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For more than 10 years, reports comparing quality of care in hospitals have been dissemi-
nated to the public. The most commonly used measure in these reports is hospital mortal-
ity rate. Despite the resources devoted to analyzing and disseminating mortality data,
little attention has been given to the question of their validity as a quality measure. In this
article, the authors synthesize findings from 18 articles identified as providing informa-
tion relevant to this issue. From this review, the authors find evidence that poor quality
care increases patients’ risk of mortality and that, on average, quality of care provided in
hospitals identified as high-mortality rate outliers is poorer than that provided in
low—mortality rate outlier hospitals. Nevertheless, a clear conclusion from these studies
is that when used as a measure of quality for individual hospitals, risk-adjusted mortality
rates are seriously inaccurate. Publication of hospital mortality rates misinforms the
public about hospital quality.

In 1993, the Health Care Financing Administration (HCFA) stopped releas-
ing its annual reports on hospital-specific Medicare mortality rates. However,
motivated primarily by purchaser concerns about the quality of provider net-
works, an increasing number of other organizations—state health data agen-
cies, commercial health data vendors, purchaser coalitions, and, since 1991,
national news magazines—now periodically publish data that compare hos-
pitals on quality-of-care performance. Risk-adjusted mortality rate is the most
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commonly used indicator of quality in these reports. Published mortality rate
data are almost always controversial, with many hospitals charging that the
numbers are misleading and biased. Defenders of the reports counter that
while mortality rates are not perfect measures of quality, no better outcome
measures are available at this time. Interestingly, relatively few attempts have
been made to ascertain whether or not these measures are valid indicators of
hospital quality of care.

Do hospitals that deliver poor-quality care experience higher risk-adjusted
mortality rates than other hospitals? Can patients be confident that hospitals
with mortality rates significantly lower than expected are actually good-
quality providers? For any two hospitals, is difference in risk-adjusted mor-
tality rates indicative of differences in quality performance? In this article,
we present a review of 30 years of research and we attempt to answer these
questions.

NEW CONTRIBUTION

The health services literature includes scores of articles related to the use of
hospital mortality rates as indicators of quality—articles that promote specific
types of mortality rate measures, articles that propose risk-adjustment meth-
odologies, articles that describe benefits of reporting hospital mortality rates,
and so forth. However, very few of these studies address what is probably the
most important issue in this context—whether the hospital mortality rate data
mean anything; whether or not mortality rates provide valid information with
which to judge the performance of hospitals. In this article, we synthesize
findings from 18 articles that we have identified as providing information
relevant to this issue, and we attempt to answer the questions posed in the pre-
ceding paragraph.

BACKGROUND

In 1968, Roemer, Moustafa, and Hopkins proposed the “severity-adjusted
death rate” (SADR) as an indicator of hospital quality of care. Having ob-
served thathospital mortality rates were highly correlated (r =0.79) with aver-
age lengths of stay (ALOS), Roemer, Moustafa, and Hopkins (1968) used
ALOS, considered a proxy measure of case mix, to adjust for differences
among hospitals in types and severity of patients treated. To test the validity
of the SADR as a measure of hospital quality performance, Roemer, Moustafa,
and Hopkins (1968) partitioned a sample of hospitals into quartiles on the ba-
sis of quality-associated characteristics such as approved residency programs,
intensive care units, and blood banks. Consistent with expectations, crude
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mortality rates were found to be lowest in least technologically sophisticated
quartiles of hospitals and highest in the most sophisticated, since it was pre-
sumed that the more complex and severely ill cases were treated in the more
technologically advanced hospitals. With the SADR measure, a nearly oppo-
site pattern was observed—the lowest adjusted death rates occurred in the
most technologically sophisticated hospitals. This finding was consistent with
the assumption that more advanced hospitals provided better quality care,
and it was interpreted as evidence that the SADR was a valid measure of hos-
pital quality. However, subsequent research in other settings contradicted
this conclusion (Lave and Lave 1971; Goss and Reed 1974), and the SADR was
never used outside of the research community.

Throughout the 1970s, researchers and policy makers continued to call for
measures of quality capable of focusing on the “bottom line” of medical care,
outcomes, rather than on structural factors or processes with which care was
delivered (Institute of Medicine [IOM] 1974; Jacobs and Jacobs 1974; Brook et
al. 1977). In the 1980s, purchasers too began demanding data on risk-adjusted
outcomes to support efforts to “buy right” (McClure 1985). However, it was
nearly two decades after publication of Roemer, Moustafa, and Hopkins
(1968) before analytic methods necessary for adjusting hospital outcomes
would become widely available. HCFA’s 1986 release of comparative hospital
mortality data demonstrated that such analyses were feasible. The HCFA re-
port raised a host of methodological questions (Blumberg 1987; Vladeck et al.
1988; Jencks, Williams, and Kay 1988; DuBois 1989), such as whether rates
should include only deaths that occur in the hospital, whether risk measure-
ment should be patient specific or hospital specific, and whether administra-
tive databases were adequate for risk measurement. Dozens of government,
academic, and commercial researchers took up these challenging issues, and
by the end of the 1980s, reports comparing hospital performance in terms of
mortality and other outcomes were being published annually by state health
data agencies, state hospital associations, business coalitions, and commercial
health data vendors. By 1991, hospital performance rankings were appearing
annually in national magazines (Green et al. 1997; Hill, Winfrey, and Rudolph
1997).

Today, information on hospital quality performance is readily available to
purchasers and to the public. However, more than a decade after the first
HCFA report, concerns continue to exist about the validity of measures used
to assess hospital quality. Such concerns are regularly fueled by responses to
new data releases. Hospitals identified as providing superior quality care
typically praise the information, stating proudly that the data provide testi-
mony to their institutions’ long-standing commitments to continuous im-
provement in patient care. Hospitals identified as poor-quality providers
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typically criticize the data as incomplete and inadequately adjusted for
casemix and severity (Berwick and Wald 1990). Do differences in hospitals’
risk-adjusted mortality rates indicate real differences in quality of care, or are
the rates more reflective of factors outside of the control of hospitals? One
would suspect, given the number of hospital quality performance reports that
have been published during the past decade, that the accuracy of this type of
publicly reported information would have been investigated thoroughly.
Such is not the case, however.

For a 1990 article on quality indicators, Sisk et al. located only four publica-
tions that addressed the question of validity for mortality rate measures, and
three of these focused on HCFA's initial mortality data reports:

¢ a 1987 New York State Department of Health (NYSDOH) analysis of hospital
medical records that identified quality-of-care problems in only 3 percent of
cases treated in HCFA high-mortality rate hospitals,

e a 1988 U.S. Congress, General Accounting Office (USCGAO) study that found
possible or definite quality problems in only 6 percent of hospitals identified as
outliers in HCFA's 1986 report, and

¢ another New York study (Hannan and Yazici 1988) that reported finding fewer
quality problems in records sampled from HCFA high-mortality rate outlier
hospitals than in cases sampled from other hospitals.

The fourth article cited by Sisk et al. (1990) was a RAND study (DuBois et al.
1987), in which samples of medical records, selected from high-mortality rate
and low-mortality rate outliers in an investor-owned chain of hospitals, were
reviewed for quality of care. According to Sisk et al. (1990), this study found
that “high mortality hospitals were significantly more likely than low mortal-
ity hospitals to have preventable deaths.”

On thebasis of these articles, Sisk et al. (1990) concluded, “[T]aken together,
the results of the few studies thathave attempted to validate analyses of hospi-
tal mortality suggest caution in using mortality rates as an indicator of qual-
ity” (p. 265). In this article, we reconsider the findings of DuBois et al. (1987)
cited by Sisk et al. (1990), and we identify two other “early” articles (Williams
1979; Knaus et al. 1986) that contain evidence related to the validity of mortal-
ity rate indicators. To these studies, we add more than a dozen others pub-
lished in, and subsequent to, 1990 that provide evidence related to the validity
of risk-adjusted mortality rates as measures of hospital quality. Interestingly,
after examining this larger and more recent body of research, our conclusions
remain similar to those of Sisk et al. (1990).

In presenting this literature, we organize the studies as follows:
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1. Articles that examine validity empirically, focusing on hospital-level relation-
shipi§ between risk-adjusted mortality rates and process-based measures of
uality.
2. qArticIZs that examine conditions affecting validity. This group includes
e articles that provide evidence about population-level relationships between
quality of care and patients’ mortality risk,
o articles that focus on potential systematic measurement errors associated
with inadequate risk adjustment, and
e articles that quantify the potential for random measurement error when us-
ing mortality rates to evaluate hospital quality performance.

3. Articles that infer validity from observed behavioral responses to public release
of hospital mortality rate data.

Table 1 lists articles reviewed in each of these categories.

ARTICLES THAT EXAMINE VALIDITY EMPIRICALLY

A valid measure of provider quality of care should be able to distinguish ac-
curately between providers that are delivering care of acceptable quality and
those delivering poor-quality care. Beyond this simple statement, however,
the issue of validity for measures of quality is not at all straightforward. A va-
riety of different approaches have been proposed for assessing validity, and
these different approaches are usually referred to as different dimensions of va-
lidity. In a recent chapter, Daley (1994) describes eight dimensions: face valid-
ity, content validity, construct validity, convergent validity, discriminant va-
lidity, criterion validity, predictive validity, and attributional validity. Each of
the empirical validation studies reviewed below uses methodologiesbased on
one of these dimensions.

Criterion validity, construct validity, and convergent validity all concern the
same questions: How likely is the candidate measure to yield information that
is consistent with other accepted measures of the concept? What are appropri-
ate measures of quality of care with which risk-adjusted mortality rates canbe
compared? As Donabedian (1988) notes,

All assessments of quality are based . . . on hypotheses concerning the interrela-
tionship among structure, process, and outcome; the assessments are valid only
to the extent the hypotheses are verifiable . . . outcomes that are not known tobe
the consequences of antecedent care cannot be used to assess the quality of that
care. (P. 177)

Thus, degree of validity for an outcome-based measure of quality should be
proportional to the strength of evidence linking better measured outcomes

(Text continues on p. 380)
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with superior processes and worse measured outcomes with inferior pro-
cesses. With criterion validity, the standard with which the measure is com-
pared is one that is considered unequivocally valid, a “gold standard.” Con-
struct validity (or correlational validity) is the same as criterion validity,
except that the comparison is made with one or more measures thought, but
not known, to be highly valid. This is the validation criterion employed in
three of the empirical validation studies cited below (Williams 1979; Thomas
1991; Hartz et al. 1993), each of which examines relationships between hospi-
tals’ risk-adjusted mortality rates and a process-based measure of quality
performance.

To have predictive validity, a measure should perform well in predicting the
occurrence of an attribute (e.g., good-quality care) or, equivalently, in dis-
criminating among occurrences of the attribute (discriminant validity). With
only the three exceptions cited above, all of the empirical validation studies
cited below focus on predictive validity (Knaus et al. 1986; DuBois et al. 1987;
Park et al. 1990; Hannan et al. 1990; California Office of Statewide Health Plan-
ning and Development [COSHPD] 1996). It is important to note that in the
context considered here, the criterion refers to the ability of a hospital mortal-
ity rate measure to predict hospital quality performance. Evidence that a risk
model accurately predicts mortality does not, as has sometimes been sug-
gested (e.g., DesHarnais et al. 1988), establish predictive validity for risk-
adjusted mortality rates.

In this section, we describe findings from studies that have investigated re-
lationships between risk-adjusted mortality rates and measures of hospital
quality performance that are in some way based on process-of-care judg-
ments. The studies are presented chronologically by validity measurement
method.

CORRELATIONAL VALIDITY STUDIES

Predating other risk-adjustment studies by nearly a decade, Williams
(1979) employed basic epidemiological methods to develop indirectly stan-
dardized perinatal mortality rates for hospital maternity services. By linking
birth certificate records of 3.44 million babies delivered in California hospitals
in 1960 and 1965-1973 with death certificate records for the 39,000 fetal and
neonatal deaths during this period, Williams (1979) developed for each hospi-
tal an observed-to-expected perinatal mortality ratio (O/E ratio), where ex-
pected rates were based on infant sex, ethnicity, and birth weight. To deter-
mine how risk-adjusted perinatal mortality related to quality of care, Williams
(1979) performed a stepwise regression analysis of hypothesized quality-
related hospital structural and process characteristics on hospital O/E ratios
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for the 504 study hospitals. Regression coefficients suggested that, consistent
with expectations, risk-adjusted perinatal mortality was lower in hospitals
with higher specialist-to-generalist physician ratios and hospitals that rou-
tinely measured and recorded infants’ Apgar scores. Rates were found to re-
late to annual volume of deliveries in a U-shaped relationship, declining with
increases in volume up to 2,850 annual births, and then increasing with
greater volumes. Because this model was estimated by using stepwise tech-
niques and was not tested on independent samples of data, these relationships
could reflect some degree of overfitting.

Thomas (1991) examined relationships between hospital mortality rates
and quality of care by correlating providers’ condition-specific O/E ratios
with their condition-specific quality problem rates (percentage of reviewed
cases at each hospital identified by Peer Review Organization [PRO] review as
involving one or more quality problems).! Earlier population-level analyses
had indicated valid relationships between mortality risks and quality of care
for 5 of 10 clinical conditions studied: pneumonia, cardiac surgery, acute myo-
cardial infarction (AMI), cardiac arrhythmia, and femur/pelvic fractures. For
these conditions, it was hypothesized that hospitals with higher rates of iden-
tified quality-of-care problems would have higher risk-adjusted mortality
rates, and that facilities having few identified quality problems would simi-
larly have low-mortality O/E ratios. Significant (p < 0.05) positive correla-
tions, suggestive of valid hospital-level relationships between process and
outcome measures, were found for cardiac surgery (r = 0.55), AMI (r = 0.57),
and pneumonia (r = 0.31), but not for the other two conditions studied.

A similar analytic approach was used by Hartz et al. (1993), who examined
relationships between PRO-determined quality problem rates and hospitals’
risk-adjusted mortality rates for Medicare admissions in 38 states. For 14 of the
states, Hartz et al. (1993) found significant (p < 0.05) positive within-state cor-
relations, with r = 0.19, between hospital quality problem rates and risk-
adjusted mortality rates. Among the 6 states having the highest number of
PROreviews, Hartz et al. (1993) found that within-state hospital-level correla-
tions were even higher when more homogeneous groupings of hospitals were
analyzed—for example, state/city/county hospitals (mean r = 0.42), hospital
members of Council of Teaching Hospitals (mean r = 0.25). However, for the
other 24 states studied, HCFA's 1987 overall risk-adjusted hospital mortality
rates did not relate as hypothesized to PRO quality problem rates—correla-
tions were either nonsignificant or negative. One reason for the partially nega-
tive findings of both Hartz et al. (1993) and Thomas (1991) could be the reli-
ability of PRO peer review judgments, shown in other studies to be
problematic (Goldman 1992; Rubin et al. 1992). Hartz et al. (1993) reported
that among the 38 state PROs submitting data for their study, physician-
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confirmed quality problem rates, across all diagnoses and hospitals, ranged
from 0.0003 (New Jersey) to 0.3846 (Puerto Rico) and averaged 0.0373.

PREDICTIVE VALIDITY STUDIES

In this section, we review five studies in which sets of superior-quality hos-
pitals and poor-quality hospitals were identified on the basis of risk-adjusted
mortality rates, and then these quality predictions were evaluated by compar-
ing processes of care between the two types of outliers. The first listed study,
Knaus et al. (1986), developed information on hospital quality through clinical
management audits of hospitals participating in the study. Each of the other
four studies based comparative quality judgments on the results of medical
record reviews from samples of high-outlier hospitals and samples of nonout-
lier or low-outlier hospitals.

After ranking 13 hospital intensive care units (ICUs) on the basis of risk-
adjusted (using APACHE II) mortality rates, Knaus et al. (1986) performed
clinical management audits of each of the subject units. The hospital having
the lowest O/E ratio (0.59) was found to have several characteristics pre-
sumed to be associated with good quality—for example, a full-time ICU direc-
tor and 24-hour in-unit physician coverage. The ICU with the worst risk-
adjusted mortality rate (O/E = 1.58) did not have 24-hour in-unit physician
coverage and did not have a full-time director. Most important, the unit was
found to suffer from very poor communications between physicians and
nursing staff. Although the Knaus et al. (1986) study might be considered to
support the validity of risk-adjusted mortality rate as a measure of quality, it
represents weak evidence, both because of the small number of hospitals sur-
veyed and because of the posthoc nature of the clinical management audits.

Of the four studies reviewed by Sisk et al. (1990), the only one supportive of
the validity of mortality rate as a quality indicator was the article by DuBois et al.
(1987). With data from a chain of 93 proprietary hospitals, DuBois et al. (1987)
developed a hospital-level model to predict the number of in-hospital deaths
as a function of four casemix indicators: percentage of patients older than 70,
percentage of admissions from the emergency department, percentage of ad-
missions from nursing homes, and Medicare hospital casemix index. Com-
paring the hospitals’ observed mortality rates with rates predicted by the
model, DuBois et al. (1987) identified 9 low outliers (presumed good quality)
and 11 high outliers (presumed poor quality). Samples of medical records for
pneumonia, stroke, and AMI patients were obtained from six hospitals in each
group. The records were audited for quality using explicit condition-specific
criteria and also using physicians’ implicit judgments about preventability of
death. Based on compliance with explicit condition-specific criteria, results
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showed no differences between high- and low-outlier hospitals for any of the
conditions studied. When quality of care was judged implicitly, no differences
in scores were observed between high- and low-outlier hospitals for AMI pa-
tients or stroke patients. However, for pneumonia patients, preventable death
rates were judged to be higher in the group of high-outlier hospitals than in
the group of low-outlier hospitals. Despite negative explicit-review results for
all cases and negative implicit-review results for AMI and stroke cases,
DuBois et al. (1987) interpreted this pneumonia finding as evidence suppor-
tive of the validity of risk-adjusted mortality rates as quality indicators. The
study and this conclusion have been criticized on several grounds, one of
which was the low level of interrater reliability for physicians performing im-
plicit reviews. Although reliability statistics were not reported in the original
article, in a later article, DuBois (1989) indicated that kappas were as low as
0.11 for pneumonia cases reviewed.

The DuBois et al. (1987) risk model was similar to the 1986 HCFA mortality
model in that it was designed to predict number of deaths as a function of hos-
pital volume and casemix statistics; that is, hospital was the unit of analysis.
Although not recognized at the time of the DuBois et al. (1987) study, research-
ers subsequently learned that hospital-level risk-adjustment models produce
severely biased predictions, and that mortality risk adjustments instead must
bebased on patient-level models (Hadorn et al. 1993). With patient-level mod-
els, the expected number of deaths for a hospital is calculated by summing in-
dividual patient mortality probabilities across patients treated at a hospital.
This is the approach used in the 1990 study by Park et al., who, like DuBois et al.
(1987), wished to determine whether hospitals targeted as high-mortality rate
outliers were actually delivering poorer quality care than other hospitals.

The initial risk model used by Park et al. (1990) considered only demo-
graphic (age, sex, race) predictors of mortality. Comparing high-outlier and
nonoutlier hospitals identified with this model, Park et al. (1990) found no sig-
nificant differences in quality—measured as degree of compliance with pro-
cess criteria—for either congestive heart failure (CHF) or AMI cases. They
noted, however, that for both AMI and CHF patients, mean quality scores in
high-outlier hospitals were as high or higher than those in nonoutlier hospi-
tals. They also noted that more than 80 percent of differences in adjusted mor-
tality rates between high-outlier and low-outlier hospitals were not attribut-
able to quality but to residual severity differences and random (binomial)
variation in the outcome. For a subsequent set of analyses, Park et al. (1990)
compared quality of care between high-outlier and low-outlier hospitals iden-
tified in HCFA'’s 1988 mortality report (1986 data), and between high-outlier
and low-outlier hospitals identified by using 3 years rather than 1 year of
Medicare data. With each of these new approaches for identifying mortality
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rate outlier hospitals, Park et al. (1990) found that the average quality-of-care
score for CHF cases treated in high-outlier hospitals was poorer than the aver-
age in low-outlier hospitals. For AMI patients, quality score differences be-
tween groups of high-outlier and low-outlier hospitals were not significant, but
patterns were considered suggestive of better quality in low-outlier hospitals.

Among all of the organizations currently distributing public reports on
hospital quality-of-care performance, we are aware of only two that have
made efforts to investigate the validity of the measures presented. The first of
these is NYSDOH, which in 1989 began releasing annual reports on the mor-
tality rate performance for New York hospitals performing coronary artery
bypass graft (CABG) surgery (Hannan et al. 1990). Since 1992, the department
has also produced surgeon-specific reports (Hannan et al., Improving the Out-
comes, 1994). In the original article of an ongoing sequence, Hannan and col-
leagues (1990) described their use of data from a cardiac surgery registry to
model patients’ CABG mortality risks in terms of cardiac system status, com-
plications and comorbidities, and demographics. For the 28 hospital pro-
grams evaluated, crude CABG mortality rates ranged from 2.2 percent to 14.3
percent. Comparing these figures to the expected numbers of deaths, 3 of 28
programs were found to have significantly fewer deaths than expected, and 4
were found to have significantly higher mortality rates than expected.
Through a contract with the NYSDOH, the Island PRO examined the medical
records of 40 patients who had died following surgery at the high-mortality
rate hospitals and 23 who had died at low-mortality rate hospitals. Applying
generic process-of-care criteria, the reviewers found 45 percent of the deaths
in high-outlier hospitals to have associated quality-of-care problems, while
only 4.35 percent (one case) experienced questionable quality care in the low-
mortality hospitals. Hannan et al. (1990) do not indicate whether medical rec-
ord reviewers were aware of hospital outlier status when evaluating care
documented in the charts.

In conjunction with California’s Hospital Outcomes Project, the state’s Of-
fice of Statewide Health Planning and Development produces annual statis-
tics on risk-adjusted AMI mortality rates by region and by individual hospital
(COSHPD 1996). To investigate the validity of this measure as an indicator of
hospital quality, researchers stratified 228 hospitals on the basis of risk-
adjusted AMI mortality rates into three categories—better-than-expected
mortality (lowest 5 percent), expected mortality, and worse-than-expected
mortality (highest 5 percent)}—and selected 10 hospitals from each stratum.
They then sampled about 325 AMI admissions from each stratum of hospitals.
Medical records for the sampled patients were reviewed to assess degree of
compliance with hypothesized good processes for treatment of acute myocar-
dial infarctions. Criteria included use of aspirin, thrombolytics, beta blockers,
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and heparin; as well as rates of performance of coronary angiography, revas-
cularization procedures, and pulmonary artery catheterization. No signifi-
cant (p < 0.10) differences among hospital mortality rate categories were ob-
served in percentages of patients receiving aspirin therapy or thrombolytic
therapy. Although percentages of patients receiving aspirin therapy did not
differ among strata, patients in low-mortality hospitals were found more
likely than those in other hospitals to receive aspirin therapy within 6 hours of
presentation. Patients in low—mortality rate hospitals also were more likely
than other patients to receive heparin and to undergo revascularization, coro-
nary angiography, and pulmonary artery catheterization, while patients in
high-mortality rate hospitals were more likely to receive beta blockers. The
findings were considered to support the validity of risk-adjusted AMI mortal-
ity rate as a measure of hospital quality performance (COSHPD 1996).

ARTICLES THAT EXAMINE
CONDITIONS AFFECTING VALIDITY?

McAuliffe (1984) notes that for any measure m of a concept, its variance 6,
is composed theoretically of three components:

Oy =0y + Og, + Oy,

where ©,, represents valid variance, the portion of total variance that is related
to the concept being studied (e.g., quality differences among hospitals). The
remaining variance in the measure consists of two error components:
systematic-error variance, o,, and random-error variance, G,.. The
systematic-error variance reflects the influence on the measure of factors that
are unrelated to the conceptbeing studied. Random-error variance represents
the portion of total variance that remains after accounting for the stable effects
of valid variance and systematic-error variance; it is the degree of unreliability
in the measure. With this as a framework, we can state conditions for the rela-
tive degree of validity of a measure:

e Validity is greater when the ratio 6,/0c,, is greater.

e Validity is greater when residual o, is smaller, that is, when a greater proportion
of systematic-error variance can be removed, through identification of sources of
systematic error, measurement of the influence of those sources on m, and ad-
justment of m to remove bias from these effects.

e Validity is greater when the proportion of total variance represented by o, is
small, since measures with low reliability must have low validity (McAuliffe
1984).
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In this review, articles identified as addressing these validity conditions are
presented in three groups. Articles in the first group provide evidence related
to whether or not 6, > 0. The second group of articles concerns the potential for
systematic measurement error in hospital mortality rates, that is, whether cur-
rently available methodologies adequately control for the effects of casemix
and severity differences among institutions. The remaining group of articles
focuses on the magnitude of o, relative to other variance components.

STUDIES OF VALID VARIANCE: EVIDENCE OF
POPULATION-LEVEL RELATIONSHIPS BETWEEN
QUALITY OF CARE AND PATIENTS’ MORTALITY RISK

The clinical literature includes thousands of articles that describe random-
ized clinical trials or other carefully controlled experiments that document as-
sociations between specific clinical interventions and improved patient out-
comes. We shall not include such studies in this review, since they focus on
very specific interventions in highly selected populations of patients. Instead,
we shall focus on articles in which patients” mortality risks were compared by
using process measures that are more broadly applicable than those evaluated
in randomized clinical trial studies. As Jencks (1995) has noted, this type of
validation can be difficult because these types of process measures usually de-
pend on clinician judgments of overall quality, and such judgments can be
subjective and unreliable.

Perhaps the most carefully designed investigation available in the litera-
ture of relationships between patients” mortality risks and quality of medical
care processes was performed in conjunction with RAND’s assessment of
Medicare’s diagnostic related group (DRG)-based Prospective Payment Sys-
tem (Kahn et al., Comparing Outcomes, 1990). For each of five conditions, risk
models for 30-day mortality were developed by using physiologic and other
variables abstracted from patients’ medical records (Keeler et al. 1990). Qual-
ity reviews were performed on 14,000 cases using explicit, disease-specific
process-of-care criteria (Kahn et al, Measuring Quality, 1990), and on a
subsample of these cases using a structured implicit review methodology (Ru-
benstein et al. 1990). On the basis of explicit quality review, congestive heart
failure (CHF) patients judged as having received poor-quality care were
found to be 1.74 times more likely to die within 30 days than patients whose
care was acceptable (Kahn et al.,, Measuring Quality, 1990). The research
showed that AMI patients with poor care were 25 percent more likely to die
than other AMI patients, and that the mortality odds ratios for pneumonia and
stroke cases with poor-quality care were both 1.36. Only for patients with hip
fractures were Kahn et al. (1990), in Measuring Quality, unable to show a sig-
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nificant relationship between quality of care and mortality risk (odds ratio =
0.90).* When quality-of-care assessments were based on implicit review rather
than on explicit criteria, the evidence of a significant relationship between
mortality risk and quality of care was even stronger (Rubenstein et al. 1990).
For a sample of 1,197 records (across the five conditions studied) that were
evaluated using RAND'’s structured implicit review methodology, cases
judged as having received poor-quality care were found 2.08 times more
likely to die within 30 days of hospitalization than cases whose care was con-
sidered acceptable (Rubenstein et al. 1990). Although not the major purpose of
the RAND project, the study provided strong empirical evidence that poor-
quality care increases patients’ risks of death.

However, findings by Thomas (1991), who also examined population-level
relationships between mortality risks and quality of care, were somewhat
more equivocal. Thomas (1991) first developed condition-specific models for
predicting patients’ in-hospital mortality risks using an administrative data
set that included all hospital admissions in the Twin Cities, Minnesota, during
1987 and 1988. These models were then applied to estimate mortality risks for
nearly 50,000 Medicare admissions that had been reviewed for quality of care
by the Foundation for HealthCare Evaluation, Minnesota’s Medicare PRO.
With these data, Thomas (1991) compared the O/E ratio for patients whose
care had been judged of poor quality with the O/E ratio for all patients whose
care was judged acceptable. The comparisons showed very strong relation-
ships between patient-level mortality risks and quality of care for patients ad-
mitted for cardiac surgery, for AMI, or for cardiac arrhythmia. Somewhat
weaker but still significant relationships were noted between quality of care
and mortality risks for pneumonia patients and femur/pelvic fracture pa-
tients. However, O/E ratios were found not to differ as a function of measured
quality for stroke, heart failure, bowel procedure, prostatic disorder, and sep-
ticemia cases. Procedures for assessing quality of care used by the Minnesota
PRO were quite different from those used by RAND researchers in the study
described above (Kahn et al., Measuring Quality, 1990; Rubenstein et al. 1990).
Because PRO quality determinations could lead to legal and financial sanc-
tions of providers, HCFA designed the PRO quality review process intention-
ally to minimize the occurrence of false positives. However, despite differ-
ences in review methodology, the percentage of patients identified by
Minnesota’s PRO as having received poor-quality care was the same as that
(12 percent) reported by Rubenstein et al. (1990). Furthermore, findings with
respect to patient-level relationships between mortality risk and quality re-
ported by Thomas (1991) were consistent with those reported by Kahn et al.
(1990), in Measuring Quality, for the same conditions.
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Why were population-level relationships between quality of care and mor-
tality not significant for all conditions examined in these two studies? One
plausible explanation is that risk models, especially the administrative data
models used by Thomas (1991), did not adequately adjust for differences in
mortality risks between patients who had received good-quality care and
those whose care was poor. Another possible reason is that mortality may be
less sensitive to differences in quality of care for some conditions than for oth-
ers. While mortality risks of CABG surgery patients may vary greatly with
quality of care, for patients with hip fractures, ability to ambulate without as-
sistance is likely to be a more relevant indicator of quality.

STUDIES OF SYSTEMATIC ERRORS
IN MORTALITY RATE INDICATORS

The health services literature now includes a large volume of studies that
describe methodologies for adjusting mortality rates to account for variation
in patient risks (Hadorn et al. 1993; Iezzoni 1994). Nevertheless, concerns still
exist about whether even our currently advanced risk-adjustment tools are
adequate to support valid comparisons among hospitals. The manner in
which such methodologies can introduce systematic measurement error into
hospital mortality risk adjustments was illustrated well in Blumberg’s (1991)
critique of the MedisGroups severity measurement system. Blumberg (1991)
compared actual mortality rates with expected mortality rates, with predic-
tions based on MedisGroups’ admission severity scores for a group of Medi-
care beneficiaries hospitalized for AMI. He found that the O/E ratio was 0.77
for patients who were younger than 70 years and 1.41 for patients who were 85
years or older. A similar bias was noted for specific AMI diagnoses: the O/E
ratio for patients with principal International Classification of Diseases, 9th
Revision, Clinical Modification (ICD-9-CM) diagnosis of 410.9 (AMI not oth-
erwise specified) was 1.4, while for 410.7 (subendocardial infarction) it was
0.61. MedisGroups did not explicitly control for either of these factors. As a
consequence, risk-adjusted mortality rates calculated on the basis of Medis-
Groups’ admission severity would be inappropriately low for hospitals pro-
viding care to young AMI populations and/or populations including dispro-
portionately large percentages of patients with subendocardial infarction.
Likewise, hospitals treating older AMI populations and higher percentages of
410.9 patients would have inappropriately high O/E ratios.

Since Blumberg’s 1991 study, the MedisGroups system has been refined
(Steen et al. 1993). Refinements to improve accuracy of mortality predictions
have also been made to other previously available systems (Knaus et al. 1991;
Young, Kohler, and Kowalski 1994), and new severity measurement method-
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ologies have been introduced (e.g., Romano et al. 1995; Rosenthal and Harper
1994). However, in a set of recent articles, Iezzoni and colleagues present evi-
dence suggesting that the types of problems described by Blumberg (1991)
might still be present in risk-adjustment methodologies today (although to a
considerably lesser degree). Evaluating four common severity methodologies
for predicting AMI patient mortality, Iezzoni et al. (1995), in Predicting Who
Dies, found that for more than 20 percent of patients studied, mortality risk
rankings differed significantly from one severity measure to another. They
concluded that “predicting who dies depends on how severity is measured.”
Iezzoni and colleagues also looked at effects of systematic measurement error
on the reliability of hospital mortality rate performance rankings. In analyzing
stroke mortality, they applied 11 different severity measures to data from 27
hospitals (Iezzoni et al., Using, 1995). For CABG surgery mortality, they com-
pared 14 severity measures with data from 38 hospitals (Landon et al. 1996);
and for pneumonia mortality, they examined 14 severity measures using data
from 105 hospitals (Iezzoni et al. 1996). Findings in the three studies were gen-
erally consistent. As reported in Iezzoni et al. (1996), 73 of the 105 hospitals
were identified by all 14 measures as pneumonia mortality rate “inliers” (ob-
served rates not significantly different from expected rates), and 2 other hospi-
tals were uniformly identified as high outliers. However, 14 hospitals were
identified as outliers by some of the severity measures, but not by others. Inan
article summarizing conclusions from these studies, Iezzoni (1997) comments,
“Severity measures frequently disagreed about which hospitals had particu-
larly low or high z scores. Agreement in identifying low- and high-mortality
hospitals between severity-adjusted and unadjusted death rates was often
better than agreement between severity measures” (p. 1600).

Other comparative studies have raised similar concerns. In conjunction
with the New York State Health Department’s release of data on CABG mor-
tality rates, Hannan et al. (1992) compared relative hospital rankings obtained
from analyses using an administrative database and analyses using the state’s
Cardiac Surgery Reporting System (CSRS). The CSRS is a coronary surgery
data registry that includes, in addition to administrative data for each case, in-
formation on ejection fraction, whether the surgery represents a reoperation,
and whether there is more than 90 percent narrowing of the left main trunk.
Hospital mortality rates developed with the two different systems correlated
at only 0.75 to 0.80. On the basis of these analyses, Hannan et al. (1992) con-
cluded the following: “[T]o inform consumers of relative quality of hospital
care, the differences in hospital ratings between the two systems as well as the
potential damage to a hospital’s reputation are probably too great to risk using
an administrative data base” (p. 903).
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In a more recently reported study, Hannan et al. (1997) found that part of
the accuracy of CABG mortality predictions developed by using a Medicare
administrative database resulted from miscoding of postoperative complica-
tions as coexisting illnesses by hospitals. When the complications were re-
moved as mortality predictors in the model, O/E ratios and relative perform-
ance rankings changed significantly for the 31 New York hospitals that
perform bypass surgery. Hartz and Kuhn (1994) undertook a similar project to
Hannan et al. (1992), using a “clinically rich” database and a separate adminis-
trative database to develop sets of models for predicting mortality, major
complication, and “any complication” for CABG surgery patients. With these
models, they risk adjusted CABG patient outcomes in 10 hospitals and com-
pared hospital performance rankings associated with the two different sets of
models. None of the rank correlations were significant: 0.48 for mortality, 0.21
for major complications, and —0.14 for “any complication.”

STUDIES OF RANDOM MEASUREMENT
ERROR OF MORTALITY RATE INDICATORS

The earliest evidence that random variation in hospital mortality rates
might make quality inferences problematic was provided by Park et al. (1990).
As noted above, Park et al. determined that more than 80 percent of differ-
ences in adjusted mortality rates between high-outlier and low-outlier hospi-
tals were attributable to measurement error—to residual severity differences
and to random binomial variation in the outcome. As a part of the study, Park
et al. (1990) used simulation analysis to determine the proportion of overall
variation in hospital mortality rates potentially attributable simply to ran-
domness. Under the null hypothesis that all hospitals had the same underly-
ing age/sex/race mortality rates, they found that, depending on condition
(CHF or AMI) and mortality outcome (in-hospital or 30-day), random bino-
mial variation accounted for between 56 percent and 82 percent of differences
in observed hospital rates. Analysis of quality-of-care reviews for samples of
medical records at high-outlier and nonoutlier hospitals showed that “hospi-
tals targeted with unexpectedly high age-sex-race-disease-specific death rates
do not provide lower quality of care than do untargeted hospitals” (Park et al.
1990).

A slightly different conclusion was reached by Luft and Romano (1993),
who investigated year-to-year variation in risk-adjusted mortality rates
among California CABG surgery programs. With discharge data for the pe-
riod 1983 to 1989, Luft and Romano (1993) identified high-mortality outlier
hospitals based on analysis of consecutive 2-year periods and then investi-
gated whether these same hospitals remained as outliers 2 years later. Risk-
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adjusted mortality rates for 1989 were examined for hospitals that had been
identified as outliers based on analysis of 1986-1987 data, and similar analyses
were done for 1986, 1987, and 1988, focusing on hospital outliers identified
through analysis of data from 1983-1984, 1984-1985, and 1985-1986, respec-
tively. Analyses were performed separately using data for high-risk patients
(those in the highest quartile of expected mortality) and data for low-risk pa-
tients (those in the lowest quartile of predicted mortality). With high-risk
CABG patients, mortality rates for hospitals that had been identified as high-
outlier hospitals 2 years earlier were found to average 31 percent above ex-
pected levels. Mortality rates 2 years later in hospitals identified as low outliers
were 28 percent lower than expected. While these findings suggest persis-
tency over time in average risk-adjusted mortality rates for both low-outlier
and high-outlier hospitals, the data revealed significant variability among fa-
cilities. None of the high outliers selected using 1987 data were still significant
outliers in 1989, and casemix-adjusted mortality rates for some outlier hospi-
tals were lower than expected. For low-risk patients, Luft and Romano
(1993) found that mortality outlier status was not predictive of future hospi-
tal performance.

All of the empirical predictive validity studies reviewed in the section
above—DuBois et al. (1987); Park et al. (1990); Hannan et al. (1994), in Improv-
ing the Outcomes; and COSHPD (1996)—were designed to determine whether,
as a group, patients treated in high-mortality rate hospitals were at greater
risk of receiving poor-quality care than patients treated in low-mortality rate
hospitals. None of these studies attempted to ascertain whether or not indi-
vidual high-outlier hospitals were delivering poor-quality care. However,
this was the specific research question addressed in the three studies that fol-
low, two of which used Monte Carlo simulation and one an analytic model to
investigate the accuracy of identification of poor-quality hospitals using risk-
adjusted mortality rates. These methodologies allowed analysis of situations
in which no casemix differences existed among hospitals—that is, in which
risk adjustment was perfect—so that the only factors affecting hospitals’ ob-
served mortality rates were quality of care and random binomial variation.

In the first of these studies, Hofer and Hayward (1996) simulated a hypo-
thetical hospital system modeled on hospitals in the state of Michigan—the
same number of hospitals (191) and the same distribution of patients per hos-
pital. In this simulated system, patients died at an average rate of 13 percent
across all hospitals. Of the hospitals, 10 percent were designated arbitrarily by
Hofer and Hayward (1996) as poor-quality providers having high rates of pre-
ventable deaths. At the poor-quality hospitals, 12.5 percent of all medical pa-
tient deaths were considered preventable. For the other 90 percent of hospi-
tals—the average-quality providers—only 2.5 percent of deaths were



392 MCRG&R 55:4 (December 1998)

considered preventable. Because of quality differences, medical patients’ av-
erage mortality risks in poor-quality hospitals was 14.17 percent, compared
with 12.87 percent in average-quality hospitals. For each iteration of the simu-
lation model, an observed number of deaths were generated randomly for
each of the hospitals, and the 5 percent of hospitals with the highest mortality
rates, whether known to be poor-quality or average-quality hospitals, were
designated as high outliers. On the basis of more than 100 simulation itera-
tions, Hofer and Hayward (1996) found that only 35 percent of the poor-
quality hospitals were correctly identified as high outliers. They also found
that 48 percent of the hospitals identified as high outliers were not poor-
quality providers: that is, the sensitivity of mortality rate as a hospital quality
measure was determined to be 35 percent, and its predictive error was 48 per-
cent. When high-outlier status was defined on the basis of deaths in specific
diagnoses (AMI, CHF, stroke, pneumonia) rather than on all medical admis-
sions, because of lower patient volumes per hospital, sensitivity fell to less
than 10 percent and predictive error increased to more than 75 percent.

Zalkind (1997) used different assumptions from Hofer and Hayward (1996)
in his study, but his conclusions were quite similar. Zalkind (1997) simulated a
hypothetical hospital system in which underlying patient mortality risk was
12.0 percent in 5 percent of the hospitals (very poor-quality facilities), 11.5 per-
cent in 20 percent of the hospitals (poor-quality facilities), and an average of
9.8 percent in other hospitals. For simulation runs in which 200 patients were
treated in each hospital, he determined that average sensitivity was 9.3 per-
cent for very poor-quality hospitals and 11.0 percent for poor-quality hospi-
tals (trim point at the 95th percentile), and average predictive error was 60 per-
cent. Results were better with runs in which hospitals treated larger patient
volumes, but even with 1,000 patients per hospital average sensitivity was less
than 25 percent and predictive error was greater than 50 percent.

In the third study, Thomas and Hofer (forthcoming) used a six-parameter
analytic model to explore the effects of random binomial variation on hospi-
tals’ observed mortality rates. From RAND's Prospective Payment Evaluation
study (Rubenstein et al. 1990), they obtained values for three of the model pa-
rameters: the proportion of all patients treated who suffer poor-quality care
and patients’ mortality risks associated with both good-quality and poor-
quality care. Thomas and Hofer (forthcoming) referenced published hospital
report cards to obtain values for the fourth parameter, hospital patient vol-
ume. They obtained estimates for the other two parameters, proportion of
hospitals that deliver poor-quality care and patients’ relative risk of poor care
in those hospitals, from databases of the Texas Foundation for Medical Care,
Medicare’s PRO contractor for the state of Texas. The analytic model provided
an exact measure of the accuracy of mortality rate identification of poor-
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quality providers. It showed that fewer than 12 percent of poor-quality hospi-
tals (those in which patients’ risks of receiving poor-quality care were 4 times
greater than in average-quality hospitals) would be identified as high-mortality
rate outliers, and that more than 60 percent of the hospitals identified as high
outliers would actually be good-quality providers. Estimates for sensitivity
and predictive error for mortality rate identification of poor-quality hospitals
were shown to vary with assumptions about hospital volume, impact of qual-
ity on patients’ mortality risks, and other factors. Thomas and Hofer (forth-
coming) concluded, as did Hofer and Hayward (1996) and Zalkind (1997), that
under virtually all realistic assumptions, even perfectly risk-adjusted mortal-
ity rates are highly inaccurate indicators of hospital quality performance. Tho-
mas and Hofer (forthcoming) did identify one possible exception to this gen-
eral conclusion. The predictive error in New York State’s CABG surgery
mortality rate report could be as low as 20 percent—compared with error rates
of greater than 60 percent in other mortality data reports—because of both the
strong relationship between quality of care and patient mortality risk for
CABG surgery patients and the relatively high median volume of CABG sur-
gery in New York hospitals (N = 530).

PAPERS THAT INFER VALIDITY FROM OBSERVED
BEHAVIORAL RESPONSES TO PUBLIC RELEASE OF
HOSPITAL MORTALITY RATE DATA

Neither of the final articles included in this review attempts to demonstrate
the validity of mortality rate measures of quality directly. Instead, they pres-
ent evidence that publication of mortality rate data leads hospitals to improve
quality of care. Since such responses would be expected only if the published
data were valid, findings from these studies often are cited as evidence from
which the validity of mortality rate indicators of quality can be inferred.

Rosenthal, Quinn, and Harper (1997) investigated changes in mortality ex-
perience of northeastern Ohio hospitals following public release of perform-
ance data by the Cleveland Health Quality Choice program. With data on
more than 100,000 consecutive eligible discharges from 30 Cleveland area hos-
pitals, Rosenthal, Quinn, and Harper (1997) noted that average mortality rates
across eight diagnoses studied declined during four sequential reporting peri-
ods from 7.5 percent to 6.5 percent. For two individual diagnoses, the mortal-
ity rate declines were statistically significant—0.50 percent per period for CHF
and 0.38 percent per period for pneumonia. The authors commented that “al-
though changes in hospital care were not directly examined, the results sug-
gest that initiatives to examine provider performance may have a beneficial
impact on quality of care” (Rosenthal, Quinn, and Harper 1997).
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The approach of Rosenthal, Quinn, and Harper (1997) was similar in con-
cept to an earlier evaluation of the New York State CSRS performed by Hannan
and colleagues (Hannan et al., New York’s Cardiac Surgery, 1994; Hannan et al.,
Improving the Outcomes, 1994). Four years after NYSDOH began releasing
hospital-specific CABG surgery survival rate data to the public, actual mortal-
ity associated with the procedure had dropped 21 percent, from 3.52 percent
statewide in 1989 to 2.78 percent in 1992 (Hannan et al., Improving the Out-
comes, 1994). During this same period, measured severity of cases treated in-
creased 25 percent, so that, on a risk-adjusted basis, risk-adjusted CABG mor-
tality in New York dropped from 4.17 percent to 2.54 percent—a 41 percent
decline. Of the five hospitals identified as high-mortality outliers in 1989, all
demonstrated lower rates in 1990, 1991, and 1992. Hannan et al. (1994), in New
York’s Cardiac Surgery, trichotomized the 30 New York hospitals that per-
formed CABG surgery in 1989 into a higher-than-expected risk-adjusted mor-
tality group, an as-expected group, and a lower-than-expected group. From
1989 to 1992, risk-adjusted CABG mortality among the higher-than-expected
hospitals declined from 7.12 percent to 2.77 percent, a 61 percent decrease.
Mortality rate performance in the other two groups improved as well: from
4.24 percent in 1989 to 2.51 percent in 1992 among as-expected hospitals, a 41
percent reduction; and from 2.72 percent to 2.19 percent, a 19 percent reduc-
tion, among the lower-than-expected group of hospitals. Hannan and col-
leagues hypothesized that observed improvements in CABG were at least
partially attributable to quality improvements resulting from public release of
performance data. Hannan et al. (1994), in New York’s Cardiac Surgery, consid-
ered three alternative explanations for the findings observed:

¢ Mortality improvements in New York could simply be reflective of broader na-
tional patterns.

¢ Improvements could reflect intentional “upcoding” of patient severity by hospi-
tals to increase expected number of CABG deaths and thereby to reduce risk-
adjusted mortality rates.

e Improvements in New York CABG mortality rates could be the result of selec-
tion bias resulting from surgeons’ refusal to accept high-risk patients.

Hannan et al. (1990) concluded that the study’s findings were unlikely to have
been influenced by these factors. First, they noted that comparison of New
York CABG mortality rates with those from two other regions in the Northeast
indicated that New York's rates were lower than elsewhere. They also ob-
served that a medical record audit of 10 hospitals conducted by the New York
Department of Health revealed no systematic patterns of coding errors. In re-
sponse to the final concern, Hannan et al. (1994), in New York’s Cardiac Surgery,
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presented data indicating that risky patients were not being turned away.
During the first 4 years of the data release, CABG surgery volume in New
York hospitals increased 31 percent, and the “riskiness” of patients undergo-
ing CABG procedures, measured by the expected mortality rate, increased 25
percent during the period.

Other researchers, however, have recently begun to dispute these conclu-
sions. For example, Ghali et al. (1997) present data showing that in Massachu-
setts, a state in which mortality rate data are not published, risk-adjusted
CABG mortality declined from 1990 to 1994 at about the same rate as that
documented in Hannan et al. (1994), in Improving the Outcomes, for the equiva-
lent period. Green and Wintfeld (1995) also criticized the conclusions of Han-
nan et al. (1994), in New York’s Cardiac Surgery, for other reasons. One point
cited by Green and Wintfeld (1995) was that, contrary to NYSDOH medical
record audit findings, prevalence of risk factors included in the CSRS model
(renal failure, CHF, chronic obstructive pulmonary disease [COPD], unstable
angina, and low ejection fraction) showed large, sudden increases in preva-
lence after the initial public release of mortality data. From 1989 to 1991,
prevalence of renal failure among New York CABG patients went from 0.4
percent to 2.8 percent, prevalence of CHF went from 1.7 percent to 7.6 percent,
and prevalence of COPD went from 6.9 percent to 17.4 percent. At one hospi-
tal, prevalence of COPD went from 1.8 percent to 52.9 percent, and at another
hospital, prevalence of unstable angina went from 1.9 percent to 20.8 percent
(Green and Wintfeld 1995). Omoigui et al. (1996) have charged that improve-
ments in New York CABG mortality rates are at least partially due to out-
migration of the riskiest cases to other states, especially to Ohio, home of the
Cleveland Clinic. The accuracy of this claim is supported by evidence from
Schneider and Epstein (1996). Since 1992, the state of Pennsylvania has pro-
duced a CABG mortality report similar to that of New York. In a survey of
Pennsylvania cardiologists, Schneider and Epstein (1996) found that 59 per-
cent of respondents reported experiencing increased difficulty in finding sur-
geons willing to perform CABG surgery on very risky patients since imple-
mentation of the report. Of the cardiac surgeons responding to the survey, 63
percent indicated that they were less willing to operate on very risky patients
because of the report.

Accuracy of conclusions from Rosenthal, Quinn, and Harper (1997) and
studies by Hannan and colleagues are challenged on other grounds as well.
Patterns of improvement among mortality rate terciles, discussed by Hannan
et al. (1994), in New York’s Cardiac Surgery, almost certainly reflect the influ-
ence of regression to the mean. In fact, each of the studies is subject to virtually
all of the confounding factors listed by Campbell and Stanley (1963) as threats
to validity of quasi-experimental design studies. Because there were no con-
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trols, it is plausible that declines in mortality observed for pneumonia and
CHEF cases in northeastern Ohio and those for CABG cases in New York—as
Ghali et al. (1997) note—were attributable solely to general improvements in
clinical technology.

SUMMARY AND CONCLUSION

Methodologies for risk-adjusting outcomes are now widely available, and
evaluations of individual hospital performance in terms of mortality rates and
other outcomes are being produced and disseminated with increasing regu-
larity by state agencies, business coalitions, hospital associations, and com-
mercial vendors of health data. Despite the amount of resources devoted to
collecting, analyzing, and disseminating data, and despite continuing criti-
cisms of data accuracy, little attention has been given to questions about the
validity of quality performance information made available to the public.

The purpose of this article was to review research findings related to the
question of whether hospitals’ risk-adjusted mortality rates can be considered
valid as indicators of quality of care. Our conclusions are as follows:

EMPIRICAL STUDIES OF HOSPITAL-LEVEL
PROCESS-OUTCOME RELATIONSHIPS

The three studies that used regression or correlation analyses to investigate
relationships between hospitals’ risk-adjusted mortality rates and process-
based indicators of quality produced positive, but equivocal, results. Al-
though Williams (1979) found evidence of relationships between hospitals’
risk-adjusted mortality rates and quality-related structural and process char-
acteristics, the findings are difficult to generalize because of the stepwise
methodology used. For cardiac surgery, AMI, and pneumonia cases, Thomas
(1991) found significant hospital-level correlations between risk-adjusted
mortality rates and quality, but no significant relationships were found for
seven other conditions studied. While Hartz et al. (1993) found significant
positive correlations between hospitals’ overall risk-adjusted Medicare mor-
tality rates and rates of peer review quality problems in 14 states, they found
no similar relationships in 24 other states studied.

Findings from the five predictive validity studies reviewed in this article
are similarly equivocal. Knaus et al. (1986) noted important quality-related
clinical management differences between low-outlier and high-outlier ICUs;
but only 13 ICUs participated in this study, and judgments about unit quality
performance were post hoc. DuBois et al. (1987) reported finding significant
differences between preventable death rates of pneumonia patients treated in
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low-outlier and high-outlier hospitals. However, the finding is suspect be-
cause of the low reliability of preventable-death judgments by reviewers.
Also, DuBois et al. (1987) found no differences in preventable death rates for
AMI and stroke patients, and no differences among hospitals for any of the
conditions studied when quality was judged using explicit, condition-specific
criteria. Park et al. (1990) found that average-quality scores for CHF cases
treated in high-outlier hospitals were significantly lower than scores for pa-
tients treated in low-outlier hospitals. However, quality score differences for
AMI cases were not significant. Although a review of medical records in New
York (Hannan et al. 1990) showed a tenfold difference in quality problem rates
between high-mortality rate and low-mortality rate outlier hospitals, the
study involved only 63 patients, and the reported quality problem rate for
low-outlier hospitals (4.35 percent) represented only one case. The most ex-
tensive empirical validation to date of risk-adjusted mortality rates as indica-
tors of hospital quality is the study conducted by OSHPD (1996). Significant
differences were observed between low-outlier and high-outlier hospitals in
rates of compliance, with six explicit processes believed to relate to good-
quality care. However, rates of compliance with 12 other criteria were not dif-
ferent between the samples of hospitals.

STUDIES INVESTIGATING CONDITIONS THAT AFFECT
DEGREE OF VALIDITY OF MORTALITY RATE MEASURES

For mortality rates tobe valid as indicators of hospital quality performance,
it is necessary that a population-level relationship exists between quality of
care and patient mortality risk. The most credible evidence of such a relation-
ship was reported by Kahn et al. (1990), in Measuring Quality, and by Ruben-
stein et al. (1990). Using a highly reliable medical record review methodology,
Rubenstein et al. (1990) determined that cases that had received poor-quality
care were more than twice as likely to die than other cases. In a study of rela-
tionships between quality of care and patient mortality rates with Medicare
peer review data, Thomas (1991) found poor quality to be associated with sig-
nificantly higher mortality risk for patients admitted for cardiac surgery,
AM], cardiac arrhythmia, pneumonia, and femur/pelvic fractures. No
quality-mortality relationships were observed for five other diagnostic
groups studied.

Since the mid-1980s, when public reports of hospital mortality rates first be-
gan to appear, the greatest concern of both advocates and critics has been the
adequacy of risk adjustments used to control for systematic errors in hospital
mortality rates. In 1994, Iezzoni and colleagues summarized extensive litera-
ture on this issue (Iezzoni 1994). Since then, these researchers conducted addi-
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tional studies to investigate the reliability of mortality risk assessments. They
found, as summarized by Iezzoni (1997), that identification of hospitals as ei-
ther low—mortality rate outliers or high~mortality rate outliers is quite sensi-
tive to the specific methodology chosen to adjust for casemix and severity dif-
ferences among hospitals. Because many of the risk-adjustment
methodologies evaluated by Iezzoni and colleagues are currently used in hos-
pital report cards, it must follow that at least some published measures of hos-
pital mortality rate performance are inaccurate. Although substantial prog-
ress has been made in the past decade in risk-adjustment technology,
evidence suggests that risk-adjusted mortality rates are still subject to system-
atic measurement error.

In 1990, Park et al. provided evidence that observed hospital mortality rates
included significant amounts (56 percent to 82 percent) of random measure-
ment error. With multiple years of data on CABG mortality in California hos-
pitals, Luft and Romano (1993) showed that 2 years after identification as mor-
tality rate outliers, mortality rates among high-outlier hospitals averaged 31
percent higher than expected, and among low-mortality rate outliers 28 per-
cent lower than expected. However, Luft and Romano (1993) noted that rates
varied significantly among individual facilities and that no hospital identified
as an outlier with 1987 data remained an outlier in 1989. Other recent articles
have focused on the influence of random measurement error on accuracy of
identifying individual poor-quality hospitals. Findings from these studies
(Hofer and Hayward 1996; Zalkind 1997; Thomas and Hofer forthcoming)
suggest that, as an indicator of hospital quality performance, risk-adjusted
mortality rates are both insensitive and nonspecific. On average, even with
perfect risk adjustment, the indicator fails to identify 88 percent of the facilities
that deliver poor-quality care. Furthermore, 60 percent of high-mortality rate
outliers are falsely marked as poor-quality providers.

STUDIES IN WHICH VALIDITY OF MORTALITY RATE IS
INFERRED FROM OBSERVED BEHAVIORAL RESPONSES

Each of the studies reviewed in this section presented evidence that hospi-
tal mortality rates declined over time in response to publication of mortality
rate performance data (Hannan et al., Improving the Outcomes, 1994; Rosenthal,
Quinn, and Harper et al. 1997). In critiquing these articles, we noted that ex-
perimental design problems make both studies susceptible to virtually all of
the confounding factors identified by Campbell and Stanley (1963). While
raising interesting issues and stimulating constructive debate, findings from
these studies cannot be viewed as credible support for the validity of risk-
adjusted mortality rates as indicators of hospital quality-of-care performance.
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It is interesting to note that when identifying poor-quality hospitals on the
basis of risk-adjusted mortality rates, problems with systematic measurement
error and random measurement error can compound each other. Hofer and
Hayward (1996) found that with hospital mortality rates calculated on the ba-
sis of all medical admissions, the measure’s sensitivity for identifying poor-
quality hospitals was 35 percent and its predictive error was 48 percent.
However, when mortality rates were calculated separately for specific medi-
cal diagnoses, due to effects of smaller patient sample sizes, sensitivity
dropped to under 10 percent and predictive error increased to 75 percent. As a
strategy for increasing sample sizes and thereby reducing random measure-
ment error in hospital performance reports, some organizations now deter-
mine mortality rates for clusters of related diagnoses. For example, one report
(Michigan Hospital Association 1997) lists risk-adjusted mortality rates for a
combined group of medical diagnoses, including admissions for CHF, stroke,
pneumonia, chronic lung disease, and gastrointestinal bleeding; and for a
combined group of surgical admissions, including lung surgery, lower bowel
surgery, spine surgery, prostate surgery, and hysterectomy. However, while
potentially reducing random measurement error, this approach simultane-
ously increases systematic measurement error, since it involves combining
data on several measures, each subject to some degree of measurement error,
in proportions that differ from hospital to hospital. Although the increase in
systematic measurement error associated with clustering diagnoses might be
minimized through indirect standardization of diagnostic casemix across
hospitals, to our knowledge, this approach has not been used in hospital per-
formance reports.

In summary, our review suggests that patients who receive poor-quality
hospital care experience elevated mortality risks. We find also that, on aver-
age, patients treated in hospitals identified as high-mortality rate outliers
may be at somewhat greater risk of receiving poor-quality care than patients
treated in nonoutlier hospitals. Nevertheless, our principal finding supports the
recommendation of Sisk et al. (1990) for caution in using mortality rate as an
indicator of quality. Indeed, we feel compelled to make the statement even
stronger. At the beginning of this article, we posed three questions that can
now be answered quite simply.

1. Dohospitals that deliver poor-quality care experience higher risk-adjusted mor-
tality rates than other hospitals?
Yes.

2. Can we be confident that hospitals whose mortality rates are significantly
higher than expected are actually poor-quality providers?
No.
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3. For any two hospitals, is a difference in risk-adjusted mortality rates indicative
of a difference in quality performance?
No.

As shown here, evidence that supports the validity of mortality rates as meas-
ures of hospital quality is quite fragile, while evidence is quite strong that hos-
"pital mortality rates are subject to significant measurement error. Because the
number of published hospital performance reports continues to increase each
year, it appears that purchasers, data vendors, and many researchers continue
to overestimate the ability of available methodologies to adjust accurately for
differences in hospitals’ patient populations. It is also clear that they donot ade-
quately comprehend the impact of random measurement error on the validity
of mortality rate-based quality inferences. Jencks (1995) states that data for pub-
lic release “almost always require higher standards of rigor and proof” than
data used internally, for example, for quality improvement studies. Because
hospital mortality rate statistics do not meet even minimal standards for publi-
cation, mortality data reports do more to misinform than to inform the public. -

NOTES

1. A subset of findings from this report is published in Thomas, Holloway, and Guire
(1993).

2. We put necessary in quotes because the usual use of this term implies binary appli-
cation—conditions are either met or they are not met. McAuliffe (1984), quoted
above, notes that since no measure of an abstract concept can be perfectly valid, va-
lidity must be considered a matter of degree. The conditions that we identify in this
section influence the degree of validity possessed by a measure; they do not deter-
mine the presence or absence of validity.

3. This negative finding was considered partially attributable to the small number of
patient deaths in this diagnosis category.
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