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Background: The Joint Commission on Accreditation
of Healthcare Organizations and the Centers for Medicare and Medicaid Services recently began reporting on
quality of care for acute myocardial infarction, congestive heart failure, and pneumonia.
Methods: We linked performance data submitted for the
first half of 2004 to American Hospital Association data on
hospital characteristics. We created composite scales for
each disease and used factor analysis to identify 2 additional composites based on underlying domains of quality. We estimated logistic regression models to examine the
relationship between hospital characteristics and quality.
Results: Overall, 75.9% of patients hospitalized with these

conditions received recommended care. The mean composite scores and their associated interquartile ranges were
0.85 (0.81-0.95), 0.64 (0.52-0.78), and 0.88 (0.800.97) for acute myocardial infarction, congestive heart
failure, and pneumonia, respectively. After adjustment,
for-profit hospitals consistently underperformed notfor-profit hospitals for each condition, with odds ratios

(ORs) ranging from 0.79 (95% confidence interval [CI],
0.78-0.80) for the congestive heart failure composite measure to 0.90 (95% CI, 0.89-0.91) for the pneumonia composite. Major teaching hospitals had better performance
on the treatment and diagnosis composite (OR, 1.37; 95%
CI, 1.34-1.39) but worse performance on the counseling and prevention composite (OR, 0.83; 95% CI, 0.820.84). Hospitals with more technology available, higher
registered nurse staffing, and federal/military designation had higher performance.
Conclusions: Patients are more likely to receive high-

quality care in not-for-profit hospitals and in hospitals
with high registered nurse staffing ratios and more investment in technology. Because payments and sources
of payments affect some of these factors (eg, investments in technology and staffing ratios), policy makers
should evaluate the effect of alternative payment approaches on quality.
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UBLIC REPORTING OF STANdardized measures of quality
has become an important
component of quality improvement activities at national and local levels.1-3 Within the past
several years, national reporting activities
on hospitalized patients have begun. These
activities started with a pilot activity by the
Joint Commission on Accreditation of
Healthcare Organizations ( JCAHO) in
2001, which was expanded in January 2004
to require submission of monthly data for
JCAHO-accredited hospitals on performance measures across 3 of 5 selected disease conditions.4,5 In parallel, the Centers
for Medicare and Medicaid Services (CMS)
has disseminated performance data from
hospitals that participate in the Hospital
Quality Alliance.6 This program was significantly enhanced when the Medicare
Modernization Act of 2003 required that,
beginning in 2004, hospitals report their
performance on 10 measures in the areas
of congestive heart failure (CHF), acute
myocardial infarction (AMI), and pneu-
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monia to receive their full Medicare payment update. These CMS measures were selected to overlap with the larger set of
JCAHO measures in these areas. Although most hospitals participate in both
reporting initiatives, some selectively submit data to only 1 of the 2 organizations.
Recently, an analysis of hospitals reporting to the Hospital Quality Alliance
demonstrated significant variability in hospital quality by hospital referral region and
selected hospital characteristics.7 That
study, however, included data only from
the 10-measure CMS “starter set” and did
not include hospitals that reported data
only to the JCAHO. Thus, although results on reports from the JCAHO and CMS
are available on the Web on a hospitalby-hospital basis, to our knowledge, these
have not been analyzed jointly so as to obtain a complete national picture of quality from data available through both organizations. Nor have there been any
analyses with these data on the characteristics of hospitals associated with high
quality of care.
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Table 1. Description of Quality Measures
Collected by the JCAHO and the CMS
Measure Name

Description

AMI
Aspirin at arrival*
Aspirin prescribed at
discharge*
ACE inhibitor for LVSD*

Adult smoking cessation
advice/counseling†‡
␤-Blocker prescribed at
discharge*
␤-Blocker at arrival*

Thrombolysis within 30 min
of arrival†§

PTCA within 90 min of
arrival†§
CHF
Discharge instructions‡

LVF assessment*

ACE inhibitor for LVSD*

Adult smoking cessation
advice/counseling†‡
Pneumonia
Oxygenation assessment
Pneumococcal vaccination‡

Blood culture before first
antibiotic
Adult smoking cessation
advice/counseling†‡
Pediatric smoking cessation
advice/counseling‡
Initial antibiotic timing§

Receipt of aspirin within 24 h before
or after arrival
Prescribed aspirin at discharge
Patients with AMI and LVSD without
contraindications to ACE inhibition
who were prescribed an ACE
inhibitor at discharge
Smoking cessation advice or
counseling for smokers
Patients with AMI without
contraindications to beta-blockade
who were prescribed a ␤-blocker
at discharge
Patients with AMI without
contraindications to beta-blockade
who received a ␤-blocker within
24 h of arrival
Patients with AMI receiving
thrombolysis and having a time
from arrival to receipt within
30 min
Patients with AMI receiving PTCA
and having a time from arrival to
receipt within 90 min
Written instructions addressing
activity level, diet, medications,
follow-up appointments, weight
monitoring, and what to do if
symptoms worsen
Documentation that LVF was
assessed before, during, or
planned for after discharge
Patients with CHF and LVSD and
without contraindications to ACE
inhibition who were prescribed an
ACE inhibitor at discharge
Smoking cessation advice or
counseling for smokers
Blood oxygenation assessment
within 24 h of arrival
Patients aged ⱖ65 y screened for
vaccination status and vaccinated
if appropriate
Blood culture specimen collected
before receipt of antibiotics
Smoking cessation advice or
counseling
Smoking cessation advice or
counseling
Receive initial dose of antibiotic
within 4 h of arrival to the hospital

Abbreviations: ACE, angiotensin-converting enzyme; AMI, acute
myocardial infarction; CHF, congestive heart failure; CMS, Centers for
Medicare and Medicaid Services; JCAHO, Joint Commission on Accreditation
of Healthcare Organizations; LVF, left ventricular function; LVSD, left
ventricular systolic dysfunction; PTCA, percutaneous transluminal coronary
angioplasty.
*Measure is part of the treatment and diagnosis composite.
†These measures were collected for both quarters of 2004 for the JCAHO,
but only for the second quarter of 2004 for CMS.
‡Measure is part of the counseling and prevention composite.
§The JCAHO measures record the mean time elapsed to the procedure or
administration of an antibiotic or thrombolytic for all eligible patients,
whereas the CMS measures record whether the procedure or treatment
occurred within a recommended period for each individual patient.

In this study we linked performance data reported to
either the CMS or the JCAHO for the first half of 2004 from
more than 4000 hospitals to data on hospital characteristics obtained from the American Hospital Association
(AHA) National Survey of Hospitals to address 2 important questions. First, what is the quality of care in US hospitals for these 3 common medical conditions using the
expanded set of indicators available through the JCAHO.
Second, what hospital characteristics are associated with
high-quality performance? As a derivative of the first question, we also asked whether hospitals that provided high
quality for 1 condition were likely to do so for the other 2
and examined the extent to which indicators within and
across conditions offered a consistent picture of quality.
METHODS

SOURCES OF DATA
Hospital Quality Data
For each hospital that submitted clinical data to either organization, we obtained data for all relevant discharges during
January 1 through June 30, 2004.4,6 Because some of the CMS
measures were submitted only for the second quarter of 2004,
we preferentially used JCAHO data that were available for the
entire 6-month reporting period. Of note, both data sets included all eligible patients and not just those covered by Medicare. The JCAHO measures that we examined were selected from
a larger set of candidate measures under the direction of expert panels of nationally recognized physician leaders, and the
Hospital Quality Alliance measures were a subset of these. The
criteria for measure selection specified that the measure target
improvement in the health of populations and be precisely defined and specified, reliable, valid, and interpretable. The measures then underwent extensive pilot testing and validation by
the JCAHO, with most measures demonstrating agreement rates
of more than 90% on reabstractions done at a sample of hospitals.8 Samples of the CMS data are audited to ensure that the
data being reported are accurate and, through a quality improvement organization, the data are validated by reabstracting a sample of medical records.6,9 We focused on processes of
care for pneumonia, AMI, and CHF (Table 1). We excluded
from our analyses 3 measures in the JCAHO data that were reported at the hospital level rather than at the individual patient level. When available, we substituted results on similar
measures in the CMS data that were provided at the patient level.

AHA National Survey
We used the 2003 Annual Survey of Hospitals from the AHA
to define the population of hospitals operating in the United
States. 10 We restricted our analyses to general medical/
surgical hospitals and specialty “heart hospitals” (a small number) that focus on cardiovascular care. The survey data contain a core set of variables that are available for all hospitals in
the data set and an expanded set of variables for hospitals that
responded to the 2003 survey. The response rate for general
medical/surgical hospitals was approximately 90%.

LINKING PROCEDURES
We linked the CMS and JCAHO databases to the central AHA
database by using information contained within the files, as well
as logical algorithms that were based on hospital name and location supplemented by Internet searches and telephone calls.
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We successfully linked all but 181 of the hospitals. Of these,
111 were military or specialty hospitals (eg, psychiatric or orthopedic), 12 opened in 2003 or later, and 58 were present in
either or both of the JCAHO and CMS databases but no entry
could be identified in the AHA database.
For overlapping measures in the 2 databases, we identified
discrepancies in quality measures for fewer than 1% of the entries, suggesting that hospitals overwhelmingly submitted the
same data to both data sets. Differences generally occurred if
multiple hospitals in a system submitted aggregated data across
the system to either the CMS or the JCAHO. We attempted to
maintain the smallest reporting entity (eg, a single hospital instead of a system) from either source for our analyses.

Creating Functional Composite Measures
To perform the factor analysis, we first estimated a hospitallevel covariance matrix using a multilevel model that allowed
us to treat each hospital as if it had reported data on each measure. We used the principal factor method with oblique (Promax) rotation. The number of factors was chosen according to
an adapted version of Guttman’s criteria for factor selection.14
An item was initially assigned to a factor on which it had a factor loading of greater than 0.3, or to the factor with the highest loading. The resulting composites were then reviewed from
a clinical perspective to ensure that the consequent assignments were sensible, and labels were assigned to reflect the underlying functions represented by the composites.

DEFINITION OF COMPOSITE MEASURES
For analyses predicting quality of care, we used 2 distinct types
of composite measures. The first are disease-specific composite measures that were created using an “opportunity” score
approach. The disease-specific composites were constructed for
each hospital by dividing the sum of the number of opportunities met across all measures within a disease by the total number of opportunities.11
The second type of composite measure was based on the results of a factor analysis that included all of the measures from
each of the 3 conditions considered together. The factor analysis was used to identify those measures that were related to underlying domains of quality that were common to all 3 conditions; that is, these “functional” composites consisted of core
types of processes that crosscut multiple conditions.

HOSPITAL CHARACTERISTICS
Analyses linking quality to hospital characteristics included several items for all hospitals in the data set: number of beds, ownership (for-profit, not-for-profit, government, or military), region, metropolitan statistical area type (rural, small, medium, or
large), and teaching status (major teaching [member of the Council of Teaching Hospitals], minor teaching [any other medical
school affiliation or residency program], or nonteaching). In addition, for hospitals that responded to the 2003 AHA survey, we
included measures that assessed the availability of advanced technologies (eg, magnetic resonance imaging and positronemission tomography), nurse staffing patterns, and the number
of Medicaid and Medicare discharges. Nurse staffing levels were
calculated as the number of hours of care by a registered nurse
or licensed practical nurse per adjusted inpatient day based on
a standard work year of 2080 hours per full-time-equivalent nurse
(40 h/wk for 52 weeks). Nurse staffing levels and the proportion of admissions covered by Medicare and Medicaid were divided into quartiles. We used data from the expanded set of variables to create a technology index because of the collinearity
between the presence or absence of the individual technologies.12,13 The scale weighs the presence of a technology according to the percentage of hospitals that do not possess the technology and then creates an index based on the sum of these
weights for each hospital. The key attribute of this index is that
it increases with the addition of technologies that are rare.

STATISTICAL ANALYSES
We first compared hospitals participating in public reporting
to those not participating. We defined a hospital as participating if performance data on any indicator were submitted to the
JCAHO, the CMS, or both. We tested bivariate associations using 2-tailed t tests for continuous variables and 2 tests for categorical variables.

Measuring and Predicting Quality
For each individual and composite measure, we calculated the
mean performance and the 25th and 75th percentiles. We then
identified the top-performing quintile of hospitals for each of the
3 diseases and created cross-tabulations and correlations comparing top performers across the 3 disease-specific composites.
For analyses predicting quality performance, we analyzed
the disease-specific and functional composite measures for the
3627 hospitals (89.4% of reporting hospitals) that responded
to the AHA survey. To account for the varying number of opportunities across the sample of hospitals (largely because of
sample size differences), we fit a binary logistic model using
SAS statistical software (SAS Institute Inc, Cary, NC) to the
grouped hospital data that modeled the number of opportunities met in each hospital per total number of opportunities at
the hospital. This model is a random-effects logistic regression model that permitted the probability of a met opportunity to vary across hospitals. Logistic regression models were
estimated separately for each composite.
RESULTS

HOSPITAL CHARACTERISTICS
We identified 4856 general medical/surgical or specialty heart hospitals to include in our analyses. Of these,
3066 submitted data to both the JCAHO and the CMS,
771 submitted to the CMS only, and 222 submitted to
the JCAHO only, resulting in a total of 4059 hospitals
for which we had performance data. Military and Veterans Affairs hospitals submitted data to the JCAHO only.
The reporting hospitals were generally representative of
hospitals in the United States, although hospitals that were
small or located in rural areas or were nonteaching were
less likely to report to either data source (Table 2). In
aggregate, nonreporting hospitals accounted for fewer than
1.5% of hospital admissions nationally.
QUALITY OF CARE
Overall, hospitalized patients with these conditions received 75.9% of recommended processes of care. Performance on the individual measures varied considerably by
measure, ranging from a mean of 0.36 on thrombolytic
therapy administered within 30 minutes of arrival (interquartile range, 0.00-0.67) to a mean of 0.98 (interquartile
range, 0.98-1.00) for assessment of oxygenation for patients with pneumonia (Table 3). The mean composite
scores and their associated interquartile ranges for AMI,
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Table 2. Distribution of Characteristics for Hospitals
Participating and Not Participating in Performance
Reporting to Either the JCAHO or the CMS*

Hospital
Characteristic†
Ownership
Public/municipal
Private, not-for-profit
Private, for-profit
Federal/military
Region
Northeast
South
Midwest
West
JCAHO accredited
Teaching status
None
Minor
Major
MSA size
Rural
Small
Medium
Large
Proportion of Medicare
admissions, quartiles
0.00-0.39
0.39-0.47
0.47-0.56
0.56-0.83
Proportion of Medicaid
admissions, quartiles
0.00-0.08
0.08-0.15
0.15-0.19
0.19-0.53
No. of beds
⬍25
25-49
50-99
100-199
ⱖ200

Table 3. Performance on Quality Indicators for AMI, CHF,
and Pneumonia Using Data From the JCAHO or the CMS

Proportion of Hospitals
With Each Characteristic
Reporting or Not
Reporting Data

Proportion
of All
Hospitals
(N = 4856)‡

Nonreporting
(n = 797)

Reporting
(n = 4059)

22.9
58.2
14.3
4.5

30.0
11.7
14.5
14.1

70.0
88.3
85.5
85.9

13.2
38.2
29.2
19.3
72.1

6.4
13.7
22.0
20.1
4.1

93.6
86.3
78.0
79.9
95.9

77.1
15.8
7.1

20.0
5.6
1.2

80.0
94.4
98.8

45.8
8.9
16.9
28.3

26.8
9.9
6.3
7.7

73.2
90.1
93.7
92.3

24.9
24.8
25.1
25.2

8.8
7.5
16.3
32.7

91.2
92.5
83.7
67.3

25.0
25.3
24.8
24.9

23.0
18.9
13.2
10.5

77.0
81.1
86.8
89.5

7.2
19.4
20.0
23.9
29.5

60.1
32.5
18.8
6.6
1.5

39.9
67.5
81.2
93.4
98.5

Quality Indicator

Abbreviations: See Table 1; MSA, metropolitan statistical area.
*Data are presented as percentages. For each characteristic, the overall
P value for the difference between reporting and nonreporting hospitals is
statistically significant at P⬍.001.
†Because of rounding, some quartiles appear to overlap.
‡Because of rounding, proportions may not total 100.

CHF, and pneumonia were 0.85 (0.81-0.95), 0.64 (0.520.78), and 0.88 (0.80-0.97), respectively (higher values corresponded to better quality of care). When hospitals were
grouped into quintiles of performance, 10.5% of them were
in the top quintile for 2 of the 3 diseases, and only 3.8%
were in the top quintile for all 3 diseases. Correlations of
performance among the 3 disease-specific composite measures were generally low, ranging from 0.12 (for pneumonia and CHF) to 0.42 (for AMI and CHF) (data not shown).
The factor analyses suggested that 2 underlying domains of quality spanned across the 3 conditions. The first
factor, treatment and diagnosis (Cronbach ␣=0.92), includes items such as aspirin at arrival for AMI and assess-

No. of
Hospitals
Reporting

Mean
Performance
Score
(25th-75th
Percentile)*

Mean No. of
Patients or
Opportunities
per Hospital
(25th-75th
Percentile)†

3360
3259

0.91 (0.89-1.00)
0.87 (0.83-1.00)

58 (11-84)
66 (5-84)

2708
2360

0.76 (0.67-1.00)
0.72 (0.56-1.00)

19 (3-24)
28 (2-39)

3270

0.85 (0.80-1.00)

66 (5-84)

3357
371

0.84 (0.78-0.97)
0.36 (0.00-0.67)

51 (10-74)
3 (1-4)

328

0.38 (0.19-0.57)

11 (6-15)

AMI
Aspirin at arrival‡
Aspirin prescribed at
discharge‡
ACE inhibitor for LVSD‡
Adult smoking cessation
advice/counseling§
␤-Blocker prescribed at
discharge‡
␤-Blocker at arrival‡
Time to thrombolysis,
ⱕ30 min‡
Time to PTCA, ⱕ90 min 㛳
CHF
Discharge instructions§
LVF assessment‡
ACE inhibitor for LVSD‡
Adult smoking cessation
advice/counseling§ 㛳
Pneumonia
Oxygenation assessment
Pneumococcal
vaccination§
Blood culture before first
antibiotic
Smoking cessation
advice/counseling§
Initial antibiotic timing,
ⱕ4 h
Composite measures
(disease-specific and
functional)
AMI
CHF
Pneumonia
Treatment and
diagnosis
Counseling and
prevention

3319
3575
3402
3134

0.43 (0.15-0.68) 104 (26-150)
0.78 (0.70-0.93) 126 (32-182)
0.74 (0.64-0.89) 44 (9-62)
0.62 (0.40-0.89) 22 (6-30)

3595
3582

0.98 (0.98-1.00) 138 (53-199)
0.44 (0.20-0.66) 76 (30-107)

3280

0.82 (0.76-0.90)

1365

0.40 (0.00-0.75)

3448

0.73 (0.65-0.83) 136 (53-196)

3378
3575
3595
3590

0.85 (0.81-0.95)
0.64 (0.52-0.78)
0.88 (0.80-0.97)
0.80 (0.75-0.92)

3619

0.58 (0.47-0.70) 358 (115-522)

99 (35-144)
6 (2-8)

272 (32-370)
283 (64-414)
391 (146-562)
404 (66-578)

Abbreviations: See Table 1.
*Performance scores were calculated by dividing the number of
opportunities met by the total number of opportunities.
†For the single measures for the 3 diseases, the data in this column
represent the mean number of patients (25th-75th percentile). However, for the
composite measures (bottom of table), this column represents the mean
number of opportunities for the composite measures (25th-75th percentile).
‡Measure is part of the treatment and diagnosis composite.
§Measure is part of the counseling and prevention composite.
㛳These measures were collected for both quarters of 2004 for the JCAHO but
only for the second quarter of 2004 for the CMS.

ment of left ventricular function for CHF. The second factor, counseling and prevention (Cronbach ␣ = 0.83),
contains items such as smoking cessation advice and discharge instructions for CHF. The items included in each
factor are indicated in the footnotes to Table 3.
MULTIVARIATE PREDICTORS OF QUALITY
After multivariate adjustment (Table 4), for-profit hospitals consistently performed worse than not-for-profit
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Table 4. Multivariate Predictors of Performance for Disease-Specific and Functional Composites
Adjusted Odds Ratios (95% Confidence Interval)
Opportunities Met for the Disease-Specific Composite
Measures
Variable*
Hospital type
Private, not-for-profit
Public/municipal
Private, for-profit
Federal/military
Region
Midwest
Northeast
South
West
JCAHO accreditation
No
Yes
Teaching status
None
Minor
Major
MSA size
Small
Rural
Medium
Large
No. of beds
ⱖ200
6-24
25-49
50-99
100-199
Medicare discharges per admission, quartiles†
0.00-0.39
0.39-0.47
0.47-0.56
0.56-0.83
Medicaid discharges per admission, quartiles†
0.00-0.08
0.08-0.15
0.15-0.19
0.19-0.53
Technology index, quartiles‡
0.00-1.38
1.39-2.35
2.36-3.70
3.71-6.73
RN hours per adjusted inpatient day,
quartiles†
0.00-3.04
3.04-4.77
4.77-6.41
6.41-18.99
LPN hours per adjusted inpatient day,
quartiles†
0.00-0.34
0.34-0.75
0.75-1.47
1.47-5.81

Opportunities Met for the Functional
Composite Measures

AMI

CHF

Pneumonia

Treatment
and Diagnosis

Counseling
and Prevention

1.00
0.88 (0.86-0.90)
0.88 (0.86-0.90)
2.57 (2.27-2.91)

1.00
0.88 (0.87-0.89)
0.79 (0.78-0.80)
3.89 (3.68-4.11)

1.00
0.96 (0.95-0.97)
0.90 (0.89-0.91)
2.70 (2.56-2.86)

1.00
0.94 (0.92-0.96)
0.86 (0.85-0.87)
3.18 (2.91-3.49)

1.00
0.88 (0.87-0.89)
0.82 (0.81-0.83)
3.91 (3.72-4.11)

1.00
1.00 (0.97-1.02)
0.81 (0.80-0.83)
0.93 (0.91-0.96)

1.00
0.90 (0.89-0.91)
0.83 (0.82-0.84)
0.72 (0.71-0.73)

1.00
0.91 (0.90-0.92)
0.89 (0.88-0.90)
0.81 (0.80-0.82)

1.00
1.01 (0.99-1.02)
0.82 (0.80-0.83)
0.92 (0.90-0.94)

1.00
0.83 (0.82-0.84)
0.84 (0.84-0.85)
0.69 (0.68-0.69)

1.00
1.32 (1.26-1.37)

1.00
1.43 (1.39-1.47)

1.00
1.18 (1.16-1.20)

1.00
1.25 (1.22-1.29)

1.00
1.40 (1.37-1.42)

1.00
1.05 (1.03-1.07)
1.24 (1.21-1.27)

1.00
0.95 (0.94-0.96)
0.96 (0.94-0.97)

1.00
0.92 (0.92-0.93)
0.86 (0.84-0.87)

1.00
1.10 (1.08-1.11)
1.37 (1.34-1.39)

1.00
0.88 (0.87-0.89)
0.83 (0.82-0.84)

1.00
0.83 (0.80-0.85)
0.92 (0.90-0.94)
0.90 (0.87-0.92)

1.00
0.85 (0.84-0.87)
1.04 (1.02-1.06)
0.98 (0.97-1.00)

1.00
1.06 (1.04-1.07)
0.98 (0.96-0.99)
0.93 (0.92-0.94)

1.00
0.74 (0.72-0.75)
0.96 (0.95-0.98)
0.94 (0.92-0.95)

1.00
1.07 (1.06-1.09)
0.99 (0.97-1.00)
0.87 (0.86-0.88)

1.00
0.81 (0.70-0.93)
0.65 (0.61-0.69)
0.89 (0.86-0.92)
0.90 (0.88-0.92)

1.00
0.81 (0.75-0.87)
0.78 (0.75-0.80)
0.92 (0.90-0.94)
0.99 (0.98-1.00)

1.00
1.08 (1.03-1.14)
1.07 (1.05-1.10)
1.11 (1.09-1.12)
1.04 (1.03-1.05)

1.00
0.50 (0.46-0.54)
0.60 (0.58-0.62)
0.83 (0.81-0.85)
0.93 (0.92-0.95)

1.00
1.29 (1.22-1.36)
1.11 (1.09-1.14)
1.11 (1.09-1.13)
1.03 (1.02-1.04)

1.00
1.00 (0.98-1.02)
0.93 (0.91-0.95)
0.86 (0.83-0.88)

1.00
0.98 (0.96-0.99)
0.98 (0.97-0.99)
0.97 (0.95-0.98)

1.00
1.03 (1.02-1.04)
1.03 (1.02-1.04)
1.03 (1.01-1.04)

1.00
0.95 (0.94-0.97)
0.92 (0.91-0.94)
0.84 (0.82-0.86)

1.00
1.03 (1.02-1.04)
1.03 (1.01-1.04)
1.04 (1.03-1.06)

1.00
0.92 (0.90-0.94)
0.88 (0.86-0.90)
0.73 (0.72-0.75)

1.00
0.95 (0.94-0.97)
0.94 (0.92-0.95)
0.82 (0.81-0.84)

1.00
0.99 (0.98-1.00)
0.95 (0.94-0.96)
0.88 (0.87-0.89)

1.00
0.92 (0.90-0.93)
0.88 (0.87-0.90)
0.73 (0.72-0.75)

1.00
0.99 (0.98-1.01)
0.95 (0.94-0.96)
0.83 (0.82-0.84)

1.00
1.04 (1.01-1.08)
1.15 (1.11-1.18)
1.23 (1.20-1.28)

1.00
1.14 (1.12-1.17)
1.19 (1.17-1.21)
1.18 (1.15-1.20)

1.00
1.02 (1.01-1.04)
1.01 (0.99-1.02)
0.99 (0.97-1.00)

1.00
1.11 (1.09-1.14)
1.23 (1.20-1.26)
1.29 (1.26-1.32)

1.00
1.06 (1.05-1.08)
1.06 (1.04-1.07)
1.06 (1.04-1.08)

1.00
0.98 (0.95-1.00)
1.06 (1.03-1.09)
1.12 (1.08-1.15)

1.00
1.02 (1.00-1.04)
1.10 (1.09-1.12)
1.17 (1.15-1.19)

1.00
1.01 (1.00-1.02)
1.05 (1.03-1.06)
1.07 (1.05-1.08)

1.00
1.04 (1.02-1.06)
1.13 (1.10-1.15)
1.22 (1.19-1.24)

1.00
0.98 (0.97-0.99)
1.07 (1.06-1.08)
1.10 (1.09-1.12)

1.00
0.82 (0.80-0.83)
0.84 (0.83-0.86)
0.81 (0.79-0.83)

1.00
0.92 (0.91-0.93)
0.92 (0.91-0.93)
0.88 (0.87-0.90)

1.00
0.95 (0.94-0.96)
0.97 (0.96-0.98)
0.97 (0.96-0.99)

1.00
0.84 (0.82-0.85)
0.87 (0.86-0.88)
0.82 (0.80-0.84)

1.00
0.94 (0.93-0.94)
0.93 (0.92-0.94)
0.95 (0.93-0.96)

Abbreviations: See Table 1; LPN, licensed practical nurse; MSA, metropolitan statistical area; RN, registered nurse.
*For variables broken into quartiles, the fourth quartile is the highest. Because of rounding, some quartiles appear to overlap.
†The fourth quartile range is trimmed at the 99th percentile to eliminate outliers.
‡The technology index includes obstetrics, medical/surgical intensive care unit, cardiac intensive care unit, emergency department, trauma center, open heart
surgery, radiation therapy, computed tomography, diagnostic radiology, magnetic resonance imaging, positron-emission tomography, single-photon emission
computed tomography, ultrasonography, and transplantation service.
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Table 5. Differences in Available Technology Between
Hospitals in the Bottom Quartile and Top Quartile
of the Technology Index*
Hospitals With
Technology, %

Technology
Clinical services and procedures
Obstetrics
Medical/surgical intensive care unit
Emergency department
Trauma center
Radiation therapy
Transplantation service
Open heart surgery
Cardiac intensive care unit
Diagnostic services
Diagnostic radiology facilities
Ultrasonography
Computed tomography
Magnetic resonance imaging
Positron-emission tomography
Single-photon emission computed
tomography

Bottom
Quartile
(n = 904)

Top
Quartile
(n = 900)

39.8
43.5
83.2
10.8
0.3
0
0
3.8

92.8
98.6
99.7
66.1
85.0
31.9
79.8
83.6

25.8
75.3
78.4
26.0
0
1.4

96.8
99.8
99.2
93.7
59.8
82.9

*P⬍.001 for all comparisons.

hospitals for each condition, with odds ratios (ORs) ranging from 0.79 (95% confidence interval [CI], 0.78-0.80)
for the CHF composite measure to 0.90 (95% CI, 0.890.91) for the pneumonia composite. In contrast, federal
and military hospitals consistently had the highest performance, as did hospitals accredited by the JCAHO. The
performance for rural hospitals was lower for AMI and
CHF but higher for pneumonia.
Quality according to teaching status and number of beds
was variable. Compared with nonteaching hospitals, major teaching hospitals provided higher quality for patients with AMI but not for CHF or pneumonia. They also
had higher quality for the treatment and diagnosis composite (OR, 1.37; 95% CI, 1.34-1.39), but lower performance on the counseling and prevention composite (OR,
0.83; 95% CI, 0.82-0.84). As the share of Medicaid patients increased, performance decreased. Hospitals with
more (vs less) technology available had higher performance, with the strongest relationship being with the treatment and diagnosis composite score (OR, 1.29; 95% CI,
1.26-1.32 for the highest quartile). Typical differences in
specific technologies between hospitals in the highest quartile of the technology index and those in the lowest quartile are presented in Table 5. Finally, higher registered
nurse staffing patterns were associated with higherquality care on all of the measures examined, whereas increased licensed practical nurse staffing was associated with
lower performance (Table 4).
COMMENT

We evaluated the quality of hospital care in 2004 for 3 diseases in more than 4000 hospitals and include data from

both the JCAHO and the CMS, as well as 7 additional measures that, to our knowledge, have not been previously reported. Overall, hospitalized patients in the United States
with AMI, CHF, and pneumonia received 76% of recommended processes of care, somewhat higher than that observed in outpatient settings.15 Our data also indicate that
quality performance across the 3 conditions was not highly
correlated, although approximately 15% of hospitals were
in the top quintile of quality performance for at least 2 of
the 3 diseases. This fact alone indicates the difficulty in
making a generic rating about the quality of a hospital. A
hospital that is best in one sphere may not be in another.
Because these data indicate the need for substantial
improvement, we identified correlates of good care. Our
data demonstrate that quality of care is best for hospitals that invest in technology, for federal and military hospitals, and for hospitals with high levels of registered nurse
staffing. Conversely, for-profit hospitals and hospitals that
served greater proportions of Medicaid patients had low
quality across all of the conditions studied. Finally, the
results of our factor analysis suggest that quality performance may vary more by functional roles in the hospital, such as treatment and diagnosis vs counseling and
prevention, than by the particular disease being treated.
Consequently, efforts to improve quality in hospitals
should focus on core competencies that can improve care
across multiple diagnoses.
Our study supports the importance of adequate nursing care to quality.16-18 Previous studies of nurse staffing
have focused on outcomes or complication rates derived from administrative claims. For instance, Needleman and colleagues 17 demonstrated an association
between nurse staffing patterns and mortality and complications. Our data on processes of care support these
associations and suggest potential processes through
which they operate. Nurses, as the primary caregivers for
hospitalized patients, provide a crucial link between physicians and patients, and high levels of nurse staffing also
allow for more counseling and other duties to be performed by nurses. Also consistent with the published literature, hospital ownership and teaching status were significantly related to performance across each of the 3
conditions we examined.19-23
Our findings have implications for both policy and patient choice. From a policy perspective, several features
of hospitals that were associated with quality performance are not remediable except through changes in policy.
For instance, some regions of the country and rural locations were generally associated with low performance.24
Patients living in rural areas have little in the way of choice
of hospitals without traveling long distances, and patients in low-performing regions of the country are unlikely to travel to other regions for their medical care. Additional resources aimed at bolstering performance in these
parts of the country could mitigate against this finding.
Conversely, other characteristics of hospitals, including
ownership, teaching status, JCAHO accreditation, and investments in technology and nursing, were also strongly
related to performance, and these characteristics are often remediable and can be used to influence patient choice.
Because a large percentage of the federal and military hospitals are part of the Veterans Health Administration, les-
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sons learned from their decade-long experience in quality improvement likely deserve further study.25
Our study is subject to several limitations. First, although we studied quality of care for 3 medical conditions that account for a sizable number of medical discharges, treatments such as surgery are not represented
in these data. Second, hospitals in our study were scored
on the basis of a number of measures for which they qualified, without adjustment for disease or case mix at the individual hospitals. Consequently, there might have been
differences based on case mix or severity that were not captured in our data. However, these measures were designed with specific exclusion and inclusion criteria so that
all suitable candidates were eligible for the measure. Third,
a substantial number of hospitals did not report data to
either data set. We note, however, that these hospitals provide care for fewer than 1.5% of hospital admissions nationally. Fourth, our data are cross-sectional in nature.
Thus, the associations we report are not proof of causality. Finally, the measures of quality that we examined have
been the focus of national attention, and improvement in
quality using these measures has already been demonstrated.26,27 However, the extent to which these data are
indicative of quality for other conditions is unknown.28,29
Our study results indicate that hospitalized patients
with pneumonia, CHF, and AMI receive about 76% of
the recommended processes of care we studied. This rate
is higher than that previously observed for outpatient care;
however, substantial gaps in performance still exist. Our
results also suggest that characteristics of hospitals, including ownership, teaching status, location, and accreditation, are significant predictors of performance. Efforts to improve hospital quality that focus on domains
of treatment that apply across multiple types of conditions are likely to have more impact than efforts aimed
at improving quality for a single condition.
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