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DO DOCTORS PRACTICE DEFENSIVE MEDICINE?*

DaNIEL KESSLER AND MARK McCLELLAN

“Defensive medicine” is a potentially serious social problem: if fear of liability
drives health care providers to administer treatments that do not have worth-
while medical benefits, then the current liability system may generate inefficien-
cies much larger than the costs of compensating malpractice claimants. To obtain
direct empirical evidence on this question, we analyze the effects of malpractice
liability reforms using data on all elderly Medicare beneficiaries treated for seri-
ous heart disease in 1984, 1987, and 1990. We find that malpractice reforms that
directly reduce provider liability pressure lead to reductions of 5 to 9 percent in
medical expenditures without substantial effects on mortality or medical compli-
cations. We conclude that liability reforms can reduce defensive medical practices.

INTRODUCTION

The medical malpractice liability system has two principal
roles: providing redress to individuals who suffer negligent injur-
ies, and creating incentives for doctors to provide appropriately
careful treatment to their patients [Bell 1984]. Malpractice law
seeks to accomplish these goals by penalizing physicians whose
negligence causes an adverse patient health outcome, and using
these penalties to compensate the injured patients [Danzon
1985]. Considerable evidence indicates that the current malprac-
tice system is neither sensitive nor specific in providing compen-
sation. For example, the Harvard Medical Practice Study [1990]
found that sixteen times as many patients suffered an injury
from negligent medical care as received compensation in New
York State in 1984. In any event, the cost of compensating mal-
practice claimants is not an important source of medical expendi-
ture growth: compensation paid and the costs of administering
that compensation through the legal system account for less than
1 percent of expenditures [OTA 1993].

The effects of the malpractice system on physician behavior,
in contrast, may have much more substantial effects on health
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care costs and outcomes, even though virtually all physicians are
fully insured against the financial costs of malpractice such as
damages and legal defense expenses. Physicians may employ
costly precautionary treatments in order to avoid nonfinancial
penalties such as fear of reputational harm, decreased self-
esteem from adverse publicity, and the time and unpleasantness
of defending a claim [Charles, Pyskoty, and Nelson 1988; Weiler
et al. 1993].

On the one hand, these penalties for malpractice may deter
doctors and other providers from putting patients at excessive
risk of adverse health outcomes. On the other hand, these penal-
ties may also drive physicians to be too careful—to administer
precautionary treatments with minimal expected medical benefit
out of fear of legal liability—and thus to practice “defensive medi-
cine.” Many physicians and policy-makers have argued that the
incentive costs of the malpractice system, due to extra tests and
procedures ordered in response to the perceived threat of a medi-
cal malpractice claim, may account for a substantial portion of
the explosive growth in health care costs [Reynolds, Rizzo, and
Gonzalez 1987; OTA 1993, 1994]. The practice of defensive medi-
cine may even have adverse effects on patient health outcomes,
if liability induces providers either to administer harmful treat-
ments or to forgo risky but beneficial ones. For these reasons,
defensive medicine is a crucial policy concern [Sloan, Mergen-
hagen, and Bovbjerg 1989].

Despite this policy importance, there is virtually no direct
evidence on the existence and magnitude of defensive medical
practices. Such evidence is essential for determining appropriate
tort liability policy. In this paper we seek to provide such direct
evidence on the prevalence of defensive medicine by examining
the link between medical malpractice tort law, treatment inten-
sity, and patient outcomes. We use longitudinal data on all el-
derly Medicare recipients hospitalized for treatment of a new
heart attack (acute myocardial infarction, or AMI) or of new isch-
emic heart disease (IHD) in 1984, 1987, and 1990, matched with
information on tort laws from the state in which the patient was
treated. We study the effect of tort law reforms on total hospital
expenditures on the patient in the year after AMI or THD to mea-
sure intensity of treatment. We also model the effect of tort law
reforms on important patient outcomes. We estimate the effect of
reforms on a serious adverse outcome that is common in our
study population: mortality within one year of occurrence of the
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cardiac illness. We also estimate the effect of tort reforms on two
other common adverse outcomes related to a patient’s quality of
life: whether the patient experienced a subsequent AMI or heart
failure requiring hospitalization in the year following the initial
illness.

To the extent that reductions in medical malpractice tort lia-
bility lead to reductions in intensity but not with increases in
adverse health outcomes, medical care for these health problems
is defensive; that is, doctors supply a socially excessive level of
care due to malpractice liability pressures. Put another way, tort
reforms that reduce liability also reduce inefficiency in the medi-
cal care delivery system to the extent that they reduce health
expenditures which do not provide commensurate benefits. We
assess the magnitude of defensive treatment behavior by calcu-
lating the cost of an additional year of life or an additional year
of cardiac health achieved through treatment intensity induced
by specific aspects of the liability system. If liability-induced pre-
caution results in low expenditures per year of life saved relative
to generally accepted costs per year of life saved of other medical
treatments, then the existing liability system provides incentives
for efficient care. But if liability-induced precaution results in
high expenditures per year of life saved, then the liability system
provides incentives for socially excessive care. Because the preci-
sion with which we measure the consequences of reforms is criti-
cal, we include all U. S. elderly patients with heart diseases in
1984, 1987, and 1990 in our analysis.

Section I of the paper discusses the theoretical ambiguity of
the impact of the current liability system on efficiency in health
care. For this reason, liability policy should be guided by empiri-
cal evidence on its consequences for “due care” in medical prac-
tice. Section II reviews the previous empirical literature. Al-
though the existing evidence on the effectiveness of alternative
liability rules has provided considerable insights, direct evidence
on the crucial effects of the tort system on physician behavior is
virtually nonexistent. Section III presents our econometric mod-
els of the effects of liability rules on treatment decisions, costs,
and patient outcomes, and formally describes the test for defen-
sive medicine used in the paper. We identify liability effects by
comparing trends in treatment choice, costs, and outcomes in
states adopting various liability reforms to trends in those that
did not. We also review a number of approaches to enriching the
model, assisting in the evaluation of its statistical validity and
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providing further insights into the tort reform effects. Section IV
discusses the details of our data, and motivates our analysis of
elderly Medicare beneficiaries for purposes of assessing the costs
of defensive medicine. Section V presents the empirical results.
Section VI discusses implications for policy, and Section VII
concludes.

I. MALPRACTICE LIABILITY AND EFFICIENT PRECAUTION
IN HEALTH CARE

In general, malpractice claims are adjudicated in state courts
according to state laws. These laws require three elements for a
successful claim. First, the claimant must show that the patient
actually suffered an adverse event. Second, a successful malprac-
tice claimant must establish that the provider caused the event:
the claimant must attribute the injury to the action or inaction
of the provider, as opposed to nature. Third, a successful claimant
must show that the provider was negligent. Stated simply, this
entails showing that the provider took less care than that which
is customarily practiced by the average member of the profession
in good standing, given the circumstances of the doctor and the
patient [Keeton et al. 1984]. Collectively, this three-part test of
the validity of a malpractice claim is known as the “negligence
rule.”

In addition to patient compensation, the principal role of the
liability system is to induce doctors to take the optimal level of
precaution against patient injury. However, a negligence rule
may lead doctors to take socially insufficient precaution, such
that the marginal social benefit of precaution would be greater
than the marginal social cost. Or, it may lead doctors to take so-
cially excessive precaution, that is, to practice defensive medi-
cine, such that the marginal social benefit of precaution would be
less than the marginal social cost [Farber and White 1991]. The
negligence rule may not generate socially optimal behavior in
health care because the private incentives for precaution facing
doctors and patients differ from the social incentives. First, the
costs of accidents borne by the physician differ from the social
costs of accidents. Because malpractice insurance is not strongly
experience rated [Sloan 1990], physicians bear little of the costs
of patient injuries from malpractice. However, physicians bear
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significant uninsured expenses in response to a malpractice
claim, such as the value of time and emotional energy spent on
legal defense [OTA 1993, p. 7]. Second, patients and physicians
bear little of the costs of medical care associated with physician
precaution in any particular case because most health care is fi-
nanced through health insurance. Generally, insured expenses
for drugs, diagnostic tests, and other services performed for pre-
cautionary purposes are much larger than the uninsured cost of
the physician’s own effort. Third, physicians bear substantial
costs of accidents only when patients file claims, and patients
may not file a malpractice claim in response to every negligent
medical injury [Harvard Medical Practice Study 1990].

The direction and extent of the divergence between the pri-
vately and socially optimal levels of precaution depends in part
on states’ legal environments. Although the basic framework of
the negligence rule applies to most medical malpractice claims in
the United States, individual states have modified their tort law
to either expand or limit malpractice liability along various di-
mensions over the past 30 years. For example, several states
have imposed caps on malpractice damages such that recoverable
losses are limited to a fixed dollar amount, such as $250,000.
These modifications to the basic negligence rule can affect both
the costs to physicians and the benefit to patients from a given
malpractice claim or lawsuit, and thereby also affect the fre-
quency and average settlement amount (“severity”) of claims. We
use the term malpractice pressure to describe the extent to which
a state’s legal environment provides high benefits to plaintiffs or
high costs to physicians or both. (Malpractice pressure can be
multidimensional.)

If the legal environment creates little malpractice pressure
and externalized costs of medical treatment are small, then the
privately optimal care choice may be below the social optimum.
In this case, low benefits from filing malpractice claims and law-
suits reduce nonpecuniary costs of accidents for physicians, who
may then take less care than the low cost of diagnostic tests, for
example, would warrant. However, if the legal environment cre-
ates substantial malpractice pressure and externalized costs of
treatment are large, then the privately optimal care choice may
be above the social optimum: privately chosen care decisions will
be defensive. For example, increasing technological intensity
(with a reduced share of physician effort costs relative to total
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medical care costs) and increasing generosity of tort compensa-
tion of medical injury would lead to relatively more defensive
medical practice.

Incentives to practice defensively may be intensified if judges
and juries impose liability with error. For example, the fact that
health care providers’ precautionary behavior may be ex post dif-
ficult to verify may give them the incentive to take too much care
[Cooter and Ulen 1986; Craswell and Calfee 1986]. Excessive care
results from the all-or-nothing nature of the liability decision:
small increases in precaution above the optimal level may result
in large decreases in expected liability.

Because privately optimal behavior under the basic negli-
gence rule may result in medical treatment that has marginal
social benefits either greater or less than the marginal social
costs, the level of malpractice pressure that provides appropriate
incentives is an empirical question. In theory, marginal changes
to the negligence rule can either improve or reduce efficiency, de-
pending on their effects on precautionary behavior, total health
care costs, and adverse health outcomes. Previous studies have
analyzed effects of legal reforms on measures of malpractice pres-
sure, such as the level of compensation paid malpractice
claimants. To address the potentially much larger behavioral con-
sequences of malpractice pressure, we study the impact of
changes in the legal environment on health care expenditures to
measure the marginal social cost of treatment induced by the lia-
bility system, and the impact of law changes on adverse health
events to measure the marginal social benefit of law-induced
treatment. As a result, we can provide direct evidence on the effi-
ciency of a baseline malpractice system and, if it is inefficient,
identify efficiency-improving reforms.

II. PrEvious EMPIRICAL LITERATURE

The previous empirical literature is consistent with the hy-
pothesis that providers practice defensive medicine, although it
does not provide direct evidence on the existence or magnitude of
the problem. One arm of the literature uses surveys of physicians
to assess whether doctors practice defensive medicine [Reynolds,
Rizzo, and Gonzalez 1987; Moser and Musaccio 1991; OTA 1994].
Such physician surveys measure the cost of defensive medicine
only through further untestable assumptions about the relation-
ship between survey responses, actual treatment behavior, and
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patient outcomes. Although surveys indicate that doctors believe
that they practice defensively, surveys only provide information
about what treatments doctors say that they would administer in
a hypothetical situation: they do not measure behavior in real
situations.

Another body of work uses clinical studies of the effective-
ness of intensive treatment [Leveno et al. 1986; Shy et al. 1990].
These studies find that certain intensive treatments which are
generally thought to be used defensively have an insignificant im-
pact on health outcomes. Similarly, clinical evaluations of mal-
practice control policies at specific hospitals have found that
intensive treatments thought to serve a defensive purpose are
“overused” by physicians [Masters et al. 1987]. However, this
work does not directly answer the policy question of interest: does
intensive treatment administered out of fear of malpractice
claims have any effect on patient outcomes? Few medical techno-
logies in general use have been shown to be ineffective in all ap-
plications, and the average effect of a procedure in a population
may be quite different from its effect at the margin in, for ex-
ample, the additional patients who receive it because of more
stringent liability rules [McClellan 1995]. Evaluating malprac-
tice liability reforms requires evidence on the effectiveness of in-
tensive treatment in the “marginal” patients.

A third, well-developed arm of the literature estimates the
effects of changes in the legal environment on measures of the
compensation paid and the frequency of malpractice claims. Dan-
zon [1982, 1986] and Sloan, Mergenhagen, and Bovbjerg [1989]
find that tort reforms that cap physicians’ liability at some maxi-
mum level or require awards in malpractice cases to be offset by
the amount of compensation received by patients from collateral
sources! reduce payments per claim.2 Danzon [1986] also finds

1. Reforms requiring collateral-source offset revoke the common-law default
rule which states that the defendant must bear the full cost of the injury suffered
by the plaintiff, even if the plaintiff were compensated for all or part of the cost
by an independent or “collateral” source. Under the common-law default rule,
defendants liable for medical malpractice always bear the cost of treating a pa-
tient for medical injuries resulting from the malpractice, even if the treatment
were financed by the patient’s own health insurance. Either the plaintiff enjoys
double recovery (the plaintiff recovers from the defendant and his own health
insurance for medical expenses attributable to the injury) or the defendant reim-
burses the plaintiff’s (subrogee) health insurer, depending on the plaintiff’s insur-
ance contract and state or federal law. However, some states have enacted reforms
that specify that total damages payable in a malpractice tort are to be reduced by
all or part of the value of collateral source payments.

2. Estimates of the impact of reforms on claim severity vary over time and
across studies. Based on 1975-1978 data, Danzon [1982, p. 30] reports that states
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that collateral-source-rule reforms and statute-of-limitations re-
ductions reduce claim frequency. Based on data from malpractice
insurance markets, Zuckerman, Bovbjerg, and Sloan [1990] and
Barker [1992] reach similar conclusions: Zuckerman, Bovbjerg,
and Sloan find that caps on damages and statute-of-limitations
reductions reduce malpractice premiums, and Barker finds that
caps on damages increase profitability.

Despite significant variety in data and methods, this litera-
ture contains an important unified message about the types of
legal reforms that affect physicians’ incentives. The two reforms
most commonly found to reduce payments to and the frequency
of claims, caps on damages and collateral-source-rule reforms,
share a common property: they directly reduce expected malprac-
tice awards. Caps on damages truncate the distribution of
awards; mandatory collateral-source offsets shift down its mean.
Other malpractice reforms that only affect malpractice awards
indirectly, such as reforms imposing mandatory periodic pay-
ments (which require damages in certain cases to be disbursed
in the form of an annuity that pays out over time) or statute-
of-limitations reductions, have had a less discernible impact on
liability and hence on malpractice pressure.

However, estimates of the impact of reforms on frequency
and severity from these analyses are only the first step toward
answering the policy question of interest: do doctors practice de-
fensive medicine? Taken alone, they only provide evidence of
the effects of legal reforms on doctors’ incentives; they do not pro-
vide evidence of the effects of legal reforms on doctors’ behavior.
Identifying the existence of defensive treatment practices and
the extent of inefficient precaution due to legal liability re-
quires a comparison of the response of costs of precaution and
the response of losses from adverse events to changes in the
legal environment. :

A number of studies have sought to investigate physicians’
behavioral response to malpractice pressure. These studies gen-
erally have analyzed the costs of defensive medicine by relating
physicians’ actual exposure to malpractice claims to clinical prac-

enacting caps on damages had 19 percent lower awards, and states enacting man-
datory collateral source offsets had 50 percent lower awards. Based on 1975-1984
data, Danzon [1986, p. 26] reports that states enacting caps had 23 percent lower
awards, and states enacting collateral source offsets had 11 to 18 percent lower
awards. Based on 1975-1978 and 1984 data, Sloan, Mergenhagen, and Bovbjerg
[1989] find that caps reduced awards by 38 to 39 percent, and collateral-source
offsets reduced awards by 21 percent.
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tices and patient outcomes [Rock 1988; Harvard Medical Practice
Study 1990; Localio et al. 1993; Baldwin et al. 1995]. Rock, Lo-
calio et al., and the Harvard Medical Practice Study find results
consistent with defensive medicine; Baldwin et al. do not. How-
ever, concerns about unobserved heterogeneity across providers
and across small geographic areas qualify the results of all of
these studies. The studies used frequency of claims or magnitude
of insurance premiums at the level of individual doctors, hospi-
tals, or areas within a single state over a limited time period to
measure malpractice pressure. Because malpractice laws within
a state at a given time are constant, the measures of malpractice
pressure used in these studies arose not from laws but from pri-
marily unobserved factors at the level of individual providers or
small areas, creating a potentially serious problem of selection
bias. For example, the claims frequency or insurance premiums
of a particular provider or area may be relatively high because
the provider is relatively low quality, because the patients are
particularly sick (and hence prone to adverse outcomes), because
the patients had more “taste” for medical interventions (and
hence are more likely to disagree with their provider about man-
agement decisions), or because of many other factors. The sources
of the variation in legal environment are unclear and probably
multifactorial. All of these factors are extremely difficult to cap-
ture fully in observational data sets and could lead to an appar-
ent but noncausal association between measured malpractice
pressure and treatment decisions or outcomes.

Thus, while previous analyses have provided a range of in-
sights about the malpractice liability system, they have not pro-
vided direct empirical evidence on how malpractice reforms
would actually affect physician behavior, medical costs, and
health outcomes.

III. EcCONOMETRIC MODELS

Our statistical methods seek to measure the effects of
changes in an identifiable source of variation in malpractice pres-
sure influencing medical decision making—state tort laws—that
is not related to unobserved heterogeneity across patients and
providers. We compare time trends across reforming and nonre-
forming states during a seven-year period in inpatient hospital
expenditures, and in outcome measures including all-cause car-
diac mortality as well as the occurrence of cardiac complications
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directly related to quality of life. We model average expenditures
and outcomes as essentially nonparametric functions of patient
demographic characteristics, state legal and political characteris-
tics, and state- and time-fixed effects. We model the effects of
state tort law changes as differences in time trends before and
after the tort law changes. We test for the existence and magni-
tude of defensive medicine based on the relationship of the law-
change effects on medical expenditures and health outcomes.

While this strategy fundamentally involves differences-in-
differences between reforming and nonreforming states to iden-
tify effects, we modify conventional differences-in-differences es-
timation strategies in several ways. First, as noted above, our
models include few restrictive parametric or distributional as-
sumptions about functional forms for expenditures or health out-
comes. Second, we do not only model reforms as simple one-time
shifts. Malpractice reforms might have more complex, longer
term effects on medical practices for a number of reasons. Law
changes may not have instantaneous effects because it may take
time for lawyers, physicians, and patients to learn about their
consequences for liability, and then to reestablish equilibrium
practices. Law changes may affect not only the static climate of
medical decision making, but also the climate for further medical
interventions by reducing pressure for technological intensity
growth. Thus, the long-term consequences of reforms may be dif-
ferent from their short-term effects. By using a panel data set
including a seven-year panel, our modeling framework permits
a more robust analysis of differences in time trends before and
after adoption.

We use a panel-data framework with observations on succes-
sive cohorts of heart disease patients for estimating the pre-

valence of defensive medicine. In state s=1, ... , S during
year t = 1, ..., T, our observational units consist of individual
I=1,...,N, who are hospitalized with new occurrences of par-

ticular illnesses such as a heart attack. Each patient has observ-
able characteristics X, ,, which we describe as a fully interacted
set of binary variables, as well as many unobservable characteris-
tics that also influence both treatment decisions and outcomes.
The individual receives treatment of aggregate intensity R,,,
where R denotes total hospital expenditures in the year after the
health event. The patient has a health outcome O,,, possibly af-
fected by the intensity of treatment received, where a higher
value denotes a more adverse outcome (O is binary in our
models).
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We define state tort systems in effect at the time of each indi-
vidual’s health event based on the existence of two categories of
reforms from a maximum-liability regime: direct and indirect
malpractice reforms. Previous studies, summarized in Section II,
found differences between these types of reforms on claims be-
havior and malpractice insurance premiums (Section IV below
discusses our reform classification in detail). We denote the exis-
tence of direct reforms in state s at time ¢ using two binary vari-
ables L__: L,, = 1 if state s has adopted a direct reform at time
t, and L,,, = 1 if state s has adopted an indirect reform at time ¢.
L,=I[L,, L,,]is thus a two-dimensional binary vector describing
the existence of malpractice reforms.

We first estimate linear models of average expenditure and
outcome effects using these individual-level variables. The expen-
diture models are of the form,

(1) Rist = et + as + &stB + Wst‘y + Lstd)m + vist’

where 6, is a time-fixed effect, o, is a state-fixed effect, W, is a
vector of variables described below which summarize the legal-
political environment of the state over time, B and +y are vectors of
the corresponding average-effect estimates for the demographic
controls and additional state-time controls, &, is the two-
dimensional average effect of malpractice reforms on growth rate,
and v, is a mean-zero independently distributed error term with
Ew,,|X,, L, W,) = 0. Because legal reforms may affect both the
level and the growth rate of expenditures, we estimate different
baseline time trends 6, for states adopting reforms before 1985
(which were generally adopted before 1980) and nonadopting
states. Our data set includes essentially all elderly patients hos-
pitalized with the heart diseases of interest for the years of our
study, so that our results describe the actual average differences
in trends associated with malpractice reforms in the U. S. elderly
population. We report standard errors for inferences about aver-
age differences that might arise in potential populations (e.g., el-
derly patients with these health problems in other years). Our
model assumes that patients grouped at the level of state and
time have similar distributions of unobservable characteristics
that influence medical treatments and health outcomes. Assum-
ing that malpractice laws affect malpractice pressure, but do not
directly affect patient expenditures or outcomes, then the coeffi-
cients ¢ identify the average effects of changes in malpractice
pressure resulting from malpractice reforms.

To distinguish short-term and long-term effects of legal re-
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forms, we estimated less restrictive models of the average effects
of legal reforms that utilize the long duration of our panel. These
“dynamic” models estimate separate growth rate effects &,
based on time-since-adoption:

(2) Rist = et + o + X B + Wst’y + Lstdstd)md + Vists

ist
where we include separate short-term average effects ¢,, and
long-term average effects ¢, ,. We estimate the short-term effect
of the law (within two years of adoption) &,,, by setting d_,, = 1
for 1985-1987 adopters in 1987 and 1988-1990 adopters in 1990,
and we estimate the long-term effect (three to five years since
adoption) ,,, by setting d_,, = 1 for 1985-1987 adopters in 1990.
The estimated average effects ¢,,, in these models form the
basis for tests of the effects of malpractice reforms on health care
expenditures and outcomes, and thus for tests of the existence
and magnitude of defensive medicine. In all of these models,
there is evidence of defensive medicine if, for direct or indirect
reforms m, ¢,,, < 0 in our models of medical expenditures and
¢, = 0 in our models of health outcomes. In other words, if a
state law reform is associated with a reduction in the growth rate
of medical expenditures and does not adversely affect the growth
rate of adverse health outcomes through its impact on treatment
decisions, then malpractice pressure is too high from the perspec-
tive of social welfare, and defensive medicine exists. More gener-
ally, defensive medicine exists if the effect of malpractice reforms
on expenditures is “large” relative to the effect on health out-
comes. Thus, in the results that follow, we test both whether ex-
penditure and outcome effects of reforms differ substantially
from zero, as well as the ratio of expenditure to outcome effects.
The power of the test for defensive medicine depends on the
statistical precision of the estimated effects of law reforms on out-
comes. Consequently, we evaluate the confidence intervals sur-
rounding our estimates of outcome efforts carefully.® It is not
feasible to collect information on all health outcomes that may
matter to some degree to individual patients. Instead, our tests
focus on important health outcomes, including mortality and sig-
nificant cardiac complications, which are reliably observed in our
study population. Because the cardiac complications we consider
reflect the two principal ways in which poorly treated heart dis-
ease would affect quality of life (e.g., through further heart at-

3. Again, because all elderly patients with serious heart disease during the
years of our study are included, this consideration applies only to extending the
results to other patient populations.
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tacks or through impaired cardiac function), estimates of effects
on these health outcomes along with mortality would presumably
capture any important health consequences of malpractice
reforms.

We estimated additional specifications of our models to test
whether reform adoption is not in fact correlated with unob-
served trends in malpractice pressures or patient characteristics
across the state-time groups. One set of specification tests was
based on the inclusion of random effects for state-time interac-
tions. To account for any geographically correlated variations in
costs or expenditures over time, we included Huber-White [1980]
standard error corrections for zip code-time error correlations. We
also tested whether our estimated standard errors were sensitive
to Huber-White corrections for state-time error correlations.*

Another set of specification tests involved evaluating a range
of variables W,, summarizing the political and regulatory envi-
ronment in each state at each point in time, to test whether vari-
ous factors that might influence reform adoption influence our
estimates of reform effects on either expenditure or health out-
comes. Since the main cause of the tort reforms that are the focus
of our study was nationwide crisis in all lines of commercial casu-
alty insurance, it is unlikely that endogeneity of reforms is a seri-
ous problem [Priest 1987; Rabin 1988]. However, Campbell,
Kessler, and Shepherd [1996] show that the concentration of phy-
sicians and lawyers in a state and measures of states’ political
environment are correlated with liability reforms, and Danzon
[1982] shows that the concentration of lawyers in a state is corre-
lated with both the compensation paid to malpractice claims and
the enactment of reforms.5 Consequently, we control for the politi-
cal party of each state’s governor, the majority political party of
each house of each state’s legislature, and lawyers per capita in
all of the regressions, and we tested the sensitivity of our results
to these controls.®

A third set of specification tests relied on other tort reforms

4. Of course, if such state-time specific effects exist, there is no reason to
expect that they would be normally distributed. Normality assumptions in error
structures generally have not performed well in models of health expenditures
and outcomes. However, incorporating such random effects permits us to explore
the robustness of our estimation methods to possible state-time specific shifts.

5. According to Danzon [1982, 1986], urbanization is a highly significant de-
terminant both of claim payments to and the frequency of claims and of the enact-
ment of tort reforms. We control for urbanization at the individual level, as
discussed below.

6. Although we did not include controls for the number of physicians per
capita in the reported results because of concerns regarding the exogeneity of
that variable, results conditional on physician density are virtually identical. We
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enacted in the 1980s which should have had a minimal impact
on malpractice liability cases in the elderly during the time frame
of our study. However, these reforms might be correlated with
relevant malpractice reforms if, for example, general concerns
about liability pressures in all industries led to broad legal re-
forms. If such reforms were correlated with included reforms,
then our estimates might overstate the impact of the malpractice
law reforms that we analyze.

Along these lines, we investigate the validity of our assump-
tion of no omitted variable bias by estimating the impact of re-
forms to states’ statutes of limitations. Statutes of limitations are
most relevant in situations involving latent injuries. Malpractice
arising out of AMI in the elderly would involve an injury of which
the adverse consequences would appear before any statute of lim-
itations would exclude an injured patient. Nonetheless, statutes
of limitations are the potentially most important reform not in-
cluded in our study (23 states shortened their statutes of limita-
tions between 1985 and 1990, and Danzon [1986] finds that
shorter statutes of limitations reduced claims frequency). If our
models are correctly specified, then statute-of-limitations reforms
should have no effect on the treatment intensity and outcome de-
cisions that we analyze. If omitted variable bias is a problem,
however, statute-of-limitations reforms may show a significant
estimated effect.

Finally, because all of our specifications control for fixed dif-
ferences across states, they do not allow us to estimate differ-
ences in the baseline levels of intensive treatment and adverse
health outcomes. Thus, we also estimate additional versions of
all of our models with region effects only, to explore baseline dif-
ferences in treatment rates, costs, and outcomes across legal
regimes.

IV. Data

The data used in our analysis come from two principal
sources.” Our information on the characteristics, expenditures,

include both a current- and a one-year-lagged effect to account for the possibility
that past political environments influence current law.

7. Data on lawyers per capita for 1980, 1985, and 1988 are from the American
Bar Foundation [1985, 1991]. Intervening years are calculated by linear interpo-
lation. Data on state political environments are from the Council of State Govern-
ments [1984-1990].
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and outcomes for elderly Medicare beneficiaries with heart dis-
ease are derived from comprehensive longitudinal claims data for
the vast majority of elderly Medicare beneficiaries who were ad-
mitted to a hospital with a new primary diagnosis (no admission
with either health problem in the preceding year) of either acute
myocardial infarction (AMI) or ischemic heart disease (IHD) in
1984, 1987, and 1990. Data on patient demographic characteris-
tics were obtained from the Health Care Financing Administra-
tion HISKEW enrollment files, with death dates based on death
reports validated by the Social Security Administration. Mea-
sures of total one-year hospital expenditures were obtained by
adding up all reimbursement to acute-care hospitals (including
copayments and deductibles not paid by Medicare) from insur-
ance claims for all hospitalizations in the year following each
patient’s initial admission for AMI or IHD. Measures of the occur-
rence of cardiac complications were obtained by abstracting data
on the principal diagnosis for all subsequent admissions (not
counting transfers) in the year following the patient’s initial ad-
mission. Cardiac complications included rehospitalizations
within one year of the initial event with a primary diagnosis
(principal cause of hospitalization) of either subsequent AMI or
heart failure. Treatment of IHD and AMI patients is intended to
prevent subsequent AMIs if possible, and the occurrence of heart
failure requiring hospitalization is evidence that the damage to
the patient’s heart from ischemic disease has serious functional
consequences. The programming rules used in the data set cre-
ation process and sample exclusion criteria were virtually identi-
cal to those reported in McClellan and Newhouse [1995, 1996].
We analyze cardiac disease patients because the choice of a
particular set of diagnoses permits detailed exploration of the
health and treatment consequences of policy reforms. Cardiac
disease and its complications are the leading cause of medical
expenditures and mortality in the United States. A majority of
AMIs and IHD hospitalizations occurs in the elderly, and both
mortality and subsequent cardiac complications are relatively
common occurrences in this population. Thus, this condition pro-
vides both a relatively homogeneous set of patients and outcomes
(to analyze the presence of defensive medicine with reasonable
clinical detail), and medical expenditures are large enough and
the relevant adverse outcomes common enough that the test for
defensive medicine can be a precise one. Furthermore, because
AMI is essentially a severer form of the same underlying illness
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as is IHD, we can assess whether reforms affect more or less se-
vere cases of a health problem differently by comparing AMI with
THD patients.

In addition, cardiovascular illness is likely to be sensitive to
defensive medical practices. In a ranking of illnesses by the fre-
quency of and payments to the malpractice claims that they gen-
erate, AMI is the third most prevalent and costly, behind only
malignant breast cancer and brain-damaged infants [PIAA 1993].
AMI is also distinctive because of the severity of medical injury
associated with malpractice claims: conditional on a claim, pa-
tients with AMI suffer injury that rates 8.2 on the National As-
sociation of Insurance Commissioners nine-point severity scale,
the second-highest severity rating of any malpractice-claim-
generating health problem [PIAA]. Cardiovascular illnesses and
associated procedures also include 7 of the 40 most prevalent and
costly malpractice-claim-generating health problems [PIAA].

We focus on elderly patients in part because no comparable
longitudinal microdata exist for nonelderly U. S. patient popula-
tions. However, there are other advantages to concentrating on
this population. Several studies have documented that claims
rates are lower in the elderly than in the nonelderly population,
presumably because losses from severe injuries would be smaller
given the patients’ shorter expected survival [Weiler et al. 1993].
This hypothesis suggests that physicians are least likely to prac-
tice defensively for elderly patients. Thus, treatment decisions
and expenditures in this population would be the least sensitive
to legal reforms. Similarly, relatively low baseline incentives for
defensive practices and the relatively high frequency of adverse
outcomes in the elderly imply that this population can provide
the most sensitive tests for adverse health effects of reforms.
These considerations suggest that analysis of elderly patients
provides a lower bound on the costs of defensive medicine. In any
event, trends in practice patterns over time have been similar for
elderly and nonelderly patients (e.g., intensity of treatment has
increased dramatically and survival rates have improved for both
groups [National Center for Health Statistics 1994]). Thus, we
would expect the findings for this population to be qualitatively
similar to results for the nonelderly, if such a longitudinal empiri-
cal analysis were possible.

Table I describes the elderly population with AMI and THD
from the years of our study. Between 1984 and 1990 the elderly
AMI population aged slightly, and the share of males in the IHD
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TABLE I
AVERAGE HEALTH CARE COsTS, OUTCOMES, AND DEMOGRAPHIC CHARACTERISTICS
FOR AMI anD IHD PopuLATION

AMI population
1984 1987 1990
1-year mortality 39.9 38.8 35.4
1-year AMI readmit 10.9 11.4 14.6
1-year heart failure readmit 9.6 10.1 11.0
1-year total hospital expenditures $10,881 $11,996 $13,140
Mean age 75.6 75.9 76.1
(standard deviation) (7.0) (7.2) (7.3)
Female 48.5 49.6 49.6
Black 5.1 5.4 5.5
Rural 29.4 30.3 30.3
Sample size 232,768 227,360 220,550
ITHD population

1984 1987 1990
1-year mortality 13.5 11.6 10.6
1-year AMI readmit 5.5 4.7 4.3
1-year heart failure readmit 7.8 6.9 7.7
1-year total hospital expenditures $10,638 $11,187 $12,515
Mean age 74.6 74.3 74.3
(standard deviation) (6.9) (6.8) (6.8)
Female 55.2 53.4 51.4
Black 5.7 5.7 5.8
Rural 30.6 30.4 29.7
Sample size 356,717 372,871 381,222

Hospital Expenditures in 1991 Dollars. Outcome measures and demographic characteristics except age
in percentage points.

population increased slightly, but the characteristics of AMI and
IHD patients were otherwise relatively stable. The number of
AMI patients in an annual cohort declined slightly (from 233,000
to 221,000), while the number of IHD patients increased (from
357,000 to 423,000). Changes in real hospital expenditures in the
year following the AMI or IHD event were dramatic. For example,
one-year average hospital expenditures for AMI patients rose
from $10,880 in 1984 to $13,140 in 1990 (in constant 1991 dol-
lars), a real growth rate of around 4 percent per year. These ex-
penditure trends are primarily attributable to changes in
intensity. Because of Medicare’s “prospective” hospital payment
system, reimbursement given treatment choice for Medicare pa-
tients actually declined during this period. This growth in expen-
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ditures and treatment intensity was associated with significant
mortality reductions, from 39.9 percent to 35.3 percent for AMI
patients (with the bulk of the reduction coming after 1987) and
from 13.5 percent to 10.8 percent for IHD patients (with the bulk
coming before 1987). However, the AMI survival improvements—
but not the IHD improvements—were associated with corre-
sponding increases in recurrent AMIs and in heart failure compli-
cations. This underscores that the role of changes in intensity
versus other factors—as well as any role of changes in liability—
is difficult to identify directly in all of these trends.

Second, building on prior efforts to collect information on
state malpractice laws (e.g., Sloan, Mergenhagen, and Bovbjerg
[1989]), we have compiled a comprehensive database on reforms
to state liability laws and state malpractice-control policies that
contain information on several types of legal reforms from 1969
to 1992.% The legal regime indicator variables are defined such
that the level of liability imposed on defendants in the baseline
is at a hypothetical maximum.?

Eight characteristics of state malpractice law, representing
divergences from the baseline legal regime, are summarized in
Table ITIA. We divide these eight reforms into two groups of four
reforms each: reforms that directly reduce malpractice awards
and reforms that only reduce awards indirectly. “Direct” reforms
include reforms that truncate the upper tail of the distribution of
awards, such as caps on damages and the abolition of punitive
damages, and reforms that shift down the mean of the distribu-
tion, such as collateral-source-rule reform and abolition of man-
datory prejudgment interest. “Indirect” reforms include other
reforms that have been hypothesized to reduce malpractice pres-
sure but only affect awards indirectly, for instance, through re-
stricting the range of contracts that can be enforced between
plaintiffs and contingency-fee attorneys. As discussed in Section
IT above, we chose this division because the previous empirical
literature generally found the impact of direct reforms to be
larger than the impact of indirect reforms on physicians’ incen-
tives through their effect on the compensation paid and the fre-
quency of malpractice claims. Each of the observations in the
Medicare data set was matched with a set of two tort law vari-

[ 8. Our data set is partially derived from Campbell, Kessler, and Shepherd
1996].

9. The baseline is defined as the “negligence rule” without any of the liability-
reducing reforms studied here and with mandatory prejudgment interest.



TABLE ITA

LEGAL REFORMS USED IN ANALYSIS

Reform

Description of reform

Predicted impact on liability

Caps on damage
awards

Abolition of punitive
damages

No mandatory
prejudgment interest

Collateral-source rule
reform

Caps on contingency
fees

Mandatory periodic
payments

Either noneconomic
(pain and suffering)
or total damages
payable are capped
at a statutorily
specified dollar
amount

Medical malpractice
defendants are not
liable for punitive
damages under any
circumstances

Interest on either
noneconomic or total
damages accruing
from either the date
of the injury or the
date of filing of the
lawsuit is not
mandatory

Total damages
payable in a
malpractice tort are
statutorily reduced
by all or part of the
dollar value of
collateral-source
payments to the
plaintiff

The proportion of an
award that a
plaintiff can
contractually agree
to pay a contingency-
fee attorney is
capped at a
statutorily specified
level

Part or all of
damages must be
disbursed in the form
of an annuity that
pays out over time

Direct

Direct

Direct

Direct

Indirect

Indirect
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TABLE ITA

(CONTINUED)
Reform Description of reform Predicted impact on liability
Joint-and-several Joint-and-several Indirect
liability reform liability is abolished

for noneconomic or
total damages, either
for all claims or for
claims in which
defendants did not
act in concert

Patient compensation Doctors receive Indirect
fund government-

administered excess

malpractice liability

insurance, generally

financed through a

tax on malpractice

insurance premiums

ables that indicated the presence or absence of direct or indirect
malpractice reforms at the time of their initial hospitalization.

Table IIB contains the effective dates for the adoption of di-
rect and indirect reforms for each of the 50 states. The table
shows that a number of states have implemented legal reforms at
different times. For example, 13 states never adopted any direct
reforms, 23 states adopted direct reforms between 1985 and 1990,
and 18 states adopted direct reforms 1984 or earlier (adoptions
plus nonadoptions exceed 50 because some states adopted both
before and after 1985). Similarly, 16 states never adopted any
indirect reforms, 23 states adopted indirect reforms between
1985 and 1990, and 18 states adopted indirect reforms 1984 or
earlier. Adoption of direct and indirect reforms is not strongly re-
lated: sixteen states that never adopted reforms of one type have
adopted reforms of the other.

V. EmpIRICAL RESULTS

Table III previews our basic difference-in-difference (DD)
analysis by reporting unadjusted conditional means for expendi-
tures and mortality for four patient groups, based on the timing
of malpractice reforms. Expenditure levels in 1984 (our base
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year) were slightly higher in states passing reforms between
1985-1987 and lower in states passing reforms between 1988—
1990. Baseline mortality rates were slightly lower for AMI and
higher for THD in the 1985-1987 reform states, and conversely
for the 1988-1990 reform states. Thus, overall, reform states
looked very similar to nonreform states in terms of baseline ex-
penditures and outcomes. States with earlier reforms (pre-1985)
had slightly higher base year expenditures but similar base year
mortality rates. The table shows that expenditure growth in re-
form states was smaller than in nonreform states during the
study years. Altogether, growth was 2 to 6 percent slower in the
reform compared with the nonreform states for AMI, and trend
differences were slightly greater for IHD. Although mortality
trends differed somewhat across the state groups, mortality
trends on average were quite similar for reform and nonreform
states. These simple comparisons do not account for any differ-
ences in trends in patient characteristics across the state groups,
do not account for any effects of other correlated reforms, and do
not readily permit analysis of dynamic malpractice reform ef-
fects. Nonetheless, they anticipate the principal estimation re-
sults that follow.

Table IV presents standard DD estimates of the effects of tort
reforms between 1985 and 1990 on average expenditures and out-
comes for AMI; that is, no dynamic reform effects are included.
In this and subsequent models, we include fully interacted demo-
graphic effects—for patient age (6569, 70-74, 75-79, 80-89, 90—
99), gender, black or nonblack race, and urban or rural
residence—and controls for contemporaneous political and regu-
latory changes described previously. For each of the four out-
comes—one-year hospital expenditures, mortality, and AMI and
CHF readmissions—two sets of models are reported. The first set
includes complete state and year fixed effects. The second set,
intended to illustrate the average differences of states that had
adopted reforms before our study began as well as the sensitivity
of the results to a more complete fixed-effect specification, in-
cludes only time and census region effects. As described in Sec-
tion II, both specifications are linear, the dependent variable in
the expenditure models is logged, all coefficient estimates are
multiplied by 100 and so can be interpreted as average effects in
percent (for expenditure models) or percentage points (for out-
comes models), and the standard errors are corrected for hetero-
skedasticity and grouping at the state/zip-code level.
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The estimates of average expenditure growth rates in both
specifications are substantial showing an increase in real expen-
ditures of over 21 percent between 1984 and 1990. The estimated
DD effects show that expenditures declined by 5.3 percent in
states that adopted direct reforms relative to nonreforming
states. The corresponding DD estimate of the effect of indirect
reforms, 1.8 percent, is positive but small; these reforms do not
appear to have a substantial effect on expenditures. In the
region-effect models, the estimated DD reform effects are slightly
larger but qualitatively similar. States that adopted reforms prior
to our study period had 1984-1990 growth rates in expenditures
that were slightly larger, by around 3 percent. The region-effect
model shows that these states as a group also had slightly higher
expenditure levels in 1984. Because these states generally
adopted reforms at least five years before our panel began, our
results suggest that direct reforms do not result in relatively
slower expenditure growth more than five years after adoption.
However, lack of a pre-adoption baseline for and adoption-time
heterogeneity among the early-adopting states, as well as the
sensitivity of the early-adopter/nonadopter differential growth
rates to alternative specifications (as discussed below), compli-
cates interpreting estimates of differential early-adopter/non-
adopter growth rates as a long-term effect. In any event, in no
case would the differential 1984-1990 expenditure growth rate
between adopters and nonadopters offset the difference-in-
difference “levels” effect. In total, malpractice reforms always re-
sult in a decline in cost growth at least 10 percent.

The remaining columns of Table IV describe the correspond-
ing DD estimates of reform effects on AMI outcomes. Mortality
rates declined, but readmission rates with cardiac complications
increased during this time period, confirming the results of Table
I. Outcome trends were very similar in reform and nonreform
states: the cumulative difference in mortality and cardiac-
complication trends was around 0.1 percentage points. These
small estimated mortality differences are not only insignificantly
different from zero; they are estimated rather precisely as well.
For example, the upper 95 percent confidence limit for the effect
of direct reforms on one-year mortality trends between 1984 and
1990 is 0.64 percentage points. Coupled with the estimated ex-
penditure effect, the expenditure/benefit ratio for a higher pres-
sure liability regime is over $500,000 per additional one-year
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AMI survivor in 1991 dollars. Even a ratio based on the upper-
bound mortality estimate translates into hospital expenditures
of over $100,000 per additional AMI survivor to one year.'° The
estimates in the corresponding region-effect models are very sim-
ilar. Indirect reforms were also associated with estimated mortal-
ity effects that were very close to zero. Results for outcomes
related to quality of life, that is, rehospitalizations with either
recurrent AMI or heart failure, also showed no consequential ef-
fects of reforms. In this case, the point estimates (upper bound of
the 95 percent confidence interval) for the estimated effect of di-
rect reforms were —0.18 (0.21) percentage points for AMI recur-
rence and —0.07 (0.28) percentage points for the occurrence of
heart failure. Again, compared with the estimated expenditure
effects, these differences are not substantial.

Table V presents estimated effects of malpractice reforms on
THD expenditures and outcomes, with results qualitatively simi-
lar to those just described for AMI. IHD expenditures also grew
rapidly between 1984 and 1990. Direct reforms led to somewhat
larger expenditure reductions for IHD (9.0 percent) and indirect
reforms were again associated with relatively smaller increases
in expenditures (3.4 percent). The effects of reforms on IHD out-
comes are again very small: the effect of direct reforms on mortal-
ity rates was an average difference of —0.19 percentage points
(95 percent upper confidence limit of 0.10), and the effects on sub-
sequent occurrence of AMI or heart failure hospitalizations were
no larger.* Estimates from the models with region effects were
very similar. Thus, direct liability reforms appear to have a rela-
tively larger effect on IHD expenditures, without substantial con-
sequences for health outcomes.

As we noted in Section III, the simple average effects of lia-
bility reforms estimated in the DD specifications of Tables IV and
V may not capture the dynamic effects of reforms. Table VI pres-
ents results from model specifications that estimate reform ef-

10. That is, (.053*$13,140)/.0064~$108,000 using the 95 percent upper
bound of the estimated mortality effect and (.053*$13,140)/.0007=%$1,000,000 us-
ing the actual DD estimate. Both of these ratios are very large; the difference in
absolute magnitude of the two estimates results from the denominator being very
close to zero.

11. Because we were concerned that reforms might affect the rate of IHD
hospitalization as well as outcomes among patients hospitalized, we estimated
models analogous to the specifications reported using population hospitalization
rates with IHD as the dependent variable. We found no significant or substantial
effects of either direct or indirect reforms on IHD hospitalization rates.
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fects less restrictively. In these specifications we use our seven-
year panel to estimate short-term and long-term effects of direct
and indirect reforms on expenditures and outcomes, to determine
whether the “shift” effect implied by the DD specification is ade-
quate. The models retain our state and time fixed effects.!2

We find the same general patterns as in the simple DD mod-
els, but somewhat larger effects of malpractice reforms three to
five years after adoption compared with the short-term effects. In
particular, Table VI shows that direct reforms lead to short-term
reductions in AMI expenditures of approximately 4.0 percent
within two years of adoption, and that the reduction grows to ap-
proximately 5.8 percent three to five years after adoption. This
specification also shows that the positive association between in-
direct reforms and expenditures noted in Table IV is a short-term
phenomenon: the long-term effect on expenditures is approxi-
mately zero.'?

As in Table IV, both direct and indirect reforms have trivial
effects on mortality and readmissions with complications, both
soon and later after adoption. For example, the average differ-
ence in mortality trends between direct-reform and nonreform
states is —0.22 percentage points (not significant) within two
years of adoption, with a 95 percent upper confidence limit of 0.39
percentage points. At three to five years the estimated effect is
0.12 percentage points (not significant) with a 95 percent upper
confidence limit of 0.75 percentage points. These point estimates
translate into very high expenditures per reduction in adverse
AMI outcomes.

The results for the corresponding model of IHD effects over
time are presented in the right half of Table VI. Direct reforms
are associated with a 7.1 percent reduction in expenditures by
two years after adoption (standard error 0.5) and an 8.9 percent
reduction by five years after (standard error 0.5).* In contrast,

12. Models with region effects only, analogous to the right halves of Tables
IV and V, again showed very similar effect estimates.

13. We also estimate separate time-trend effects for early-reform (pre-1984)
states. This approach may permit the development of some evidence on “long-
term” effects of reforms on intensity growth rates. As noted previously, we find no
evidence for such effects. Of course, our lack of a pre-adoption baseline for the
early-adopting states precludes DD identification and makes the long-term con-
clusion more speculative. A follow-up study using more recent expenditure and
outcome data would provide more convincing evidence on effects beyond five

ears.
Y 14. In contrast to AMI, the slower rate of expenditure growth between 1984
and 1990 for early-reform states (see Table V) suggests that reforms may have
longer term effects on slowing IHD expenditure growth.
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mortality trends for states with direct reforms do not differ sig-
nificantly by two years (point estimate of —0.15 percentage
points, 95 percent upper confidence limit 0.18) or five years after
adoption (point estimate —0.11 percentage points, 95 percent up-
per confidence limit 0.22). Direct reforms also have no significant
or substantial effects on cardiac complications, either immedi-
ately or later. Indirect reforms are again associated with small
positive effects on expenditure growth (3.1 percent within two
years), but these effects decline over time to a relatively trivial
level (1.4 percent at three to five years). Indirect reforms are also
associated with slightly lower mortality rates and slightly higher
rates of cardiac complications, but the size of these effects is very
small (e.g., the upper limit of the 95 percent confidence interval
around the estimated effect of indirect reforms three to five years
after adoption is 0.47 percentage points for AMI recurrence and
0.29 percentage points for heart failure occurrence). Thus, the
pattern of reform effects for IHD is again qualitatively similar to
that for AMI, with direct reforms having a somewhat larger effect
on expenditures.

Taken together, the estimates in Tables IV through VI consis-
tently show that the adoption of direct malpractice reforms be-
tween 1984 and 1990 led to substantial relative reductions in
hospital expenditures during this period—accumulating to a re-
duction of more than 5 percent for AMI and 9 percent for IHD
by five years after reform adoption—and that these expenditure
effects were not associated with any consequential effects on mor-
tality or on the rates of significant cardiac complications.

We estimated a variety of other models to explore the ro-
bustness of our principal results. We tested the sensitivity of our
results to alternative assumptions about the excludability of
state/time interactions. One set of tests reestimated the models
with random state/time effects to determine whether correlated
outcomes at the level of state/time interactions might affect our
conclusions. Our estimated effects of reforms did not differ sub-
stantially or significantly with these methods. Using the model
presented in Tables IV and V, the estimated difference-in-
difference effect of direct reforms on expenditures for AMI pa-
tients, controlling for random state/time effects, is —4.9 percent
(standard error 2.1), and for indirect reforms, the estimated effect
is —0.6 percent (standard error 2.0). The estimated DD effect of
direct reforms on mortality for AMI patients, controlling for ran-
dom state/time effects, is 0.15 percentage points (standard error
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0.32) and for indirect reforms, the estimated effect is —0.19 per-
centage points (standard error 0.32). We obtained similar results
for THD patients: direct reforms showed a negative and statisti-
cally significant effect on expenditures with an insubstantial and
precisely estimated effect on mortality, and indirect reforms
showed no substantial effect on either expenditures or mortality.
Estimated differential 1984-1990 expenditure growth rates be-
tween early-adopters and nonadopters were insignificant in the
random effects specification. For AMI patients the differential
growth rate for early adopters of direct reforms is 0.61 percent
(standard error 3.1). For early adopters of indirect reforms the
differential growth rate is 0.61 percent (standard error 2.3). For
IHD patients the differential growth rate for early adopters of
direct reforms is —1.9 percent (standard error is 3.0). For early
adopters of indirect reforms the differential growth rate is —3.2
percent (standard error is 2.2). Another related diagnostic in-
volved estimating the models with Huber-White [1980] correc-
tions for state/time grouped errors instead of corrections for zip-
code/time grouped errors. Standard errors corrected for state/
time grouping were somewhat larger than those corrected for zip-
code/time grouping but smaller than those obtained under the
random effects specification.

Although they did have a statistically significant influence
on expenditures in some models, the broad set of political and
regulatory environment controls that we used did not change our
results substantially. Using the models presented in Tables IV
and V but excluding controls for the regulatory and legal environ-
ment, the estimated DD effect of direct reforms on expenditures
for AMI patients is —9.1 percent (standard error is 0.44). For in-
direct reforms the estimated DD effect is 3.3 percent (standard
error is 0.40). In addition, the difference in 1984-1990 growth
rates between early-reforming and nonreforming states changes
sign from positive to negative for enacting direct reforms before
1985 (Table IV: 3.1 percent with legal environment controls, —3.1
percent without them). The difference in growth rates for states
enacting indirect reforms before 1985 remains about the same
(Table IV: 2.8 percent with legal environment controls, 3.5 per-
cent without them). These two specification checks, taken to-
gether, underscore the points made by Tables IV and V. Direct
reforms reduce expenditure growth without increasing mortality,
indirect reforms have no substantial effect on either expenditures
or mortality, and differential 1984-1990 expenditure growth
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rates for early-adopting states are not robust estimates of the
long-term impact of reforms.

Finally, we reestimated the models in Tables IV and V in-
cluding controls for statute-of-limitations reforms. Statute-of-
limitation reforms have a very small positive effect on expendi-
tures and no effect on mortality, which is consistent with their
classification as an indirect reform. Using the models presented
in Tables IV and V, statute-of-limitations reforms are associated
with a 0.96 percent increase in expenditures for AMI patients
(standard error is 0.46), and a 0.003 percentage point increase
in mortality (standard error is 0.28). Inclusion of statute-of-
limitation reforms did not substantially alter the estimated DD
effect of either direct or indirect reforms: for AMI patients the
estimated effect of direct reforms went from —5.3 percent (Table
IV) to —5.5 percent, and the estimated effect of indirect reforms
remained constant at 1.8 percent (Table IV).

To explore the sources of our estimated reform effects more
completely, we estimated additional specifications that analyzed
effects on use of intensive cardiac procedures such as cardiac
catheterization, that used alternative specifications of time-since-
adoption and calendar-year effects, and that estimated the effects
of each type of tort reform separately (see Table ITA). These speci-
fications produced results consistent with the simpler specifica-
tions reported here for both AMI and IHD. Specifically, reforms
with a determinate, negative direct impact on liability led to sub-
stantially slower expenditure growth, somewhat less growth in
the use of intensive procedures (but smaller effects than would
explain the expenditure differences, suggesting less intensive
treatments were also affected), and no consequential effects on
mortality.

VI. PoLicy IMPLICATIONS

We have developed evidence on the existence and magnitude
of “defensive” medical practices by studying the consequences of
reforms limiting legal liability on health care expenditures and
outcomes for heart disease in the elderly. These results provide a
critical extension to the existing empirical literature on the ef-
fects of malpractice reforms. Previous studies have found signifi-
cant effects of direct reforms on the frequency of and payments
to malpractice claims. Because the actual costs of malpractice liti-
gation comprise a very small portion of total health care expendi-
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tures, however, these litigation effects have only a limited impact
on health care expenditure growth. To provide a more complete
assessment of malpractice reforms, we have studied their conse-
quences for actual health care expenditures and health outcomes.
Our study is the first to use exogenous variation in tort laws not
related to potential idiosyncrasies of providers or small geo-
graphic areas to assess the behavioral effects of malpractice pres-
sure. Thus, our analysis fills a crucial empirical gap in evaluating
the U. S. malpractice liability system, because the effects of mal-
practice law on physician behavior are both a principal justifica-
tion for current liability rules and potentially important for
understanding medical expenditure growth.

Our analysis indicates that reforms that directly limit liabil-
ity—caps on damage awards, abolition of punitive damages, abo-
lition of mandatory prejudgment interest, and collateral-source-
rule reforms—reduce hospital expenditures by 5 to 9 percent
within three to five years of adoption, with the full effects of re-
forms requiring several years to appear. The effects are some-
what smaller for actual heart attacks than for a relatively less
severe form of heart disease (IHD), for which more patients may
have “marginal” indications for treatment. In contrast, reforms
that limit liability only indirectly—caps on contingency fees,
mandatory periodic payments, joint-and-several liability reform,
and patient compensation funds—are not associated with sub-
stantial effects on either expenditures or outcomes, at least by
several years after adoption. Neither type of reforms led to any
consequential differences in mortality or the occurrence of serious
complications. As we described previously, the estimated expendi-
ture/benefit ratio associated with direct reforms is over $500,000
per additional one-year survivor, with comparable ratios for re-
current AMIs and heart failure. Even the 95 percent confidence
bounds for outcome effects are generally under one percentage
point, translating into over $100,000 per additional one-year sur-
vivor. While it is possible that malpractice reforms have had ef-
fects on other outcomes valued by patients, this possibility must
be weighed against the absence of any substantial effects on mor-
tality or the principal cardiac complications that are correlated
with quality of life. Thus, at the current level of malpractice pres-
sure, liability rules that are more generous in terms of award lim-
its are a very costly approach to improving health care outcomes.

Approximately 40 percent of patients with cardiac disease
were affected by direct reforms between 1984 and 1990. Based on
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simulations using our effect estimates, we conclude that if re-
forms directly limiting malpractice liability had been applied
throughout the United States during this period, expenditures on
cardiac disease would have been around $450 million per year
lower for each of the first two years after adoption and close to
$600 million per year lower for each of years three through five
after adoption, compared with nonadoption of direct reforms.

While our panel is relatively lengthy for a DD study, it is not
long enough to allow us to reach equally certain conclusions
about the long-term effects of malpractice reforms on medical ex-
penditure growth and trends in health outcomes. Plausible static
effects of virtually all policy factors cannot explain more than a
fraction of expenditure growth in recent decades [Newhouse
1992], and we have also documented that outcome trends may
be quite important. Whether policy changes such as malpractice
reforms influence these long-term trends through effects on the
environment of technological change in health care is a critical
issue. Do reforms have implications for trends in expenditures
and outcomes long after they are adopted, or do the trend effects
diminish over time? Preliminary evidence on the question from
early-adopted (pre-1985, mostly pre-1980) reforms suggest that
long-term expenditure growth is not slower in states that adopt
direct reforms. On the other hand, subsequent growth does not
appear to offset the expenditure reductions that occur in the
years following adoption. Moreover, we found no evidence that
direct reforms adopted from 1985-1990 had smaller effects in
states that had also adopted direct reforms earlier, suggesting
that dynamic malpractice policies may produce more favorable
long-term expenditure/benefit trends. In any event, our conclu-
sions about long-term effects are speculative at this point, given
the absence of baseline data on expenditures and outcome trends
in reform states. Follow-up evaluations of longer term effects of
malpractice reforms should be possible within a few years, and
might help confirm whether liability reforms have any truly last-
ing consequences for expenditure growth or trends in health
outcomes.

Hospital expenditures on treating elderly heart disease pa-
tients are substantial—over $8 billion per year in 1991—but they
comprise only a fraction of total expenditures on health care. If
our results are generalizable to medical expenditures outside the
hospital, to other illnesses, and to younger patients, then direct
reforms could lead to expenditure reductions of well over $50 bil-
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lion per year without serious adverse consequences for health
outcomes. We hope to address the generalizability of our results
more extensively in future research. More detailed studies using
both malpractice claims information and patient expenditure and
outcome information, linking the analysis of the two policy justi-
fications for a malpractice liability system, should be particularly
informative. Such studies could provide more direct evidence on
how liability rules translate into effects on particular kinds of
physician decisions with implications for medical expenditures
but not outcomes. Thus, they may provide more specific guidance
on which specific liability reforms—including “nontraditional” re-
forms such as no-fault insurance and mandatory administrative
reviews—will have the greatest impact on defensive practices
without substantial consequences for health outcomes.

Our evidence on the effects of direct malpractice reforms sug-
gests that doctors do practice defensive medicine. Given the lim-
ited relationship between malpractice claims and medical
injuries documented in previous research, perhaps our findings
that less malpractice liability does not have significant adverse
consequences for patient outcomes but does affect expenditures
are not surprising. To our knowledge, however, this is the first
direct empirical quantification of the costs of defensive medicine.

VII. CONCLUSION

We have demonstrated that malpractice liability reforms
that directly limit awards and hence benefits from filing lawsuits
lead to substantial reductions in medical expenditure growth in
the treatment of cardiac illness in the elderly with no appreciable
consequences for important health outcomes, including mortality
and common complications. We conclude that treatment of el-
derly patients with heart disease does involve “defensive” medi-
cal practices, and that limited reductions in liability can reduce
these costly practices.

STANFORD UNIVERSITY AND NATIONAL BUREAU OF EcoNOMIC RESEARCH
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