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Abstract

Background.—Publicly reported hospital risk-standardized mortality rates (RSMRs) for acute 

myocardial infarction (AMI) are calculated for Medicare beneficiaries. Outcomes for older AMI 

patients may not reflect outcomes more generally.

Objective.—To examine the relationship of hospital 30-day RSMRs for older patients (≥65 

years-old) with 30-day RSMRs for younger patients (18–64 years-old) and all patients (≥18 

years-old) with AMI.

Design.—Retrospective cohort study.

Setting.—986 hospitals in the ACTION Registry®-Get With the Guidelines™.

Participants.—AMI hospitalizations from 10/01/2010–09/30/2014.

Measurements.—We calculated hospital 30-day RSMRs for older, younger, and all patients 

using a National Quality Forum-endorsed EHR measure of AMI mortality. We ranked hospitals by 

their 30-day RSMRs for these 3 age groups and plotted agreement in rankings. We also calculated 

the correlation in hospital AMI achievement scores for each age group using the Hospital Value-

Based Purchasing (HVBP) Program methodology computed with the EHR measure.

Results.—We identified 267,763 and 276,031 AMI hospitalizations among older and younger 

patients, respectively. Median hospital 30-day RSMRs were 9.4%, 3.0%, and 6.2% for older, 

younger, and all patients. Most top and bottom performing hospitals for older patients were neither 

top nor bottom performers for younger patients. In contrast, most top and bottom performers 

for older patients were also top and bottom performers for all patients. Analogously, HVBP 

achievement scores for older patients correlated weakly with scores for younger patients (R=0.30) 

and strongly with scores for all patients (R=0.92).

Limitations.—Study included minority of US hospitals.

Conclusions.—Hospital mortality rankings for older patients with AMI inconsistently reflect 

rankings for younger patients. Incorporation of younger patients into hospital outcomes 

assessment would permit further examination of the presence and impact of age-related quality 

differences.

Primary funding source.—American College of Cardiology

INTRODUCTION

The Centers for Medicare & Medicaid Services (CMS) measure and publicly report hospital 

mortality after acute myocardial infarction (AMI). To accomplish this, CMS calculates 

30-day risk-standardized mortality rates (RSMRs) using data for Medicare fee-for-service 

beneficiaries who are 65 years of age and older. While 30-day RSMRs provide a signal of 

hospital quality for older patients, it is not known if they also reflect quality for younger 

patients who are less than 65 years old.
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Despite this uncertainty, outcomes for Medicare beneficiaries are often used as a proxy for 

hospital quality more broadly. For example, hospitals and specialty societies use these data 

to support quality improvement initiatives for all patients with AMI (1, 2). Researchers 

use this information to select hospitals for study and identify interventions believed to be 

associated with high and low quality of care (3–5), and the media often report Medicare 

outcomes as if they reflect care for all populations (6, 7). Yet the relationship of hospital 

outcomes for Medicare beneficiaries with outcomes for other hospitalized patients has 

not been well characterized. To date, the only data examining hospital mortality rates 

by age are from Veterans Affairs hospitals (8), which differ from non-federal hospitals 

with regard to their patient composition, treatment patterns, and outcomes (9, 10). If 

data from older patients can also be used to accurately reflect hospital quality for 

younger patients, clinicians, administrators, and payers will be better positioned to estimate, 

benchmark, and improve outcomes for all hospitalized patients with AMI, not just Medicare 

beneficiaries. However, if data from older patients do not prove broadly reflective of hospital 

quality, expanding quality and outcomes measurement to include younger patients may be 

warranted. We therefore sought to examine the relationship of hospital 30-day mortality 

rates for older patients with AMI with hospital 30-day mortality rates for younger patients 

and all adult patients with AMI.

METHODS

Study overview

We analyzed hospitalizations for AMI from the ACTION Registry®-Get With the 

Guidelines™ (ACTION-GWTG), the largest US clinical registry of AMI. Using a 

methodology developed by CMS to calculate hospital 30-day RSMRs using clinical data 

(11, 12) and a novel linkage between ACTION-GWTG and the National Death Index, 

we examined the relationship of hospital 30-day RSMRs for older AMI patients ≥65 

years old with 30-day RSMRs for younger AMI patients 18–64 years old and 30-day 

RSMRs for all adult AMI patients ≥18 years old. We also calculated the correlation in 

hospital AMI achievement scores for each age group using an approach analogous to that 

of the CMS Hospital Value-Based Purchasing (HVBP) Program, which considers AMI 

mortality in hospital reimbursement (13). Results of these analyses will help clarify whether 

measurement of AMI outcomes should be expanded beyond the Medicare population to 

estimate hospital quality and outcomes for all patients, including younger patients.

Dataset

We used data from ACTION-GWTG, a collaboration of the American College of 

Cardiology Foundation and the American Heart Association that captures detailed clinical 

information about adult AMI hospitalizations from over 900 US hospitals. The database 

contains more than 300 elements selected and vetted by cardiovascular experts to capture 

patient characteristics, care processes, and outcomes (14–17). ACTION-GWTG has a data 

quality program that promotes consistent and accurate data abstraction and entry (18). We 

utilized ACTION-GWTG data from October 1, 2010 to September 30, 2014, the time period 

for which registry hospitalizations had been linked to the National Death Index using direct 

identifiers to determine vital status.
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Patient sample

We included all hospitalizations for adult patients with AMI. We applied exclusion criteria 

consistent with the CMS electronic measure for AMI mortality (11, 12). Specifically, we 

excluded patients transferred in from another hospital since mortality is attributed by CMS 

to the first hospital providing treatment (12, 19), and not all transferring hospitals participate 

in ACTION-GWTG. We also excluded patients leaving against medical advice (11, 12). We 

randomly selected one hospitalization per year for patients with multiple hospitalizations.

Outcomes

The outcome for all analyses was mortality within 30 days of the admission date. Vital status 

was determined through linkage of ACTION-GWTG to the National Death Index.

Determination of Hospital 30-Day Risk-Standardized Mortality Rates (RSMRs)

We calculated hospital 30-day RSMRs for AMI using an established electronic quality 

measure developed by CMS for risk adjustment using clinical data from electronic health 

records (11, 12). This measure was originally created and validated using ACTION-GWTG 

and was endorsed by the National Quality Forum as suitable for public reporting. We used 

this electronic measure to calculate hospital 30-day RSMRs rather than the administrative 

claims measure used for public reporting (19) because incorporation of physiologic 

biomarkers in risk adjustment has face validity and because pre-admission claims data were 

not available for non-Medicare beneficiaries in ACTION-GWTG.

The methods used to identify candidate variables for inclusion in the CMS electronic 

measure have been described previously (11, 12). Variables had to be clinically relevant to 

AMI, demonstrate strong association with 30-day mortality, and be feasibly extracted from 

structured fields within the electronic health record. Variables also needed to be consistently 

obtained, captured with standard definitions, and recorded in standard formats. Variables 

unrelated to clinical status at hospital presentation or potentially related to post-admission 

events such as treatments, complications, and post-admission laboratory results were not 

included. The final measure included variables for patient age, heart rate at presentation, 

systolic blood pressure at presentation, creatinine at presentation, and troponin ratio (initial 

troponin value/troponin upper range limit for hospital) at presentation. We used these 

same variables in our study. Variables for ST-segment elevation on the electrocardiogram 

at presentation, cardiogenic shock at presentation, acute heart failure at presentation, and 

cardiac arrest at presentation were not included because these variables were often recorded 

in non-standard formats across hospitals and in non-structured fields within the electronic 

health record. However, these variables were included in a sensitivity analysis described 

below.

Hospital mortality rates for AMI were calculated using hospital 30-day RSMRs in a manner 

consistent with publicly reported outcomes measures (20). The method for calculating 

30-day RSMRs involves fitting hierarchical logistic regression models for the outcome 

of death within 30 days of the admission date with adjustment for predictor variables at 

hospital presentation (12, 19). These models account for patient clustering by hospital. Data 

are modeled simultaneously at patient and hospital levels, and hospital random intercepts 
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are calculated to account for variance in outcomes within and between hospitals. The 

hospital-specific 30-day RSMR is the ratio of the predicted number of deaths to the expected 

number of deaths for a specific patient population within the hospital, multiplied by the 

unadjusted 30-day mortality rate for that patient population across all hospitals (19). The 

expected number of deaths for each hospital was estimated by applying estimated regression 

coefficients to the patient characteristics of each hospital’s patients, adding the average of 

the hospital-specific intercepts, and after transformation, summing over all patients in the 

hospital to obtain the expected count. The predicted number of deaths was calculated by 

applying the estimated regression coefficients to the patient characteristics of each hospital’s 

patients, adding the hospital-specific intercept (representing baseline mortality risk at the 

specific hospital), and after transformation, summing over all patients in the hospital to 

obtain the predicted count.

As a sensitivity analysis, we recalculated hospital 30-day RSMRs for AMI using additional 

clinical variables previously shown to be predictive of AMI mortality (17, 21) including 

ST-segment elevation on the electrocardiogram, cardiogenic shock, acute heart failure, and 

cardiac arrest at presentation.

Determination of Hospital Value-Based Purchasing (HVBP) Program AMI Achievement 
Scores

To calculate achievement scores for each hospital, we applied the methodology utilized 

by CMS as part of its HVBP Program, which was created by the Affordable Care Act 

to incentivize hospital quality improvements (13). HVBP quantifies hospital performance 

with regard to care processes, patient experiences, efficiency, and outcomes (13). Hospital 

30-day mortality for AMI is a component measure of hospitals’ HVBP scores. Briefly, 

CMS awards achievement points by comparing individual hospital 30-day RSMRs during 

a 3-year performance period to all hospitals’ 30-day RSMRs during a 1-year baseline 

period (13). A maximum of 10 achievement points is awarded to hospitals with 30-day 

RSMRs below a benchmark rate, defined as the mean of the bottom decile of hospital 

30-day RSMRs in the baseline period (13). Hospitals with 30-day RSMRs above a threshold 

rate, defined as the 50th percentile of hospital 30-day RSMRs in the baseline period, are 

awarded zero achievement points (13). Hospitals with 30-day RSMRs that are above the 

benchmark rate and equal to or below the achievement threshold receive 1–10 achievement 

points (13). HVBP achievement scores calculated in this study utilized RSMRs that were 

computed using the CMS electronic measure for AMI rather than the usual publicly reported 

claims-based measure.

Statistical Analyses

To compare patient characteristics, hospital characteristics, and 30-day mortality between 

older and younger patients, we calculated frequencies and percentages for categorical 

variables and means and standard deviations (SD) for continuous variables. We used chi-

square tests for categorical variables and T tests for continuous variables to test differences 

between older and younger patients.
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Primary Analyses—We used the CMS electronic measure methodology to separately 

calculate hospital 30-day RSMRs for older patients, younger patients, and all adult patients 

with AMI. To better estimate hospital 30-day RSMRs for each age group, we separately 

calculated coefficients for predictor variables in models for older patients, younger patients, 

and all adult patients. We examined the discrimination of patient-level 30-day mortality 

models for all three age groups using the C-statistic (area under the Receiver Operating 

Characteristic curve).

We ranked hospitals by their 30-day RSMRs for older patients, younger patients, and all 

adult patients with AMI and plotted agreement in these rankings. We grouped hospitals in 

three ways as has been done in prior studies of hospital performance (22): (1) top 20%, 

middle 60%, bottom 20%; (2) top 10%, middle 80%, bottom 10%; (3) better-than-expected, 

no different-than-expected, and worse-than-expected per the CMS measurement algorithm, 

which incorporates 95% confidence intervals around each hospital’s 30-day RSMR estimate. 

We restricted calculations to hospitals with ≥50 AMI hospitalizations in each age group.

Finally, we calculated Pearson correlation coefficients describing the association of 

CMS electronic measure-based HVBP achievement scores for older patients with HVBP 

achievement scores for younger patients and all adult patients with AMI. CMS does not 

incorporate measures of uncertainty, such as 95% confidence intervals, when calculating 

HVBP achievement scores. Correlation estimates were restricted to hospitals with ≥50 AMI 

hospitalizations in each age group.

Sensitivity Analyses—We repeated the above analyses after adding additional predictor 

variables for ST-segment elevation on the electrocardiogram, cardiogenic shock, acute heart 

failure, and cardiac arrest at presentation to the CMS electronic measure for AMI when 

calculating hospital 30-day RSMRs.

Significance levels were 2-sided with a P value <0.05. Analyses were conducted using SAS 

9.4 (SAS Institute Inc.). The Yale Human Investigation Committee approved analyses of 

ACTION-GWTG using a limited data set.

Role of the Funding Source—This research was supported by the American College 

of Cardiology Foundation’s National Cardiovascular Data Registry (NCDR). The NCDR 

research committee reviewed the final manuscript before submission but had no role in the 

design, conduct, or reporting of the study.

RESULTS

We identified 543,794 adult hospitalizations for AMI from 986 hospitals. 267,763 (49.2%) 

involved patients ≥65 years-old and 276,031 (50.8%) involved patients <65 years-old. 

Characteristics of these hospitalizations are shown in Table 1. Average age was 76.3 

years among older patients, 53.6 years among younger patients, and 64.8 years among 

all adult patients. Compared with younger patients, older patients were less likely to have 

ST-elevation myocardial infarction and more likely to have acute heart failure on admission 
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(p<0.001 for both). 30-day mortality occurred in 9.3% of older patients, 3.1% of younger 

patients, and 6.2% of all adult patients.

The distribution of patients by hospital characteristic for older patients, younger patients, 

and all adult patients is shown in Appendix Table 1. There were small differences in hospital 

location (rural, suburban, urban), hospital type (government, private/community, university), 

hospital teaching status, and hospital census region across age groups.

Hospital AMI volumes were large. Median hospital AMI volume was 389 (interquartile 

range [IQR] 141–760) for all adult patients, 182 (IQR 66–373) for older patients, and 195 

(IQR 73–385) for younger patients.

Distributions of hospital 30-day RSMRs for older patients, younger patients, and all adult 

patients are shown in Figure 1. Median hospital 30-day RSMRs were 9.4% (IQR 8.4%

−10.4%) for older patients, 3.0% (IQR 2.8%−3.4%) for younger patients, and 6.2% (IQR 

5.4%−7.0%) for all adult patients.

Primary Analysis of Hospital 30-Day RSMRs (CMS Electronic Measure)

Model discrimination was high. C-statistics were 0.78, 0.83, and 0.83 in models for older 

patients, younger patients, and all adult patients, respectively.

Most top and bottom performing hospitals for older patients were neither top nor bottom 

performers for younger patients (Table 2). Among 303 hospitals ranked in the top 20% or 

bottom 20% for older patients, 59% (178) were ranked differently for younger patients. 

Among 151 hospitals ranked in the top 10% or bottom 10% for older patients, 70% (105) 

were ranked differently for younger patients. Finally, among 131 hospitals with better-than-

expected or worse-than-expected mortality performance for older patients per the CMS 

algorithm (11), 88% (115) were ranked differently for younger patients. No hospitals with 

better-than-expected performance for older patients had worse-than-expected performance 

for younger patients, or vice versa.

In contrast, most top and bottom performing hospitals for older patients were also top and 

bottom performers for all adult patients (Table 3). Among 312 hospitals ranked in the top 

20% or bottom 20% for older patients, only 18% (55) were ranked differently for all adult 

patients. Among 156 hospitals ranked in the top 10% or bottom 10% for older patients, 

23% (36) were ranked differently for all adult patients. Finally, among 133 hospitals with 

better-than-expected or worse-than-expected mortality performance for older patients, 13% 

(17) were ranked differently for all adult patients.

Consistent with these findings, CMS electronic measure-based HVBP achievement scores 

for older patients were weakly correlated with HVBP achievement scores for younger 

patients (correlation coefficient 0.30, Figure 2A) and strongly correlated with HVBP 

achievement scores for all adult patients (correlation coefficient 0.92, Figure 2B).
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Sensitivity Analysis of Hospital 30-Day RSMRs (CMS Electronic Measure + Additional 
Clinical Predictors of Mortality)

Model discrimination was higher after adding variables for ST-segment elevation on the 

electrocardiogram, cardiogenic shock, acute heart failure, and cardiac arrest at presentation. 

C-statistics were 0.82, 0.88, and 0.86 in models for older patients, younger patients, and all 

adult patients, respectively.

Adding more clinical variables for risk adjustment, however, did not materially change 

findings. As above most top and bottom performing hospitals for older patients were neither 

top nor bottom performers for younger patients (Appendix Table 2). For example, among 

153 hospitals considered to have better-than-expected or worse-than-expected mortality 

performance for older patients, 87% (133) were ranked differently for younger patients. 

Similarly, most top and bottom performing hospitals for older patients were also top 

and bottom performers for all adult patients (Appendix Table 3). For example, among 

157 hospitals considered to have better-than-expected or worse-than-expected mortality 

performance for older patients, only 11% (17) were ranked differently for all patients.

Consistent with these findings, CMS electronic measure-based HVBP achievement scores 

for older patients were again weakly correlated with HVBP achievement scores for younger 

patients (correlation coefficient 0.26, Appendix Figure 2) and strongly correlated with 

HVBP achievement scores for all adult patients (correlation coefficient 0.91, Appendix 

Figure 3).

DISCUSSION

In this analysis of detailed clinical data from the largest US registry of AMI, we found that 

hospital mortality rankings for older patients with AMI inconsistently reflected rankings for 

younger patients. Most top and bottom performing hospitals for older patients were ranked 

differently for younger patients, regardless of the approach used to identify performance 

outliers. These differences resulted in large discrepancies in achievement scores analogous 

to those used by the CMS Hospital Value-Based Purchasing Program. These results suggest 

that hospital quality for Medicare beneficiaries, the most commonly used benchmark for 

performance assessment, should not be assumed to reflect outcomes for younger persons.

Our results support the need to incorporate younger patients into hospital outcomes 

assessment. Data from younger patients are needed to permit examination of the presence 

and impact of age-related differences in hospital quality. These data are also needed for 

hospitals and clinicians to benchmark performance and continuously improve outcomes over 

time. The lack of focus on hospital outcomes for younger patients is a missed opportunity, 

as initial hospital quality for AMI may influence long-term mortality (23, 24). AMI is a 

noteworthy case, as almost half of patients are less than 65 years of age (25).

Yet substantial barriers exist to measuring hospital quality and outcomes for younger 

patients. While many states have embarked on building databases containing administrative 

claims from all payers (26, 27), there is no centralized database with health information on 

younger patients across the US. This stands in contrast to data for Medicare fee-for-service 
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beneficiaries, which are organized in an integrated repository (28). At present, clinical data 

for younger patients largely exists in databases of individual health plans or hospitals that 

do not easily link to one another. Interoperable medical record systems and devices that can 

exchange and interpret shared data (29) and link to national death indices may therefore 

be needed to examine hospital 30-day mortality rates for younger patients. The Office of 

the National Coordinator for Health Information Technology has released a roadmap for 

interoperability with the goal of achieving nationwide interoperability by 2024 (30). Yet 

a large number of impediments exist including technical challenges, privacy and security 

concerns, and lack of alignment with payment incentives (30).

The reasons why hospital mortality performance differs for older and younger patients with 

AMI are unknown. It may be that care patterns diverge by age in variable ways across 

hospitals. Previous studies have shown that high-risk older patients with AMI are less 

likely to receive guideline-concordant medical therapies and primary percutaneous coronary 

intervention (PCI) (31–33). Older patients undergoing PCI are also less likely to receive 

bleeding avoidance strategies like transradial access and vascular closure devices (34, 35). 

Treatment also varies across hospitals (36–38). However, it is not known if variability in 

treatment by age and hospital interact to influence outcomes. As incentive programs to 

improve quality for AMI have largely involved Medicare beneficiaries (20, 39, 40), it is also 

possible that our findings reflect differential attention to treatment and outcomes for older 

and younger patients. Alternatively, observed differences in hospital RSMRs by age may 

result from particular difficulties with measuring hospital quality for younger patients due 

to relatively low mortality rates in this population and relatively little variation in mortality 

performance across hospitals, both of which may caused increased instability in hospital 

rankings. In contrast, it is unlikely that our findings are explained by differences in model 

performance for older and younger patients, as model discrimination was high for all age 

groups across analyses.

While we found that hospital 30-day RSMRs for older patients may provide a useful overall 

signal of hospital-wide quality for AMI due to the preponderance of deaths among older 

adults, this result does not resolve measurement gaps for younger patients. We did not know 

a priori what our analyses would show and were hopeful that hospital mortality rates for 

older patients would be strongly correlated with mortality rates for both younger patients 

and all patients with AMI. As quality measures have proliferated and made reporting 

requirements increasingly burdensome (41, 42), a strong alignment in mortality outcomes 

for older, younger, and all patients would have suggested that current public reporting 

for Medicare beneficiaries may be sufficient to characterize hospital-wide mortality for 

AMI. Such consolidation of quality measures would be consistent with recently articulated 

priorities of CMS (43), the Institute of Medicine (44), and other organizations (45, 46). 

Unfortunately, our results have shown that Medicare outcomes in isolation may not provide 

a reliable signal of quality for younger adults. Stratified reporting of quality measures with 

separate estimates of hospital quality for both younger and older patients would permit 

further examination of the presence and impact of age-related differences in hospital quality.

Our study should be interpreted in the context of the following potential limitations. First, 

ACTION-GWTG only includes a minority of US hospitals caring for AMI. However, 
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characteristics of patients and treatment patterns in ACTION-GWTG compare favorably 

with national estimates (47), and ACTION-GWTG has been used extensively to study 

quality and outcomes after AMI (48, 49). Second, we did not calculate 30-day RSMRs with 

the administrative claims measure currently used by CMS for hospital profiling of AMI 

mortality (19). Rather, we chose to use an electronic measure with clinical data to calculate 

hospital 30-day RSMRs, as incorporation of physiologic biomarkers describing clinical 

status for risk adjustment has face validity and leverages rich data within ACTION-GWTG. 

This electronic measure was applied to all study cohorts, and findings were consistent 

across analyses. Third, our finding a weak relationship between hospital mortality for 

older and younger patients may relate to low mortality rates and limited ranges in hospital 

30-day RSMRs for younger patients, both of which increase imprecision of hospital quality 

estimates. However, model performance was especially high for younger patients in both 

primary and sensitivity analyses (c-statistics of 0.83 and 0.88, respectively) and exceeded 

model performance for older adults (respective c-statistics of 0.78 and 0.82). In addition, 

findings were based on large sample sizes with four years of study data and were unchanged 

in further sensitivity analyses that were restricted to hospitals with greater than 200 AMI 

hospitalizations among both older and younger adults during the study period (results 

available on request). Fourth, we only studied persons hospitalized with AMI and therefore 

cannot comment on the relationship of hospital mortality rates by age for patients with other 

conditions.

CONCLUSIONS

Hospital mortality rankings for older patients with AMI inconsistently reflect rankings 

for younger patients. Estimates of hospital quality using data from Medicare beneficiaries 

should therefore not be assumed to reflect quality for younger persons, who constitute 

almost one-half of patients with AMI. Additional outcomes measurement beyond Medicare 

beneficiaries may be required to understand and report care quality more broadly within 

hospitals.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Appendix

Appendix

Appendix Table 1.

Distribution of Patients By Hospital Characteristic for All Adult Patients, Older Patients, and 

Younger Patients with Acute Myocardial Infarction

Hospital Characteristic All Adult Patients 
(N=543,794)

Older Patients 
(N=267,763)

Younger Patients 
(N=276,031)

P Value for 
Difference 
between 
Hospitals 
Caring for 
Older and 
Younger 
Patients

Hospital location <0.001

 Rural (%) 81,836 (15.0) 41,093 (15.4) 40,743 (14.8)

 Suburban (%) 169,062 (31.1) 85,902 (32.1) 83,160 (30.1)

 Urban (%) 292,877 (53.9) 140,761 (52.6) 152,116 (55.1)

Participant Category <0.001

 Government (%) 9,712 (1.8) 4,161 (1.6) 5,551 (2.0)

 Private/community (%) 480,368 (88.3) 240,373 (89.8) 239,995 (87.0)

 University (%) 53,695 (9.9) 23,222 (8.7) 30,473 (11.0)

Teaching hospital (%) 248,311 (45.7) 119,056 (44.5) 129,255 (46.8) <0.001

Public hospital (%) 285,384 (52.5) 141,055 (52.7) 144,329 (52.3) 0.36

US census region <0.001

 Midwest (%) 150,924 (27.8) 75,935 (28.4) 74,989 (27.2)

 Northeast (%) 52,846 (9.7) 26,979 (10.1) 25,867 (9.4)

 South (%) 269,118 (49.5) 127,756 (47.7) 141,362 (51.2)

 West (%) 70,705 (13.0) 36,977 (13.8) 33,728 (12.2)

Dharmarajan et al. Page 11

Ann Intern Med. Author manuscript; available in PMC 2022 August 08.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://www.ACC.org


Appendix Table 2.

Hospital Ranking Agreements for Older Patients and Younger Patients with Acute 

Myocardial Infarction (Sensitivity Analysis)

Hospital 30-Day RSMRs* for Older Patients ≥65 Years-Old

Hospital 30-Day RSMRs* for 
Younger Patients <65 Years-Old

Top 20%
(n=153)

Middle 60%
(n=458)

Bottom 20%
(n=148)

Top 20% (n=153) 61 82 10

Middle 60% (n=453) 86 302 65

Bottom 20% (n=153) 6 74 73

Hospital 30-Day RSMRs* for 
Younger Patients <65 Years-Old

Top 10%
(n=77)

Middle 80%
(n=609)

Bottom 10%
(n=73)

Top 10% (n=77) 20 55 2

Middle 80% (n=604) 56 497 51

Bottom 10% (n=78) 1 57 20

Hospital 30-Day RSMRs* for 
Younger Patients <65 Years-Old

Better-Than-
Expected

(n=58)

No Different-Than-
Expected
(n=606)

Worse-Than-
Expected

(n=95)

Better-Than-Expected (n=20) 7 13 0

No Different-Than-Expected 
(n=701)

51 568 82

Worse-Than-Expected (n=38) 0 25 13

Each cell in table indicates number of hospitals (total N=759 hospitals, 227 hospitals omitted due to <50 AMI 
hospitalizations among older adults or younger adults). Shaded cells correspond to movements in hospital mortality 
rankings for older patients compared with younger patients. We used the CMS electronic measure methodology with 
additional predictor variables for ST-segment elevation on the electrocardiogram at presentation, cardiogenic shock at 
presentation, acute heart failure at presentation, and cardiac arrest at presentation when calculating hospital 30-day RSMRs 
for older patients and younger patients with AMI. We ranked hospitals by their 30-day RSMRs for older patients and 
younger patients with AMI and plotted agreement in these rankings.
*
RSMR: risk-standardized mortality rate.

Appendix Table 3.

Hospital Ranking Agreements for Older Patients and All Adult Patients with Acute 

Myocardial Infarction (Sensitivity Analysis)

Hospital 30-Day RSMRs* for Older Patients ≥65 Years-Old

Hospital 30-Day RSMRs* for All 
Adult Patients ≥18 Years-Old

Top 20%
(n=156)

Middle 60%
(n=470)

Bottom 20%
(n=156)

Top 20% (n=163) 128 35 0

Middle 60% (n=455) 28 403 24

Bottom 20% (n=164) 0 32 132

Hospital 30-Day RSMRs* for All 
Adult Patients ≥18 Years-Old

Top 10%
(n=78)

Middle 80%
(n=626)

Bottom 10%
(n=78)

Top 10% (n=83) 60 23 0

Middle 80% (n=616) 18 584 14

Bottom 10% (n=83) 0 19 64

Hospital 30-Day RSMRs* for All 
Adult Patients ≥18 Years-Old

Better-Than-
Expected

(n=58)

No Different-Than-
Expected
(n=625)

Worse-Than-
Expected

(n=99)
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Better-Than-Expected (n=88) 52 36 0

No Different-Than-Expected (n=570) 6 553 11

Worse-Than-Expected (n=124) 0 36 88

Each cell in table indicates number of hospitals (total N=782 hospitals, 204 hospitals omitted due to <50 AMI 
hospitalizations among older adults). Shaded cells correspond to movements in hospital mortality rankings for older 
patients compared with younger patients. We used the CMS electronic measure methodology with additional predictor 
variables for ST-segment elevation on the electrocardiogram at presentation, cardiogenic shock at presentation, acute heart 
failure at presentation, and cardiac arrest at presentation when calculating hospital 30-day RSMRs for older patients and all 
adult patients with AMI. We ranked hospitals by their 30-day RSMRs for older patients and all adult patients with AMI and 
plotted agreement in these rankings.
*
RSMR: risk-standardized mortality rate.
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Figure 1. Distribution of Hospital 30-Day Risk-Standardized Mortality Rates for Older Patients, 
Younger Patients, and All Adult Patients with Acute Myocardial Infarction.
Hospital 30-day risk-standardized mortality rates for older patients ≥65 years-old, younger 

patients 18–64 years-old, and all adult patients ≥18 years-old are presented sequentially 

from left to right. Hospital risk-standardized mortality rates were calculated with the Centers 

for Medicare & Medicaid Services electronic measure for acute myocardial infarction. 

RSMR: risk-standardized mortality rate.
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Figure 2. Correlation of CMS Electronic Measure Hospital Value-Based Purchasing Program 
Achievement Scores for Older Patients with Achievement Scores for Younger Patients and All 
Adult Patients with Acute Myocardial Infarction.
Hospital Value-Based Purchasing (HVBP) Program achievement scores for acute myocardial 

infarction were calculated using the Centers for Medicare & Medicaid Services’ 

methodology. Risk-standardized mortality rates were computed using the Centers for 

Medicare & Medicaid Services’ electronic measure for acute myocardial infarction rather 

than the usual publicly reported claims-based measure. The correlation of HVBP Program 

achievement scores for older patients ≥65 years-old with HVBP Program achievement 

scores for younger patients 18–64 years-old is shown in panel 2A (n=495 hospitals). The 

correlation of HVBP Program achievement scores for older patients ≥65 years-old with 

HVBP Program achievement scores for all adult patients ≥18 years-old is shown in panel 
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2B (n=490 hospitals). Circle size is proportional to the number of hospitals. The volume-

weighted trend line is displayed. HVBP: Hospital Value-Based Purchasing.
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