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Abstract
Background—Evidence shows that high Medicare spending is not associated with better health
outcomes at a regional level, and that high spending in hospitals is not associated with better
process quality. But the relationship between hospital spending and inpatient mortality is less well
understood.

Objective—To determine the association between hospital spending and risk-adjusted inpatient
mortality.

Design—Retrospective cohort study.

Setting—Database of discharge records from 1999–2008 for 208 California hospitals included in
the Dartmouth Atlas of Health Care

Patients—2,545,352 patients hospitalized during 1999–2008 with one of six major medical
conditions.

Measurements—Inpatient mortality rates among patients admitted to hospitals with varying
levels of end-of-life hospital spending.

Results—For each of six admitting diagnoses – acute myocardial infarction, congestive heart
failure, acute stroke, gastrointestinal hemorrhage, hip fracture, and pneumonia – patient admission
to higher-spending hospitals was associated with lower risk-adjusted inpatient mortality. During
1999–2003, for example, patients admitted with acute myocardial infarction to California hospitals
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in the highest quintile of hospital spending had lower inpatient mortality than those admitted to
hospitals in the lowest quintile (odds ratio of mortality 0.862, 95% confidence interval 0.742–
0.983). Predicted inpatient deaths would increase by 1,831 if all patients admitted with acute
myocardial infarction were cared for in hospitals in the lowest quintile of spending rather than the
highest. The association between hospital spending and inpatient mortality did not vary by
geographic region or hospital size.

Limitations—Unobserved predictors of mortality create uncertainty about whether greater
inpatient hospital spending leads to lower inpatient mortality.

Conclusion—Hospitals that spend more at the end of life have lower inpatient mortality for a
variety of major admitting medical conditions.

Primary funding source—National Institute on Aging, RAND Bing Center for Health
Economics

A convincing set of studies demonstrate that U.S. regions which spend more on medical care
have similar or poorer patient outcomes compared to lower spending areas.(1, 2) Regions
vary widely in both spending and quality of care, with high spending regions engaging in
more use of specialists, diagnostic tests and imaging, and inpatient hospital care, yet
generally producing no better care.(2) The implication of these studies for health care reform
and for curbing growth in health care spending is heavily debated.(3–6)

Examining variation in total medical spending across regions provides an informative
overall picture; however, medical spending may lead to better patient outcomes in some
circumstances (e.g. inpatient hospital spending) while not in others.(7) For example, a recent
study of six California teaching hospitals found that patients with congestive heart failure
(CHF) had lower mortality when treated at hospitals where lengths of stay and total costs
were higher.(7) A related study of Pennsylvania acute care hospitals demonstrated that
patients in hospitals with higher intensity in end-of-life treatment (e.g. intensive care unit
admission, mechanical ventilation, etc.) experienced lower rates of post-admission mortality.
(8)

Building on this prior work, we analyzed the association between hospital spending – the
sum of spending on inpatient physician visits, hospital room charges, laboratory testing,
diagnostic imaging, medication administration, and procedures – and inpatient mortality for
the periods 1999–2003 and 2004–2008 for six major medical conditions in 208 California
hospitals. For 1999–2003, we used overall hospital spending during the last two years of life
of Medicare fee-for-service beneficiaries, drawing on the most recent Dartmouth Atlas.
Hospital spending in the Dartmouth Atlas does not vary by medical condition. For 2004–
2008, a period for which Dartmouth Atlas hospital spending was unavailable, we computed
diagnosis-specific hospital- level spending based on patients who died while hospitalized.
For each diagnosis in each time period, we estimated patient-level logistic models of the
association between hospital spending and inpatient hospital mortality. In addition to patient
socio-demographic and hospital/region factors, we used validated risk-adjustment models
developed by the Agency for Healthcare Research and Quality (AHRQ) to account for
underlying co-morbidities affecting inpatient mortality.

METHODS
We analyzed hospital spending and inpatient mortality in 208 California hospitals for the
periods 1999–2003 and 2004–2008. We selected all California hospitals that were included
in the most recent Dartmouth Atlas, which reported hospital spending measures for 1999–
2003. Whether or not a hospital was included in the Atlas, and therefore in our study, was
based on the number of Medicare fee-for-service beneficiaries admitted to that hospital. Our

Romley et al. Page 2

Ann Intern Med. Author manuscript; available in PMC 2013 September 24.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



sample of hospitals accounted for about 2/3 of all California discharges over the study
periods.

Sample
We studied six medical conditions: acute myocardial infarction (AMI), CHF, acute stroke,
gastrointestinal hemorrhage, hip fracture, and pneumonia. These conditions were chosen
because the processes of care associated with them are important inpatient quality
indicators(9), the acute conditions themselves are closely related to chronic conditions in the
Dartmouth Atlas, and the conditions comprised a substantial portion of all admissions in the
hospitals studied (11% during 1999–2003 and 10% during 2004–2008).

We identified all admissions during 1999–2003 and 2004–2008 based on de-identified
discharge records from the California Office of Statewide Health Planning and
Development. These de-identified data were determined to be exempt from human-subjects
review by the institutional review board at the RAND Corporation. In addition to a hospital
ID, each discharge record included patient age, gender, admission year and quarter,
International Classification of Disease Version 9 (ICD-9) codes for principal and secondary
diagnoses and procedures, disposition (e.g., in-hospital death), charges, and 5-digit zip-code
of residence. Following prior research(10), we linked each discharge record to patient zip-
code level socio-demographic data from the 2000 Census, including: median household
income, average Social Security income, percent poor, percent employed, percent with less
than a high-school education, percent Hispanic, percent single, percent urban, percent
elderly, percent elderly living in institutions, and percent of the non-institutionalized elderly
with various disabilities. We then created diagnosis-specific patient samples for each
hospital from ICD-9 discharge codes, according to the criteria of the AHRQ Inpatient
Quality Indicators (Version 3.2, AHRQ, Rockville, Maryland). Patients admitted with AMI
included transfers from other hospitals; our results were unchanged when transfers were
excluded.

Inpatient spending
For 1999–2003, we took average hospital spending from the 2008 Dartmouth Atlas of
Health Care.(11) This edition tracked spending in the last two years of life among fee-for-
service Medicare patients with at least 1 of 9 severe chronic illnesses. Because patients at
the end of life are arguably similar in the overall severity of illness, hospital spending
measures that focus on end-of-life spending are more closely related to a hospital’s overall
approach to spending and care rather than to the severity of its patients’ illnesses.(2, 11) The
Dartmouth Atlas calculates hospital spending by assigning patients to the hospital at which
most inpatient care was received.(11, 12) The measure includes reimbursements to the
hospital and physicians and is adjusted for age, sex, race and primary chronic diagnosis; it is
not disease-specific. In an Appendix, we examined the relationship between inpatient
mortality and a surrogate measure of end of life hospital care based on the number of days a
patient spent in the hospital and the number of inpatient physician visits received over the
last two years of life (Dartmouth Hospital Care Intensity index).(11) By focusing on specific
aspects of care rather than spending, this measure is not directly affected by geographic
variation in price adjustments and Medicare disproportionate share payments. (11, 13, 14)

For the period 2004–2008, Dartmouth hospital spending estimates were unavailable. We
therefore used hospital charges to compute disease-specific median hospital spending for
patients admitted with one of six diagnoses who died while hospitalized. Because patients
could not be linked across hospital admissions, costs were from the final hospitalization
rather than total costs for these decedents in the last two years of life. We assumed
unmeasured severity of illness to be comparable among patients who died while
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hospitalized, acknowledging that this is an imperfect way to adjust for mortality risk—
particularly if sicker patients migrate towards intensive tertiary care hospitals. We used
hospital-specific cost-to-charge ratios to convert hospital charges to costs. Hospital spending
for the period 2004–2008 was therefore disease-specific, while spending during 1999–2003
was not. For both 1999–2003 and 2004–2008, we converted spending to 2001 dollars using
the producer price index for general medical and surgical hospitals.

Other controls
We linked patient discharges to hospital- and region-level data including: hospital size,
teaching status(10) (reported in the American Hospital Association’s Annual Survey(15)),
quartile of discharge volume by condition(10), and quartile of managed-care penetration
(based on hospital discharges) in the Dartmouth hospital referral region.(1, 10)

Analysis
For each diagnosis in each time period, we estimated patient-level logistic models of the
following form:

Where:

Deathi,h = Indicator for death of patient i in hospital h

pred_mortalityi = AHRQ patient-level predicted mortality risk

spendingh = Hospital spending in hospital h

Spending varied at the hospital level (spendingh) and was divided into quintiles(10); we
considered linear and quadratic specifications in sensitivity analysis. For 1999–2003,
hospital spending (from Dartmouth Atlas) was not disease-specific, whereas it was for
2004–2008.

For patients admitted with each disease, we accounted for underlying health risks affecting
inpatient mortality by applying risk parameters from a validated AHRQ risk-adjustment
tool.(7) The AHRQ risk-parameters are estimated from national discharge data and can be
applied to other discharge data to predict diagnosis-specific inpatient mortality for each
patient. We applied the AHRQ risk parameters to each patient in the California discharge
data to obtain patient-level predicted mortality (pred_mortalityi) based on a patient’s age
category (e.g., 55–59), gender (interacted with age), and relevant diagnoses and procedure
codes for the admitting diagnosis. The advantage of applying AHRQ’s risk parameters
(rather than directly estimating them from the California data) was that the AHRQ model
estimated risk parameters from nationally representative data. In addition to adjusting for
predicted mortality, we adjusted for the number of Charlson-Deyo co-morbidities(10, 16),
zip code level-socio-demographic factors based on zip code of residence(10), and year of
discharge. Hospital and regional factors were described earlier. A sensitivity analysis used
indicator variables for hospital referral regions to allow for geographic differences in
physician practice patterns that could affect spending as well as inpatient mortality(17, 18);
this analysis also controls for regional differences in diagnostic practices.(19) STATA
version 11 (STATA Corp, College Station, Texas) was used for statistical analyses and the
95% CI reflects 0.025 in each tail, or P ≤.05.

We predicted for each diagnosis and time period the number of lives saved if all patients in
the sample had been admitted to hospitals in the top spending quintile versus the bottom.(20)

Romley et al. Page 4

Ann Intern Med. Author manuscript; available in PMC 2013 September 24.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Lives saved were calculated by multiplying the total number of admissions to hospitals
studied by the absolute difference in predicted inpatient mortality between hospitals in the
first and fifth quintiles of spending.

We also explored whether hospital size or geography (Southern California vs. rest of state)
modified the association between hospital spending and inpatient mortality. Southern
California was defined as Imperial, Los Angeles, Riverside, Santa Barbara, San Bernardino,
San Diego, and Ventura counties. We dichotomized hospital size into greater or less than the
median number of hospital beds (220 in our sample) in 2001 financial reports. We did not
examine effect modification by hospital teaching status as all but one teaching hospital were
in the top two quintiles of spending.

Because this study was observational, the results could reflect unmeasured confounders. We
conducted a sensitivity analysis to assess the degree of confounding needed to eliminate the
estimated association between hospital spending and inpatient mortality. We assumed that
(a) the unmeasured confounder is binary and hospital-specific; (b) is independent of
measured confounders; and (c) there is no interaction between the unmeasured confounder
and spending. We used a log-linear approximation to the logistic model.(21)

Missing data and multiple imputation
A total of 1,373,137 patients over 1999–2003 met the sample inclusion criteria (1,307,430
over 2004–2008). For 1999–2003, we excluded 108 of these patients due to missing or
invalid disposition codes, and another 55,414 patients (4.0% of total) with unreported or
unmatched zip codes. For 2004–2008, we excluded 69,581 patients for the preceding
reasons, and another 9,401 patients for whom hospital costs were unavailable (due to
missing or invalid charges or cost-to-charge ratios).

To prevent identification, some discharge records masked patient characteristics related to
sample inclusion criteria or predicted mortality. Age, gender or admission quarter were
masked for 80,307 patients with 1 of the 6 conditions studied over 1999–2003 (133,814 over
2004–2008). For each condition and analysis period, we created 10 independent data sets in
which masked characteristics were imputed based on in-hospital death, Charlson-Deyo co-
morbidity index, hospital ID, admission year, and (where available) age, gender and
admission quarter.(22) Standard methods were used to combine analysis results across the
imputed data sets.(23)

Role of the funding source
This research was sponsored by the National Institute of Aging and the Bing Center for
Health Economics at the RAND Corporation. The design, conduct, analysis, interpretation,
and presentation of the data are the sole responsibility of the investigators.

RESULTS
Table 1 reports summary statistics by condition for patients during 1999–2003 (2004–2008
data available in the Appendix). The number of patients was substantial, ranging from
98,208 (hip fracture) to 345,449 (pneumonia) patients. Average age ranged from 72.5y
(AMI) to 81.4y (hip fracture). Observed mortality ranged from 2.97% for gastrointestinal
hemorrhage, 10.25% for AMI, and 11.71% for stroke. About one out of ten patients were
admitted to teaching hospitals and roughly 70% were treated at hospitals with greater than
the median number of beds. Admissions were approximately evenly distributed between
hospitals in Southern California and the rest of the state.

Romley et al. Page 5

Ann Intern Med. Author manuscript; available in PMC 2013 September 24.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Table 2 presents hospital spending by quintile. During 1999–2003, hospital spending on
patients admitted to the bottom quintile of hospitals averaged $25,568 (in 2001 dollars) over
the final two years of life, compared to $58,635 for those admitted to the top quintile. For
2004–2008, Table 2 presents median spending in each hospital spending quintile, by disease.
Spending was calculated among patients who died while hospitalized. Median spending in
the first quintile of hospitals ranged from $4,555 (stroke) to $7,982 (hip fracture). Median
spending in the top quintile ranged from $13,945 (stroke) to $28,546 (hip fracture). Because
2004–2008 hospital spending levels were not directly comparable to 1999–2003 levels –
since hospital spending in 2004–2008 was computed for the terminal hospital stay of
decedents, rather than all hospital stays over the final two years of life – we divided
hospitals into spending quintiles when analyzing the association between inpatient mortality
and hospital spending.

Table 3 presents the risk-adjusted odds-ratio (OR) of inpatient mortality by hospital
spending quintile for each medical condition (OR measured relative to the bottom quintile of
hospital spending). The OR was adjusted for predicted patient mortality and a set of patient
and hospital/region factors. The top and bottom panels display ORs for 1999–2003 and
2004–2008, respectively. Figure 1 in the Appendix depicts these results graphically.

In both 1999–2003 and 2004–2008, adjusted inpatient mortality was negatively associated
with hospital spending for all six diagnoses. During 1999–2003, patients admitted with AMI
in the fifth quintile of Dartmouth hospital spending had lower mortality than those admitted
to hospitals in the first quintile (OR of inpatient mortality 0.862, 95% CI 0.742–0.983).
Increases in hospital spending from one quintile to the next tended to be associated with
subsequent reductions in mortality among patients admitted for AMI. For patients admitted
in 1999–2003 with primary diagnoses of CHF, stroke, gastrointestinal hemorrhage, hip
fracture, or pneumonia, those admitted to hospitals in the fifth quintile of spending were less
likely to die inpatient compared to patients in the first quintile (ORs ranging from 0.693 to
0.900). With the exception of gastrointestinal hemorrhage and hip fracture, these
associations were statistically significant at the p < 0.05 level. A similar pattern held during
2004–2008, with patients in the fifth quintile of disease-specific hospital spending also less
likely to die than those in the lowest quintile (ORs across diseases ranging from 0.729 to
0.973). Among these, only hip fracture was not statistically significant at p < 0.05. For both
1999–2003 and 2004–2008, increases in hospital spending across quintiles were generally
associated with reductions in inpatient mortality (Table 3 and Appendix Figure 1).

Figure 1 shows the predicted number of inpatient lives that would be saved if all patients
admitted to our sample of hospitals had been admitted to the top-spending quintile of
hospitals rather than to the lowest. For patients presenting with AMI, 1,831 lives might have
been saved over the five-year period 1999–2003, a 9% reduction in mortality; for AMI
patients over 2004–2008, we estimate the number of potential lives saved to be 3,367, a 19%
reduction. For CHF, stroke, and pneumonia, the predicted number of lives saved was similar
to AMI, on the order of 2,500 to 6,500 lives during both 1999–2003 and 2004–2008. For
patients admitted with gastrointestinal hemorrhage and hip fracture during 1999–2003, our
model predicted that approximately 500 lives might have been saved, respectively, if all
patients with these diseases had been admitted to the top quintile of hospital spending
compared with the bottom.

Effect of hospital size and geography
We also examined how hospital size and geography affected the estimated relationship
between hospital spending and inpatient mortality during 1999–2003 (Table 4). For each
disease and sub-group comparison (e.g. Southern vs. rest of California), we report the OR of
inpatient mortality among patients admitted to hospitals in the fifth spending quintile versus
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the first. The association between hospital spending and inpatient mortality did not vary
statistically significantly by geography or hospital size. For example, the OR of inpatient
mortality for patients admitted with CHF to hospitals in the fifth quintile of spending
(relative to the first quintile) was 0.854 (95% CI 0.597–1.111) in Southern California, versus
0.797 (95% CI 0.645–0.950) in the rest of the state (p-value 0.707). Similar results held for
the other diseases considered. The OR of inpatient CHF mortality among hospitals in the
fifth quintile of spending (relative to the first) was 0.764 (95% CI 0.599 – 0.928) for the
largest 50% of hospitals, versus 0.789 (95% CI 0.640 – 0.938) for the bottom 50% (p- value
0.794).

Sensitivity analysis
Results were similar when we used (a) a surrogate measure of hospital spending; (b) linear
and quadratic specifications of hospital spending; and (c) indicator variables for hospital
regions. In terms of confounding, the true OR of inpatient mortality with respect to the top
spending quintile would become statistically indistinguishable from one for AMI patients
over 1999–2003, if there were an unmeasured binary variable with an OR of inpatient
mortality of 0.85, a 20% probability of occurring at a hospital in the top spending quintile,
and a 10% probability of occurring at a bottom-quintile hospital. For pneumonia patients,
the true OR would be significantly less than one even with a 100% probability of the binary
variable occurring at top-spending hospitals.

DISCUSSION
We examined the association between hospital spending and inpatient mortality in 208
California hospitals. We found that greater hospital spending was associated with lower
inpatient mortality for a variety of major acute medical conditions. Our findings suggest that
while greater overall medical spending in the U.S. is not associated with better quality of
care or better health outcomes(1, 2, 10), specific types of medical spending – e.g., acute-care
hospital spending – may be efficacious. Our results, along with prior studies(8, 24),
highlight that intensive spending in hospitals may be associated with lower mortality despite
bearing no or even negative relationship to standard measures of process quality (e.g. aspirin
use at admission for patients presenting with acute myocardial infarction).(14, 25) Reported
process measures may simply do a poor job of explaining variation in hospital mortality.(26,
27)

While our analysis demonstrates that intensive spending by hospitals is associated with
lower mortality, it does not identify the specific costly interventions that high-spending
hospitals undertake to achieve this mortality benefit. Prior work suggests that patients at
moderate and high risk of dying have lower mortality when admitted to hospitals in which
larger fractions of patients spend time in the ICU, undergo mechanical ventilation, or receive
dialysis.(8) These interventions likely only proxy for the additional costly diagnostic work-
up and management that higher spending hospitals may do. For the admitting diagnoses we
consider, these additional interventions may include early and more frequent coronary
revascularization for AMIs and upper and lower endoscopies for gastrointestinal
hemorrhages.

Our study has additional limitations. Although we measured hospital spending among
patients at the end of life, adjusted for patient co-morbidities, and accounted for patient zip-
code socio-demographics, hard-to-measure aspects of health are still a concern.(7) Patients
admitted to higher-spending hospitals may be healthier than predicted, either because of
where those hospitals are located or because higher-spending hospitals have lower
thresholds for hospital admission. Both of these would bias us towards finding an
association between higher hospital spending and lower inpatient mortality. While for
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diagnoses such as CHF and pneumonia, higher-spending hospitals may less discriminately
admit patients to the hospital instead of managing these illnesses on an outpatient basis,
acute events such as stroke and AMI would presumably be less affected. We find equally
strong relationships between hospital spending and mortality across the range of disease
acuity we consider.

An additional bias arises if higher-spending hospitals diagnose more conditions, or simply
attach more diagnoses to discharge records.(19) Adjusting for the number of diagnoses at
discharge would bias us towards finding a negative association between hospital spending
and inpatient mortality. Our results were unchanged, however, when the number of co-
morbidities was excluded from the analysis. Despite the potential biases in favor a negative
association between spending and mortality, it is important to recognize that higher-
spending hospitals may also spend more because their patients are sicker than our mortality
risk adjustments would predict. In this case, we would understate the efficacy of hospital
spending.

Our findings should be interpreted with caution. Higher hospital spending on these six major
medical conditions may not produce better health outcomes outside of California, although
we know of no reason to doubt it. Furthermore, hospital spending would not necessarily be
cost effective, because alternative interventions might enhance population health at lower
cost. The cost effectiveness of hospital spending depends on its impact on inpatient and
post-discharge mortality, the latter of which we were unable to assess with our data. Hence,
important questions about the efficacy and value of hospital care remain to be asked and
answered.
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Appendix

Appendix Figure 1.
Risk-adjusted odds-ratio of inpatient mortality by hospital spending quintile for six major
medical conditions, 1999–2003 and 2004–2008
Notes: Odds ratios of inpatient mortality for a given hospital spending quintile are calculated
with respect to the lowest quintile. Vertical bars represent 95% confidence intervals around
the predicted lives saved (boxes).Abbreviations: Acute myocardial infarction (AMI),
congestive heart failure (CHF), gastrointestinal hemorrhage (GI bleed).

Appendix Table 1

Summary statistics for patients admitted to California hospitals during 2004–2008, by
presenting diagnosis

AMI CHF Stroke GI bleed Hip fracture Pneumonia

No. of patients 169,537 324,371 172,471 170,301 88,154 302,795

Observed inpatient
mortality, %

8.25 (27.52) 3.88 (19.32) 11.43 (31.82) 2.70 (16.20) 2.83 (16.58) 5.46 (22.73)

Age (years) 72.0 (12.9) 74.1 (12.9) 74.0 (12.6) 71.9 (14.6) 81.6 (5.0) 73.2 (14.3)

Female, % 40.8 (49.1) 52.2 (50.0) 54.2 (49.8) 50.3 (50.0) 73.7 (44.1) 53.3 (49.9)

No. of Charlson-Deyo
index co- morbidities

2.4 (1.3) 2.6 (1.2) 2.3 (1.2) 1.6 (1.3) 1.1 (1.1) 1.6 (1.2)

Medicare fee-for-service, % 41.7 (49.3) 58.1 (49.3) 50.6 (50.0) 49.9 (50.0) 68.5 (46.5) 56.9 (49.5)

Treated at teaching
hospital,%

10.1 (30.1) 10.1 (30.1) 12.9 (33.5) 9.6 (29.4) 7.8 (26.9) 9.3 (29.0)
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AMI CHF Stroke GI bleed Hip fracture Pneumonia

Treated in large hospital*,
%

78.2 (41.3) 71.0 (45.4) 73.8 (44.0) 68.9 (46.3) 68.1 (46.6) 65.6 (47.5)

Treated in southern
California, %

55.8 (49.7) 58.9 (49.2) 56.9 (49.5) 55.9 (49.7) 55.3 (49.7) 55.1 (49.7)

Zip code demographics

Median household income,
$

49183 (18809) 47040 (18063) 49072 (19085) 48790 (18919) 51077 (19963) 47594 (18324)

Below poverty line, % 13.8 (8.6) 15.1 (9.2) 14.1 (8.8) 14.2 (8.8) 12.6 (7.9) 14.6 (8.9)

Avg. Social security
income, $

11227 (1339) 11028 (1386) 11193 (1387) 11178 (1376) 11491 (1334) 11130 (1347)

Urban, % 93.0 (17.7) 94.4 (15.4) 93.8 (16.4) 93.6 (16.6) 93.0 (17.2) 93.2 (17.0)

Hispanic, % 29.0 (21.3) 32.0 (22.5) 29.8 (22.1) 29.9 (22.0) 25.7 (20.3) 30.2 (21.7)

Single, % 44.5 (7.7) 45.6 (7.7) 45.1 (7.8) 45.1 (7.8) 44.5 (7.9) 45.1 (7.8)

Less than high school, % 22.9 (15.0) 25.3 (16.0) 23.5 (15.6) 23.6 (15.5) 20.3 (14.0) 24.2 (15.3)

Employed, % 56.7 (8.7) 55.9 (8.5) 56.6 (8.4) 56.5 (8.5) 57.2 (8.5) 56.2 (8.5)

Zip code health characteristics among population 65 and older

Institutionalized, % 3.3 (3.9) 3.4 (3.9) 3.3 (3.9) 3.4 (4.0) 3.6 (4.0) 3.5 (4.0)

Physical disability, % 29.2 (6.1) 29.9 (6.1) 29.2 (6.1) 29.3 (6.1) 28.2 (6.0) 29.6 (6.1)

Mental disability, % 12.6 (4.4) 13.2 (4.6) 12.7 (4.4) 12.7 (4.4) 12.0 (4.2) 12.8 (4.4)

Sensory disability, % 14.8 (3.5) 15.0 (3.4) 14.8 (3.4) 14.8 (3.4) 14.5 (3.4) 15.0 (3.5)

Self-care disability, % 10.2 (3.8) 10.7 (4.0) 10.3 (3.8) 10.3 (3.8) 9.8 (3.6) 10.4 (3.8)

Home-bound disability (%) 21.3 (5.7) 22.2 (5.8) 21.5 (5.7) 21.5 (5.7) 20.4 (5.5) 21.7 (5.7)

Notes: Based on California inpatient discharge records from the California Office of Statewide Health Planning and
Development (OSHPD). Standard deviations are in parentheses. Age is based on discharges with exact (non-categorical)
reporting.
*
Large hospital was defined as having greater than the median number of hospital beds as reported in 2001 financial

reports to OSHPD. Abbreviations: Acute myocardial infarction (AMI), congestive heart failure (CHF), gastrointestinal
hemorrhage (GI bleed).

Appendix Table 2

Risk-adjusted odds-ratio of inpatient mortality by quintile of Hospital Care Intensity index
for six major medical conditions, 1999–2003

Quintile of hospital
spending AMI CHF Stroke GI bleed Hip fracture Pneumonia

2 0.964 [0.855–1.074] 1.014 [0.862–1.166] 1.054 [0.905–1.203] 1.046 [0.900–1.193] 1.173 [0.946–1.400] 1.053 [0.924–1.182]

3 0.942 [0.844–1.040] 0.893 [0.765–1.022] 0.851 [0.736–0.966] 0.953 [0.814–1.091] 0.937 [0.787–1.087] 0.900 [0.793–1.008]

4 0.933 [0.839–1.026] 0.836 [0.722–0.949] 0.760 [0.657–0.863] 0.903 [0.759–1.046] 0.816 [0.658–0.974] 0.877 [0.782–0.972]

5 0.906 [0.788–1.024] 0.754 [0.640–0.868] 0.671 [0.569–0.773] 0.926 [0.775–1.078] 0.849 [0.670–1.029] 0.762 [0.675–0.849]

Notes: Table examines the association between inpatient mortality and a surrogate measure of spending, the Hospital Care
Intensity index produced by the Dartmouth Atlas. Results shown here can be compared to the top panel in Table 3. 95%
confidence interval in brackets. Abbreviations: Acute myocardial infarction (AMI), congestive heart failure (CHF),
gastrointestinal hemorrhage (GI bleed).
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Appendix Table 3

Predicted lives saved if all patients were treated in hospitals in the top spending quintile vs.
the bottom spending quintile, by specification of hospital spending, 1999–2003

Specification of hospital spending AMI CHF Stroke GI bleed Hip fracture Pneumonia

Quintile 1,831 3,973 4,753 459 436 6,370

Linear 6,627 3,080 5,565 1,762 751 5,824

Notes: Table provides a specification check on spending. The first row of results shows predicted lives saved when
spending is divided into quintiles; the second row shows results when spending enters the model linearly. Linear term was
always statistically significant; in quadratic specification (not reported), the square of spending was significant for only one
condition (hip fracture). For the purpose of prediction, bottom quintile spending in the linear specification was defined to
equal mean spending in the bottom quintile; high spending was defined similarly. Abbreviations: Acute myocardial
infarction (AMI), congestive heart failure (CHF), gastrointestinal hemorrhage (GI bleed).

Appendix Table 4

Risk-adjusted odds-ratio of inpatient mortality by hospital spending quintile for six major
medical conditions, according to inclusion of indicator variables for hospital regions in
addition to baseline factors, 1999–2003

Quintile of hospital
spending AMI CHF Stroke GI bleed Hip fracture Pneumonia

Baseline factors only

2 0.996 [0.870–1.122] 0.969 [0.838–1.099] 0.927 [0.782–1.071] 0.990 [0.855–1.125] 0.844 [0.667–1.022] 0.962 [0.850–1.075]

3 0.921 [0.806–1.037] 0.816 [0.695–0.936] 0.761 [0.628–0.895] 0.854 [0.719–0.989] 0.773 [0.605–0.941] 0.827 [0.704–0.951]

4 0.928 [0.794–1.062] 0.802 [0.682–0.922] 0.777 [0.642–0.912] 0.873 [0.738–1.009] 0.740 [0.581–0.898] 0.797 [0.693–0.901]

5 0.862 [0.742–0.983] 0.737 [0.617–0.857] 0.693 [0.555–0.831] 0.900 [0.742–1.058] 0.836 [0.613–1.058] 0.729 [0.619–0.840]

Including indicator variables for hospital regions

2 1.042 [0.913–1.171] 1.010 [0.880–1.140] 0.912 [0.783–1.041] 1.003 [0.859–1.147] 0.860 [0.682–1.038] 0.958 [0.837–1.078]

3 0.984 [0.833–1.135] 0.903 [0.765–1.040] 0.798 [0.669–0.927] 0.929 [0.764–1.093] 0.809 [0.609–1.008] 0.853 [0.726–0.980]

4 0.991 [0.830–1.152] 0.880 [0.735–1.025] 0.811 [0.668–0.955] 0.911 [0.752–1.070] 0.762 [0.579–0.946] 0.823 [0.702–0.943]

5 0.927 [0.772–1.083] 0.804 [0.662–0.946] 0.741 [0.604–0.878] 0.942 [0.762–1.121] 0.810 [0.586–1.034] 0.745 [0.624–0.865]

Notes: This table explores whether including indicators for hospital referral region impact the estimated association
between hospital spending and inpatient mortality. The top panel reports odds ratios of inpatient mortality from the baseline
specification which adjusts for predicted mortality and a set of patient and hospital/region factors. The bottom panel reports
odds ratios when indicators for hospital referral region are included as well. Hospital regions were defined by Dartmouth
hospital referral regions. 95% confidence interval in brackets. Abbreviations: Acute myocardial infarction (AMI),
congestive heart failure (CHF), gastrointestinal hemorrhage (GI bleed).

Appendix Table 5

Risk-adjusted odds-ratio of inpatient mortality by hospital spending quintile for six major
medical conditions, according to inclusion of number of Charlson-Deyo co-morbidities,
1999–2003

Quintile
of

hospital
spending AMI CHF Stroke GI bleed Hip fracture Pneumonia

Baseline

2 0.996 [0.870–1.122] 0.969 [0.838–1.099] 0.927 [0.782–1.071] 0.990 [0.855–1.125] 0.844 [0.667–1.022] 0.962 [0.850–1.075]

3 0.921 [0.806–1.037] 0.816 [0.695–0.936] 0.761 [0.628–0.895] 0.854 [0.719–0.989] 0.773 [0.605–0.941] 0.827 [0.704–0.951]

4 0.928 [0.794–1.062] 0.802 [0.682–0.922] 0.777 [0.642–0.912] 0.873 [0.738–1.009] 0.740 [0.581–0.898] 0.797 [0.693–0.901]

5 0.862 [0.742–0.983] 0.737 [0.617–0.857] 0.693 [0.555–0.831] 0.900 [0.742–1.058] 0.836 [0.613–1.058] 0.729 [0.619–0.840]
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Quintile
of

hospital
spending AMI CHF Stroke GI bleed Hip fracture Pneumonia

Excluding number of Charlson-Deyo co-morbidities

2 0.992 [0.864–1.119] 0.973 [0.841–1.105] 0.924 [0.779–1.069] 0.979 [0.847–1.110] 0.819 [0.654–0.984] 0.961 [0.851–1.072]

3 0.920 [0.805–1.035] 0.825 [0.703–0.946] 0.759 [0.626–0.893] 0.857 [0.723–0.991] 0.767 [0.604–0.929] 0.828 [0.705–0.951]

4 0.925 [0.792–1.059] 0.810 [0.689–0.930] 0.776 [0.641–0.911] 0.873 [0.740–1.007] 0.728 [0.578–0.877] 0.800 [0.696–0.903]

5 0.860 [0.739–0.981] 0.747 [0.625–0.868] 0.693 [0.554–0.832] 0.908 [0.752–1.064] 0.836 [0.608–1.064] 0.731 [0.621–0.842]

Notes: Table examines whether including the number of Charlson-Deyo co-morbidities impacts the estimated association
between hospital spending and inpatient mortality. The top panel reports odds ratios of inpatient mortality from the baseline
specification which adjusts for predicted mortality and a set of patient and hospital/region factors. The bottom panel reports
odds ratios when the number of Charlson-Deyo co-morbidities is excluded. 95% confidence interval in brackets.
Abbreviations: Acute myocardial infarction (AMI), congestive heart failure (CHF), gastrointestinal hemorrhage (GI bleed).
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Figure 1. Predicted lives saved if all patients were treated in hospitals in the top spending
quintile vs. the bottom spending quintile
Notes: Vertical bars represent 95% confidence intervals around the predicted lives saved
(boxes). Abbreviations: Acute myocardial infarction (AMI), congestive heart failure (CHF),
gastrointestinal hemorrhage (GI bleed).
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