnets in hospitals in early 1993. One would not expect
exact agreement since the AHA data I use exclude some types of hospitals, MRI diffused over time, and some
hospitals had more than one magnet.
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Denoting the cumulative probability that hospital i has MRI at time t by Fi(t) and the density
function as fi(t), the hazard is defined as the probability that hospital i acquires MRI at time
t conditional on not having acquired MRI up to that point: λi(t) = fi(t)/[1 − Fi(t)]. I
parameterize the hazard using a proportional hazard form: λi(t) = λ0(t) exp(xi

′β) where
xi denotes co-variates that determine the proportionality in the hazard and λ0(t) is the

baseline hazard. Define γ (t) = ln
(∫ t

t−1λ0(τ ) dτ
)

to be the logarithm of the integrated

baseline hazard of adoption from t−1 to t. Then the cumulative probability of adopting
MRI by time t is given by

Fi(t) = 1 − exp

[
−

t∑
s=1

exp(x′
iβ + γ (s))

]
. (1)

Denote the first time is which provider i is observed to have MRI by t∗i . The probability that
MRI was acquired during the interval between time t∗i −1 and t∗i is Fi(t

∗
i )−Fi(t

∗
i −1). The

probability that provider i has not acquired MRI by the time of censoring, Ti , is 1−Fi(Ti).
Letting δi = 1 for providers that are observed to adopt and δi = 0 for providers that are
censored, the likelihood function for the data is given by

L(γ, β) =
N∏

i=1

[Fi(t
∗
i ) − Fi(t

∗
i − 1)]δi [1 − Fi(Ti)]

(1−δi ) (2)

The likelihood in Eq. (2) is based on differences in the cumulative distribution function
and is the correct likelihood for data of the type analyzed here, where the intervals during
which adoptions occur are observed, but not the exact timing of the adoption. I maximize
the logarithm of this likelihood function using standard techniques.

To allow flexible adoption patterns over time, I use a non-parametric baseline haz-
ard (Prentice and Gloeckler, 1978; Meyer, 1990). Hospitals that close, merge, or oth-
erwise drop out of the sample before 1993 without adopting are considered censored. 7

All of the hospitals in the sample that had not adopted by 1993 were censored in
1993.

HMO market share is categorized into five groups: <1, 1–5, 5–15, 15–25, and 25% or
more. This grouping will both capture non-linearities in the effect of market share and
dampen the effects of any measurement error in the market share data. In addition to market
share, the models include a set of hospital characteristics that could influence adoption:
the average bed size of the hospital over 1983–1993 and dummy variables for hospitals
affiliated with medical schools, other major teaching hospitals, and children hospitals. I
also control for a variety of area characteristics. One group of area controls is designed
to account for the degree of urbanization and includes the market population and pop-
ulation squared, the area population per square mile and its square, and the percent of

7 An assumption of these kinds of models is that censoring is independent of adoption hazard, i.e. F(t) is identical
for censored and non-censored observations. Here, hospitals censored for closure or merger could have different
adoption hazards than hospitals that are not censored. To investigate the impact of pooling hospitals and assuming
fixed F(t), I reestimated the models below using only hospitals that did not close or merge between 1983 and 1993.
The results were almost identical to those reported, suggesting that treating censoring from closure or merger as
independent does not significantly bias the results.
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the population that lives in an urban area and its square. A second set of variables aims
to capture important determinants of health care demand, including population age, ed-
ucation, and income. A third set of area variables controls for characteristics of the area
health care system including the number of hospitals per 1000 population, and the total
number of generalists, specialists, and radiologists per 1000 population. Finally, I include
the average 1990 Medicare AAPCC, a general measure of health care costs and utiliza-
tion patterns in the HCSA. With the exception of the AAPCC, I measure all of the area
variables as of 1993 since these levels seem likely to capture both actual levels of these
variables over preceding years and the expectations of hospital managers about trends over
1983–1993. Column 5 of Table 3 reports means and standard deviations of the independent
variables.

The first 4 columns of Table 3 report estimation results. Results from the basic model
(column 1) indicate that increasing HMO activity is associated with substantial reductions
in the adoption hazard. The relative hazard for each HMO market share group compared to
the lowest market share areas is shown in brackets. Hospitals in the highest market share
areas had adoption hazards 28% lower than hospitals in the lowest market share areas. There
appears to be some non-linearity in the effect. Moving to the middle market share groups
produces a substantial reduction in the adoption hazard, with slower declines as market
share increases further. 8

To illustrate the effects, Fig. 2 plots predicted values of F(t) for markets with <1, 5–15,
and 25% or more market share, holding other covariates fixed at their sample means. The
model predicts that by 1993, the cumulative adoption probability was 15.9% for hospitals
in the highest market share areas, compared to 17.0% for hospitals in the middle market
share group, and 21.5% for hospitals in the lowest market share group. 9

Some other coefficients in Table 3 are noteworthy. The most significant predictors of
adoption in the model are hospital characteristics. More specialized hospitals, indicated by
affiliation with an academic medical center or children’s hospital status, are much more
likely to adopt MRI than other hospitals. Larger hospitals are also much more likely to
adopt. The urbanization variables were not strong predictors of adoption, but they tend to
suggest lower adoption hazards in more urbanized areas. Hospitals in areas with many other
hospitals are also less likely to adopt. More urbanized areas with many hospitals may not
need MRI in all area hospitals to meet population demand, and these results suggest that
MRI was adopted in limited numbers of hospitals in these kinds of areas. This runs counter
to the “medical arms race” hypothesis, which suggests that hospitals with many competitors

8 These results are robust to a variety of respecifications, including: (1) allowing all of the non-HMO co-variates
to be time-varying; (2) including a control for for-profit hospitals; (3) removing the potentially endogenous
controls for area number of hospitals and physicians and the AAPCC; (4) including only hospitals in MSAs
and measuring HMO market share with either GHAA/AAHP-based MSA market share estimates or Interstudy’s
published market share estimates for MSAs; and (5) weighing the regressions by either area population or the area
number of hospitals.

9 Fig. 2 suggests that the adoption gap between higher and lower market share areas grows constantly over time.
In part, this is the result of assuming that the proportionality in the hazards is constant over time. Allowing the
proportionality to vary over time suggests that after 1991 the gap continues to widen for the highest market share
areas relative to the lowest market share areas, as shown in the figure, but stays relatively constant for intermediate
market share areas relative to the lowest market share areas.
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Table 3
Estimates from hospital MRI adoption hazard models, 1983–1993a

Hazard model results Variable
means

(1) (2) (3) (4) (5)

Area HMO market share 1–5% −0.009
(0.123)
[0.991]

−0.083
(0.136)
[0.920]

−0.006
(0.123)
[0.994]

−0.008
(0.123)
[0.992]

0.178
(0.383)

Area HMO market share 5–15% −0.264
(0.126)
[0.768]

−0.380
(0.139)
[0.684]

−0.250
(0.126)
[0.778]

−0.260
(0.126)
[0.771]

0.331
(0.470)

Area HMO market share 15–25% −0.250
(0.146)
[0.779]

−0.495
(0.183)
[0.610]

−0.260
(0.147)
[0.771]

−0.319
(0.150)
[0.727]

0.162
(0.369)

Area HMO market share ≥ 25% −0.333
(0.160)
[0.717]

−0.524
(0.226)
[0.592]

−0.362
(0.159)
[0.696]

−0.348
(0.161)
[0.706]

0.144
(0.352)

Hospital had CT in 1983 – – 0.961
(0.086)
[2.614]

– 0.387
(0.487)

Hospital had ultrasound in 1983 – – 0.455
(0.132)
[1.576]

– 0.756
(0.430)

Area non-hospital MRI machines
per population in 1993

– – – −0.407
(0.112)
[0.666]

0.360
(0.363)

Area population over age 65 (%) −0.032
(0.016)

−0.054
(0.020)

−0.044
(0.016)

−0.029
(0.016)

13.307
(2.980)

Area population high school graduate (%) 0.002
(0.007)

0.018
(0.012)

0.000
(0.008)

0.001
(0.008)

73.829
(7.468)

Area population college graduate (%) 0.006
(0.014)

−0.017
(0.017)

0.008
(0.014)

0.004
(0.014)

18.254
(6.166)

Area per capita income /1000 −0.035
(0.019)

0.018
(0.022)

−0.037
(0.019)

−0.030
(0.019)

19.323
(4.074)

Area population urban (%) −0.061
(0.105)

−0.025
(0.120)

−0.098
(0.105)

−0.056
(0.106)

6.616
(2.318)

(Area population urban)2 (%) 0.014
(0.008)

0.003
(0.010)

0.017
(0.008)

0.015
(0.009)

49.147
(29.402)

Area population/1,000,000 −0.084
(0.068)

−0.011
(0.081)

−0.078
(0.066)

−0.090
(0.069)

1.272
(2.253)

(Area population)2 0.007
(0.005)

−0.001
(0.006)

0.006
(0.005)

0.007
(0.005)

6.693
(24.013)

Area population per square mile/1000 −0.245
(0.075)

0.003
(0.051)

−0.223
(0.074)

−0.241
(0.075)

0.714
(3.147)

(Area population per square mile)2 0.005
(0.002)

0.000
(0.001)

0.005
(0.002)

0.005
(0.002)

10.410
(111.594)
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Table 3 (Continued)

Hazard model results Variable
means

(1) (2) (3) (4) (5)

Area hospitals/1000 population −7.084
(2.903)

−11.823
(3.572)

−1.555
(2.821)

−7.386
(2.913)

0.029
(0.023)

Area generalists/1000 population −0.768
(0.528)

−0.002
(0.609)

−0.484
(0.540)

−0.844
(0.534)

0.514
(0.137)

Area specialists/1000 population 1.002
(0.278)

0.423
(0.295)

0.800
(0.282)

1.157
(0.282)

0.863
(0.401)

Area radiologists/1000 population −5.598
(2.556)

−1.991
(2.597)

−4.344
(2.552)

−6.105
(2.525)

0.070
(0.030)

Area Medicare AAPCC/100 0.007
(0.075)

−0.059
(0.104)

−0.061
(0.075)

0.033
(0.075)

3.448
(0.739)

Medical school affiliation 0.380
(0.093)

0.476
(0.097)

0.136
(0.088)

0.391
(0.093)

0.163
(0.370)

COTH member 0.128
(0.119)

0.178
(0.122)

0.288
(0.112)

0.109
(0.119)

0.060
(0.237)

Children’s hospital 0.746
(0.233)

0.646
(0.238)

0.793
(0.235)

0.711
(0.234)

0.008
(0.088)

Average bed size/100 0.342
(0.019)

0.335
(0.020)

0.285
(0.019)

0.343
(0.019)

1.754
(1.708)

State dummies No Yes No No –

N 5344 5344 5344 5344 5344

Log-likelihood −4820.51 −4732.84 −4711.97 −4812.95 –

a Note: Robust standard errors in parentheses. Hazard ratios in brackets. All equations include 11 baseline
hazard parameters. COTH is council of teaching hospitals.

are more likely to adopt new technologies like MRI. Interestingly, demand variables, like
population age, income, education, and the AAPCC are not strong predictors of adoption,
and those that do approach significance suggest that characteristics normally associated
with higher demand for medical care are associated with reduced adoption.

There may be characteristics of areas that are not accounted for in the models shown
in column 1 that confound the effects of HMO market share. For example, some states
have certificate of need programs or other laws that govern the adoption of new medical
technologies. Preferences for health care and styles of treatments may also vary geograph-
ically. Including state dummies is a way to control for state-level variation in policies or
other characteristics, although including them also runs the risk of absorbing exogenous
variation in HMO activity. Results from a model with state dummies (column 2) continue
to indicate that increases in market share are associated with lower adoption hazards, and
suggest an effect even stronger than observed in column 1.

Unobserved heterogeneity, particularly that arising from variations in patient or provider
preferences for high-tech health care, could still exist across areas within states. HMOs may
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Fig. 2. Predicted cumulative adoption probabilities (note: the predicted cumulative adoption probabilities are based
on the model in column 1 of Table 3).

have disproportionately located in areas with low demand for high-tech diagnostic imaging
because of, say, high levels of health or strong preferences for low-tech medicine among the
population. HMOs may also have located in areas with strong preferences for outpatient care,
and correspondingly low incentives for hospital adoption. If these kinds of factors were not
captured by the co-variates included in the models above, estimates of the effect of HMOs
would be biased. An approach to this problem is to control for adoption patterns of tech-
nologies that diffused before managed care could have played an important role in adoption
decisions. If there is some fixed characteristic of high market share areas that causes hospitals
located in them to adopt new technologies more slowly than hospitals in other markets, this
should be reflected in the diffusion of earlier technologies. Here, I control for the presence
of CT scanners and ultrasound equipment. Both are capital embodied, diagnostic imaging
technologies that had diffused to a large degree by the early-1980s. CT in particular is very
similar to MRI, except that it began diffusing in 1973. I expect the presence of CT and ultra-
sound by the early-1980s to reflect the underlying propensities of hospitals in different areas
to adopt advanced imaging equipment, independent of the effects of managed care. An addi-
tional advantage of controlling for CT and ultrasound is the potential for substitution across
technologies. If hospitals with CT and ultrasound are less likely to adopt MRI because they
do not see the need for another imaging technology, this would be captured in this model.

Column 3 of Table 3 presents results from a model including these variables. Hospitals
that adopted CT and ultrasound by 1983 are much more likely to adopt MRI, but controlling
for CT and ultrasound adoption does not have a substantial impact on the HMO market share
coefficients. This is consistent with the view that there is not some fixed characteristic of
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areas that leads hospitals in high market share areas to adopt advanced imaging technologies
more slowly than hospitals in other areas. 10

It might also be that HMOs disproportionately located in areas with strong outpatient
delivery systems, where MRI adoption would naturally have occurred more frequently
in outpatient settings rather than hospitals. It may also be that HMOs encouraged MRI
adoption by outpatient facilities, leading hospitals to adopt less. A way to investigate this
is to include the number of non-hospital MRI machines per person in 1993 from the 1993
MRI census as a control in the hazard models. This variable may be endogenous, but will
absorb fixed area characteristics or HMO effects that led to reduced hospital adoption via
increased non-hospital adoption. Results, in column 4, are little different, suggesting that
the HMO effect is not due to characteristics of area outpatient facilities or HMO diversion
of adoption to outpatient facilities.

6. HMOs and MRI machines in and out of hospitals, 1993 and 1995

The AHA data provide only part of the picture of MRI availability in the United States
since many MRI machines are not in hospitals, and even for hospitals the AHA surveys
do not provide information about the number of installed units. The 1993 and 1995 MRI
censuses provide data on the number of magnets operated in and outside of hospitals.

I used MRI census data for 707 HCSAs with populations over 25 000 to estimate regres-
sions of the form

MAGj,1993

POPj,1993
= δ0 + δ1HMOj + δ2Xj + ηj (3)

MAGj,1995

POPj,1995
= β0 + β1HMOj + β2Xj + εj (4)

where MAGj,t is the number of magnets in area j in year t, POPj,t the area population
(in hundred thousands), HMOj the average 1990–1993 HMO market share, Xj a vector of
co-variates, and ε and η are the error terms. 11 These models include the same controls for
area characteristics used in the hazard models, and add a measure of the average bed size
of area hospitals.

Results are shown in Table 4. In both years, the results suggest that increases in market
share are associated with declines in MRI availability. The HMO effect observed in 1995
is stronger and more consistent than in 1993. Since the difference in the estimated HMO

10 Another approach to unobserved heterogeneity is to model it as a multiplicative additional source of error in
the MRI adoption equation so that the hazard becomes λi(t) = θiλ0(t) exp(x′

iβ) where θi is a random variable
capturing the unobserved heterogeneity, assumed to be independent of xi (Heckman and Singer, 1984; Meyer,
1990). Parametric and non-parametric estimation of this model produced results similar to those shown, indicating
that the results are not biased by unobserved heterogeneity of this particular form.
11 Eqs. (4) and (5) are similar to the differences in differences model that could be estimated using data from both
years pooled: MAGj,t /POPj,t = γ0 + γ1Y1995j + γ2HMOj + γ3HMO∗

j Y1995j + γ4Xj + vj,t where Y1995 is
a dummy for observations from 1995. The specification in Eqs. (3) and (4) relaxes the assumption that the error
terms v are iid, allowing for separate distributions for 1993 and 1995. As a practical matter, the effect on the results
is minimal.
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effects, β1 − δ1, is a measure of the effect of HMO market share on the 1993–1995 growth
rate in magnets per capita, this suggests that MRI availability grew less quickly in high
HMO areas. To illustrate, the bottom portion of Table 4 reports predicted values holding
the control variables fixed at their sample means. In low market share areas, MRI sites per
100 000 population rose substantially between 1993 and 1995, while there were many fewer
MRI adoptions in high market share areas. 12 By 1995, the predicted number of magnets per
person in the highest market share areas was 30% lower than in the lowest market share areas.

These results can be used to obtain an estimate of the effect of managed care on the
total number of MRI scanners in use. Using results from the 1995 model (column 2), I
simulated the total number of magnets that would be in operation in 1995 if all market areas
had market shares of <1%, and, correspondingly, 0.928 scanners per 100 000 population.
By this calculation, there would have been 3255 MRI machines in operation in 1995, 468
(17%) more than the 2787 actually observed.

Consistent with the hazard model results, areas with larger hospitals have more magnets
per person. More urbanized areas and areas with more hospitals also have more magnets per
person. The hazard models above showed lower adoption hazards in these areas, but these re-
sults suggest that there were enough more health care providers to offset the lower adoption
hazards and produce higher availability. As above, most indicators of demand were not sig-
nificant predictors of MRI availability, although in these models areas with higher levels of
traditional Medicare spending (as measured by AAPCC) did have more magnets per person.

Including state dummies as a control for state policies and state-level sources of un-
observed heterogeneity produces consistent results. For example, with state dummies, the
1995 coefficient for areas with average 1990–1993 market share 15–25% is −0.172 (S.E. =
0.111) and the coefficient for areas with market share of 25% or more is −0.223 (S.E. =
0.137). Adding the number of area hospitals with CT and ultrasound in 1983 as controls
for area adoption of earlier technologies has almost no impact on the coefficients.

The effect of managed care is centered in hospitals. Columns 3–6 of Table 4 report results
from regressions in which the dependent variables are the number of hospital magnets
(columns 3–4) and non-hospital magnets (columns 5–6) per person. Increases in HMO
market share are associated with strong reductions in the number of hospital magnets in
both years, with stronger effects in 1995. The effect on non-hospital magnets is much
weaker. Mechanically, the coefficients from hospital and non-hospital magnet models in
each year must sum to that year’s coefficient for total magnets reported in columns 1–2, so
that columns 3–6 can be regarded as a decomposition of the total effect. As such, it suggests
that the great majority of the observed effect of HMO market share on MRI availability
came about through effects on hospitals.

This is perhaps not surprising given the tendency of managed care organizations to
promote the use of outpatient health care over inpatient care. Not only may reduced demand
for inpatient services directly reduce the returns a hospital would receive from owning an
MRI machine, but the more general squeeze that managed care has put on hospital finances
may make also it more difficult for hospitals to obtain the resources required to purchase

12 A natural question is the impact of managed care on the average number of magnets per site. Regressions
using the number of sites per person as the dependent variable produced very similar coefficients, suggesting that
increases in HMO market share are not associated with changes in the average number of magnets per site.



L.C. Baker / Journal of Health Economics 20 (2001) 395–421 413

MRI equipment. On the other hand, managed care may have encouraged more demand for
outpatient services and increased the profitability of owning MRI for physicians offices,
clinics, and other outpatient sites.

7. HMOs and hospital MRI After 1993

A natural question is the extent to which these effects have persisted into the later 1990s.
AHA data from 1994 to 1998 can provide information about more recent trends in hospital
MRI adoption. I used this data to compute the number of hospitals that indicated having MRI
“owned or provided by the hospital or a subsidiary” per 100 000 population in each area,
which should serve as a general measure of MRI availability in the area. I then estimated
annual cross-sectional OLS models of the form

MRI HOSPj,t

POPj,t

= β0 + β1HMOj + β2Xj + εj,t (5)

where MRI HOSPj,t denotes the number of hospitals with MRI in area j in year t. HMOj and
Xj denote the same set of HMO measures and other co-variates used in the MRI availability
models.

These models indicate substantial reductions in the number of hospitals with MRI associ-
ated with increasing HMO market share, consistent with the view that the effects observed
above have persisted. In 1994, there were 0.670 hospitals with MRI per 100 000 population
in the United States as a whole. Areas with market shares of 15–25% had 0.203 fewer MRI
hospitals per 100 000 population than areas with less than 1% market share (S.E. = 0.103).
Areas with HMO market shares of 25% or more had 0.353 fewer (S.E. = 0.133). By 1998,
the gap had widened. There were then 0.771 MRI hospitals per 100 000 population in the
US, and areas with the highest market shares had 0.526 fewer MRI hospitals than areas
with the lowest market shares (S.E. = 0.185).

These results suggest that MRI diffused more quickly during 1994–1998 in lower market
share areas than in higher market share areas. Evaluating predicted values from these models
around the national means suggests that areas with less than 1% market share went from
0.815 MRI hospitals per 100 000 population in 1994 to 0.995 in 1998. Areas with market
shares 15–25% went from 0.612 to 0.665, and areas with market shares of 25% or more
stayed approximately constant, moving from 0.462 to 0.469.

8. MRI utilization

Reductions in adoptions could reduce patient access to MRI equipment. 13 Managed care
could also directly reduce utilization, given a fixed number of MRI machines. I investigate

13 Technically, reductions in the number of sites with fixed MRI equipment need not reduce the number of sites
at which MRI is available since providers can contract with mobile MRI services. HMOs could have inhibited
adoption of MRI but induced contracting with mobile services, which is typically cheaper. To investigate, I
estimated models of the number of sites using mobile providers per 100 000 population from the MRI censuses,
and found no significant relationship with HMO market share. This suggests that reductions in fixed MRI were
not offset by increases in mobile service use.
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Table 5
Estimates from OLS regression models for MRI procedures per person, 1993 and 1995a

Total procedures
per 100000 population

Hospital procedures
per 100000 population

Non-hospital procedures
per 100000 population

1993 1995 1993 1995 1993 1995
(1) (2) (3) (4) (5) (6)

Market share 1–5% −168 (130) −287 (147) −223 (128) −307 (146) 55 (88) 20 (84)
HMO market share 5–15% −214 (146) −449 (153) −320 (136) −493 (151) 106 (105) 44 (104)
HMO market share 15–25% −427 (193) −632 (208) −336 (164) −633 (198) −91 (180) 1 (179)
HMO market share ≥ 25% −433 (208) −825 (228) −452 (185) −841 (217) 19 (174) 16 (180)
N 707 707 707 707 707 707
R2 0.456 0.374 0.193 0.148 0.360 0.327

Predicted values
Market share < 1% 2236 2637 1596 1984 640 653
Market share 1–5% 2068 2350 1373 1677 695 673
Market share 5–15% 2021 2188 1276 1491 745 697
Market share 15–25% 1809 2005 1260 1350 549 654
Market share ≥ 25% 1803 1812 1144 1143 659 669

a Note: Robust standard errors in parentheses. The models also control for urbanization, demographics, and
area health system characteristics. Predicted values are computed holding other covariates in the models at their
sample means. Procedure data from the 1993 survey reflect the number of procedures performed in 1992; data
from the 1995 survey reflect procedures performed in 1994.

the impact of HMO market share on MRI procedure use using models analogous to those
estimated for magnets per person. Procedure volume data are derived from the 1993 and
1995 MRI censuses, which asked sites to indicate their total annual procedure volume in the
preceding year. I include procedures from sites with fixed equipment and sites contracting
with mobile services. Regression results are presented in Table 5. Increases in HMO market
share are associated with substantial reductions in total procedure use in both 1992 and
1994, with stronger effects in 1994. Areas with market shares of 25% or more performed
more than 800 fewer procedures per 100 000 population than areas with <1% market share,
a reduction of 31% for an area with average characteristics. As with magnets, the declines
in procedure utilization are largest in hospitals, and there is little evidence of an effect of
managed care on non-hospital procedure use.

I simulated the effects of managed care on the total number of MRI procedures performed,
using results from the 1995 model and computing the total number of procedures predicted
to have been done if all market areas had market shares of <1%. By this calculation, there
would have been just over 9.5 million procedures done in 1995, 1.3 million (16%) more
than the 8.2 million observed.

One way to view procedure data is as an additional measure of diffusion. By this measure,
HMO market share is associated with sharp reductions in diffusion, consistent with those
identified by looking at the number of magnets per person. Procedure data can also serve as
an indicator of impacts on patient care and well-being. It is clearly not the case that the same
number of patients receive MRI in high managed care areas as in low managed care areas,
which raises questions about the value of the procedures foregone. MRI is typically not a
technology that itself saves lives, but, among other things, it can improve therapy choice,
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speed up treatments, and ease worries about the presence of serious health conditions, so
reductions in procedure use could reduce patient welfare. The magnitude of this effect is
difficult to determine. In a fee-for-service system, MRI services may well be consumed
to the point where the value of the marginal procedure is low. If this is the case, and the
marginal procedures are the ones that get rationed in the presence of managed care, then
welfare reductions from reduced procedure use could be small. These data, though, do not
provide information about the value of the specific procedures foregone, so a more detailed
assessment would have to be taken up by future work with better data.

In both 1993 and 1995, the reduction in procedure volume associated with increasing
market share is about the same size as the reduction in magnets, so that on average the
number of procedures per magnet stays about the same with increases in market share. This
is interesting in that it suggests managed care activity has not increased the efficiency with
which MRI machines are used, a goal frequently espoused by managed care plan that would
likely be furthered by increasing the number of procedures per machine. Note though that
the number of magnets may change more slowly than procedure use and may not have
reached equilibrium. A lack of change in overall procedures per magnet could also occur
if managed care plans concentrate their patients at efficient centers with high volume, but
leave other centers with reductions in volume so that the overall mean is not changed.

9. Conclusions

Data from AHA surveys and from two MRI censuses indicate that increases in HMO
activity are associated with slower diffusion of MRI equipment and lower overall MRI
availability. This is consistent with the view that changes in incentives brought about by
managed care can have important impacts on technology diffusion in health care.

Since MRI is still diffusing, it is probably too early to say for sure that the equilibrium
levels of MRI will be lower in high managed care areas, although that would be a natu-
ral outcome of the patterns observed so far. In particular, evidence from the most recent
AHA surveys does suggest a general slowing in MRI diffusion in the late-1990s, coupled
with substantially reduced MRI availability levels in high managed care areas, consistent
with the patterns one might expect if managed care were to bring about lower equilibrium
availability levels.

Since technology advancement is thought to be one of the most important drivers of health
care costs, this suggests that managed care may be able to influence costs by changing tech-
nology diffusion patterns. It is difficult to determine the savings associated with reductions
in MRI adoption and use with any degree of precision, but some estimates can be made by
combining results here with data from earlier studies of MRI facility finances. For new MRI
installations, purchasing the machine and buying or renovating necessary space typically
costs at least US$ 1 million (Bell, 1996; Steinberg and Evens, 1988). Using the MRI census
data, I estimate that there were about 468 fewer MRI adoptions due to managed care. If
these would all have been new installations, savings from foregone equipment purchases
and space charges on the order of US$ 500 million could be conservatively estimated. Fa-
cilities operating MRI equipment also incur annual operating costs for a range of things like
maintenance, personnel, insurance, and utilities. Bell (1996) estimates these costs at about
US$ 420 000 per year for a facility doing 2500 procedures per year. If there were 468 fewer
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facilities in 1995 and thereafter, this would produce annual savings on the order of US$ 200
million. Finally, each MRI procedure incurs costs for film, other supplies, and a fee for the
physician who reads the MRI. Bell (1996) estimated these to be about US$ 200 per proce-
dure. The procedure use models from the MRI census data indicated a reduction of about 1.3
million MRI procedures associated with increasing HMO market share in 1995, suggesting
annual savings of another US$ 260 million in per-procedure costs. These are only rough
estimates, but they clearly suggest the potential for reductions in MRI adoption and use to
produce substantial savings, particularly over time as large annual savings accumulate.

Although the savings may be substantial, these results do not by themselves demonstrate
that managed care can have long-term impacts on cost growth rates. Reductions in adop-
tion and frequency of use for any single technology need only produce one-time savings.
To substantially impact cost growth rates, managed care would have to slow the pace of
development and adoption of many new technologies, or persistently limit the spread of
a range of technologies to new conditions and patients. The fact that managed care can
influence adoption and use of MRI leaves open the possibility that it might be able to do so
for other technologies as well, although the extent to which these effects can be extrapolated
to other technologies is not completely clear. In the field of diagnostic imaging, there are
other diffusing technologies that are not unlike MRI, including PET and SPECT scanners,
and which might be affected in similar ways. However, MRI differs in important ways
from other new technologies like genetic screening procedures. Further research on other
technologies and on other aspects of technology development and use are needed to fully
evaluate the long-term effects of managed care.

A full assessment of the implications of managed-care-induced changes in MRI adoption
and use must balance welfare gains from savings against potentially offsetting changes in
patient care or health outcomes. I did observe reductions in procedure use, which could
reduce welfare, although the extent to which they would do so is hard to determine. It seems
quite possible that fee-for-service incentives could have prompted the consumption of MRI
to the point where the marginal value was low, so that welfare reductions from reduced
utilization of marginal procedures may be small, and the welfare gains from expenditure
savings more likely to dominate. On the other hand, if the baseline marginal value was
not low or if the procedures rationed were inframarginal, effects could be larger. These
data are insufficient to specifically investigate the value of the foregone procedures and
further attention should be paid to their value for patients. Managed-care-induced changes
in technology adoption also warrant attention for the impact they could have on future
technology development. If researchers and developers alter their efforts in response to
managed care, the future direction and extent of new developments in medical technology
could be altered. This could have potentially important impacts on patient welfare, although
it is not clear whether one should expect any such changes to be welfare increasing or
decreasing, and it may be very difficult to empirically determine.
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Appendix A. Additional information about the data

A.1. AHA data

Beginning with the 1983 survey, the AHA has used four different sets of questions to
inquire about the presence of MRI. In 1983–1989, the AHA survey asked hospitals whether
they had hospital-based MRI, MRI was provided by another hospital or provider, or whether
MRI was not available. Some hospitals may offer MRI through a contract with a mobile
service that operates equipment mounted on vehicles that move from place to place. In 1990,
the survey retained the original question and added a question asking hospitals that indicated
having hospital-based MRI services whether they used fixed equipment or provided MRI
through a contract with a mobile provider. The 1993 survey added the option for hospitals
to say MRI was provided using both fixed and mobile equipment to the second question,
(no hospitals indicated using both). In 1994, the AHA survey changed the question format
dramatically, replacing the earlier questions with a series of questions asking whether MRI
was “owned or provided by (the) hospital or a subsidiary” or provided by other providers in
health systems, networks, joint ventures, or elsewhere in the local community. This change
is associated with an increase in the number of hospitals that reported having MRI. My
hazard model analysis of adoption over time runs from 1983 to 1993. Separate analysis of
data from 1994 to 1998 is reported in the text.

I used responses to AHA survey questions to identify hospitals that adopted fixed MRI
equipment between 1983 and 1993 and the year in which they did so. I considered four
definitions of adoption year:

1. Adoption year is the first year in which the hospital says it has MRI (pre-1990) or fixed
MRI (post-1990).

2. Adoption year is the first year of the first consecutive pair of years in which the hospital
says it has MRI (pre-1990) or fixed MRI (post-1990). For example, a hospital that said
it had MRI in 1985, 1987, and 1988, but not 1986 would be defined to have adopted
in 1987. Forcing hospitals to indicating having MRI twice in a row to signify adoption
results in the reclassification of a small number of hospitals that indicate having MRI in
1 year but then say that they do not have it in surrounding years.

3. Adoption year is the first year of the first consecutive pair of years, or triple of years
with missing MRI information in the middle year, in which the hospitals says it has MRI
(pre-1990) or fixed MRI (post-1990). For example, a hospital that said it had MRI in
1985, 1987, and 1989, but said no in 1986 and had missing MRI data in 1988, would be
defined to have adopted in 1987.

Some hospitals offer MRI via a contract with a mobile service. These hospitals may have
indicated having MRI on the pre-1990 surveys. If so, they would have been counted as
adopting fixed MRI. One way to remove some of this measurement error is to note that
mobile services were rare before 1986 and that hospitals that adopt fixed MRI rarely
revert to using mobile services, leading to definition number four.
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4. The same as definition three, but reclassifies hospitals that adopted in 1986–1989, but
who said they had mobile MRI in at least 2 of the 3 years 1990–1992 as having had mobile
MRI the whole time. For example, a hospital that said it had MRI in 1988 and 1989 but
said it had a mobile unit in 1990 and 1991 would not be defined as adopting in 1988.

Definition four appears to have the best chance of accurately identifying the year of fixed
MRI adoption, and it is the definition used in the paper. Results using the other definitions
are generally similar, but statistically weaker in the case of definition one.

A.2. TMG MRI censuses

These surveys were designed to contact all of the sites offering MRI in the country. The
sampling frames for these surveys were developed using “snowball sample” techniques. An
initial set of sites offering MRI was identified from state licensing records, manufacturer
sales data, and other sources. These sites were contacted and asked to identify other sites
offering MRI in their area. Newly identified sites were similarly contacted, and so on until
no new sites were identified. It appears that this technique identified most if not all of the
sites providing MRI in the country. Although it is not possible to fully verify the data, they
do compare well with the AHA data where applicable. Furthermore, since virtually all sites
with fixed MRI equipment are known to state regulators and/or manufacturers, it is very
likely that all of the sites with fixed equipment were identified in the sample.

Using this frame, a survey of all identified sites was conducted. Survey questions in-
cluded whether the site used fixed or mobile equipment, whether the site was a hospital or
non-hospital site, the number of fixed magnets at the site, and the number of procedures
performed. With extensive follow up, at least some data was obtained for all of the sites
surveyed. For the questions used in the paper, item response rates are generally quite good.
Virtually, all sites reported whether they used fixed or mobile equipment, and whether they
were a hospital or a non-hospital site. Data for the few non-responders to these questions
were imputed based on previous surveys and responses to other survey questions.

Fixed sites were asked about the number of magnets they had in operation in each year.
Most, but not all, sites provided this information. On the 1995 survey, for example, 86%
indicated the number of magnets in operation. To estimate the total number of magnets in
operation throughout the United States, the number of magnets for non-responding sites was
imputed based on responses to the previous survey (for 1995 non-responders) and responses
to other survey questions. Since the vast majority of sites use one magnet, and sites using
multiple magnets are relatively well known and identifiable, imputation for non-responding
sites is not expected to bias results. I experimented with repeating the analysis of magnets
per person using just the markets in which all of the sites reported the number of magnets,
and the results were essentially unchanged.

Procedure data was also provided by most, but not all, sites. In 1995, 76% reported
procedure volume. TMG also provided imputed data that filled in procedure volume data
for sites that did not report volume on the survey. A total of 51% of the sites that did not
report 1994 procedure volume had reported 1992 volume on the 1993 survey, and missing
1994 data was filled in using 1992 data adjusted for average 1992–1994 changes in volume
for sites of the same site type (non-hospital sites, hospitals with less than 200 beds, hospitals
with 200–399 beds, and hospitals with 400 or more beds). The remaining missing 1994 cases
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were filled in using regression imputation that accounted for site-type and the number of
magnets at the site. The 1992 procedure data from the 1993 survey was handled similarly.
In analyzing procedures per person, I first used only 331 markets in which all sites reported
procedure volume. I then performed analyses using all of the markets in the sample, relying
on imputed data for sites that did not report procedure volume. Results from these two sets
of analyses were similar and so, in the interest of presenting as broad a picture as possible,
I report data from all markets in the paper.

A.3. HMO market share data

Construction of county-level estimates of HMO market share, which were aggregated to
the HCSA level for analysis, took place in three steps. First, the total enrolment and service
area, specified by county, were obtained for each HMO in the United States. The primary
source of information on HMO enrolments and service areas is the National Directory of
HMOs, published annually by the Group Health Association of America (GHAA, various
years). Each year the GHAA conducts a mail survey, with telephone follow up, of all
known HMOs in the country and, among other things, asks their total enrolment and their
service area. The results of the survey are published in the annual directories. Virtually all
of the HMOs in the directories indicated their enrolment. In cases where enrolment was not
reported, enrolment was determined by reference to subsequent directories and/or telephone
contact. Virtually, all HMOs indicated the counties that they served, although some did not
provide a clear definition of their market area in terms of counties. For these HMOs, market
areas were determined by reference to subsequent directories and/or telephone contact.

The next step was to distribute the enrolment of each HMO among the counties in its ser-
vice area. Initially, this was done by simply distributing enrolment proportionally to county
population. In addition, since HMO enrolment may be concentrated near HMO headquarters
or since HMOs may locate their headquarters in areas where their enrolment is concentrated,
estimates that incorporate both county population and distance from HMO headquarters
were constructed. The correlation between estimates produced by the two methods is ap-
proximately 0.97. Estimates that incorporate both population and distance are used here.

Once enrolments had been distributed over service areas, the total number of enrollees in
each county was computed by summing over the set of HMOs serving that county. Using the
set of county enrolment estimates, market share estimates were computed as the proportion
of the population enrolled in HMOs. These estimates were then aggregated to the HCSA
level for analysis.

To assess the quality of the estimates, I compared them to estimates from some other
sources. The correlation between 1990 and 1993 average market share aggregated to the
MSA-level and 1996 MSA-level estimates from Interstudy (1997), which have been used
by a number of other researchers and are widely viewed as reliable, is 0.71. The correlation
between the 1990 and 1993 average and estimates for 51 MSAs based on a 1996 population
survey done by the Center for Studying Health Systems Change is 0.82. Finally, the correla-
tion between the 1990–1993 average and MSA-level estimates of the percent of employees
enrolled in HMOs based on a 1993 survey of employers in 10 states done by Rand Corpo-
ration was 0.68, despite the fact that the 1990–1993 estimates are for the entire population
and the employer-survey estimates are only for employed individuals. These correlations
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are all quite high, particularly given the variations in the years of the observations and the
populations that are represented (e.g. the entire population as opposed to employees).
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