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Abstract

Postacute myocardial infarction (AMI) readmissions are common among Medicare beneficiaries 

(≥65 years) and are associated with significant resource utilization. However, patterns of AMI 

readmissions for younger age groups in the United States are not known. In the Nationwide 

Readmissions Database, a nationally representative all-payer database of in-patient 

hospitalizations, we identified 212,171 index AMI hospitalizations in January to November 2013, 

weighted to represent 478,247 hospitalizations nationally (mean age 66.9 years, 38% women, 29% 

low income). This included 26,516 cases in the 18 to 44 age group, 183,703 in the 45 to 64 age 

group, and 268,027 in the ≥65 age group. The overall 30-day readmission rate was 14.5% and 

varied across age groups (9.7% [18 to 44], 11.2% [45 to 64], and 17.3% [≥65]). The cumulative 

cost of 30-day readmissions was $1.1 billion, of which $365 million was spent on those <65 years 

of age. In multivariable hierarchical models, the risk of readmission was higher in women and in 

low-income patients, but the effect varied by age (p value for age-gender and age-income 

interactions <0.05) and was more prominent in the younger age groups. Further, patients in all age 

groups continue to have a high hospitalization burden beyond the typical 30-day readmission 

period, with an overall 24% post-AMI 90-day readmission rate. In conclusion, readmissions in 

young and middle-aged AMI survivors pose a substantial burden on patients and on U.S. health-

care resources. Women and low-income patients with AMI, particularly those in younger age 

groups, are more frequently readmitted, and readmissions continue to burden the health-care 

system beyond the typical 30-day window. Future investigations would need to be targeted toward 

a better understanding and improvement of the rehospitalization burden for vulnerable patient 

groups.
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Readmissions after acute myocardial infarction (AMI) are frequent in the Medicare 

population and pose a substantial burden on health-care resources.1,2 Although AMI 

readmissions are well studied in the fee-for-service Medicare population,3 patterns of 

readmission in younger patients (<65 years of age) at the national level, which constitute 

more than 40% of the AMI population in the United States, remain poorly understood.4 It is 

possible that in-hospital and postdischarge care differs in younger patients compared with 

older patients, which may influence readmission risk, particularly among certain vulnerable 

subgroups.5,6 For example, young women appear to be at a high relative risk of poor in-

hospital outcomes possibly related to delays in AMI diagnosis,5,6 and regionally limited 

studies suggest that they may have worse posthospitalization outcomes.7 Likewise, patients 

with a lower socioeconomic status may face elevated postdischarge obstacles to successful 

recuperation after AMI and may be at an elevated readmission risk.8,9 Finally, the extent to 

which differences in revascularization during index admission impacts the future risk of 

readmission across age groups remains unclear. Previous studies, however, either are limited 

by the lack of sufficient data in patients <65 years of age and the availability of 

posthospitalization outcomes, or represent data from a limited set of hospitals. To address 

this gap in knowledge, we used the 2013 Nationwide Readmissions Database (NRD), a 

nationally representative all-payer database of hospital readmissions in the United States, to 

examine patterns of readmissions after AMI across different age groups. Furthermore, we 

compared whether the risk of 30-day readmission differed based on gender, income, and 

revascularization status in younger patients (<65 years of age) compared with older patients 

(≥65 years of age). Finally, we assessed the readmission burden after AMI beyond the 

typical 30-day readmission period.

Methods

The NRD is a nationally representative, all-payer database recently developed by the 

Agency of Healthcare Research and Quality (AHRQ) to specifically study readmission 

patterns in hospitalized patients.10 The NRD is constructed using discharge-level data for 

100% of hospitalizations from the State Inpatient Databases of 21 geographically dispersed 

participating states capturing 49.3% of the total U.S. resident population, and representing 

49.1% of all U.S. hospitalizations (see Supplementary Table S1 for the list of states).11 Each 

patient is assigned a unique deidentified patient linkage number allowing tracking of all 

patients across hospitals within a state throughout a calendar year. To allow national-level 

estimates, discharge weights are provided. Further details on the design of the NRD have 

been previously reported.10

Each observation in the dataset represents a unique hospitalization. Patient characteristics 

included demographics (age and gender) and visit information (calendar month and number 

of days between hospitalizations). Information on primary and secondary discharge 

diagnoses and procedures is also included as International Classification of Diseases, Ninth 

Revision (ICD-9), Clinical Modification (ICD-9 codes). For certain diagnoses and 

procedures, information was available using the clinical classification of diseases (CCS) 

codes, a validated combination of ICD-9 that represents broad categories. We used the CCS-

coded discharge diagnoses for co-morbid conditions. When CCS codes were not available, 

we used ICD-9 codes. Other study variables included income status (household income 
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based on the zip code of residence, available as quartiles of income),6 insurance status 

(Medicare, Medicaid, private, or others), admission status (elective or nonelective), and 

length of stay. The cost of hospitalization was obtained by multiplying hospital charges with 

AHRQ’s all-payer cost-to-charge ratios for each hospital.

We identified 212,171 patients aged ≥18 years discharged alive with a primary diagnosis of 

AMI (see Supplementary Table S2 for the list of codes). To ensure that 30-day follow-up 

was available for all patients, we restricted our cohort to patients discharged from January 1, 

2013, to November 30, 2013. We also excluded patients who died during the primary 

hospitalization (n = 12,463, 5%) or were discharged against medical advice (n = 2,269, 1%). 

Patients who underwent interhospital transfer were included in our study. Data on such 

patients were combined to generate a single record to ensure that interhospital transfers were 

not counted as readmissions. Readmission in transferred patients was assigned to institutions 

where the final disposition occurred.

The primary outcome of the study, 30-day readmission, was defined as rehospitalization due 

to any cause within 30 days of discharge from the index AMI event identified using unique 

patient identifiers. First, we compared the characteristics of patients within the a priori 

defined age groups of 18 to 44, 45 to 64, and ≥65 years. Unadjusted estimates of 30-day 

readmission were obtained, both overall and for each of these age groups, and were 

expressed as percentage. The discharge weights provided in the NRD were applied to obtain 

national-level estimates of AMI readmissions.

Next, we obtained estimates of the hospitalization cost for both primary AMI admissions 

and all-cause rehospitalization. For these, we multiplied the claim charge reported in the 

NRD for each hospitalization with AHRQ’s all-payer cost-to-charge ratio for the respective 

hospitals. Next, we used multivariable hierarchical logistic regression models to identify 

associations between factors included in the current readmission models and the observed 

30-day readmission rates in our study. Our models explicitly account for clustering of 

patients at hospitals and stratification in the design of NRD. Variables for inclusion in our 

risk-adjustment models were informed by the 30-day AMI readmission model developed by 

the Centers for Medicare and Medicaid Services (CMS),12 which has been validated for this 

purpose. The variables are listed in Supplementary Table S2. We included income quartile as 

an additional covariate in the model. We assessed for (1) model discrimination using the 

concordance (c)-statistic and (2) individual predictors of readmission in this model, both 

overall and in the 3 age groups.

Based on previous literature suggesting poorer outcomes in women and in low-income 

patients below 65 years of age,7 we additionally assessed for effect modification by 

including interaction terms for age categories with gender and income status as covariates in 

the model. Because these interaction tests were significant, we further evaluated readmission 

rates in subgroups defined by age-gender and age-income. We examined the effect of 

insurance status (insured vs uninsured) on these associations by including it as an additional 

covariate in the risk-adjustment model. Finally, to assess the effect of revascularization 

during the primary AMI hospitalization on readmission differences among age groups, we 

constructed another model that included revascularization as an additional covariate. All 

Khera et al. Page 3

Am J Cardiol. Author manuscript; available in PMC 2018 November 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



patient-level analyses were performed in accordance with the survey methods recommended 

by the Healthcare Cost and Utilization Project (HCUP).13–15

In a subgroup analysis, for index AMI admissions in January to September, that is, those 

with at least 90 days of follow-up, we also describe rates of 90-day readmissions, both 

overall and across the 3 age groups. In sensitivity analyses, we sought to further examine the 

nature of readmissions. We also enumerated the top 10 readmission diagnoses grouped into 

clinically meaningful categories using CCS codes. Using a previously suggested algorithm, 

we obtained rates for “unplanned” 30-day readmissions after excluding hospitalization for 

elective procedures or those not expected as part of usual care.5 Similarly, we also examined 

the proportion of readmissions that were related to a cardiac origin using a previously 

suggested approach based on the primary readmission diagnosis.16

All analyses were performed using SAS 9.4 (SAS Institute, Cary, North Carolina). The level 

of significance was set at a p value of 0.05. The HCUP data are deidentified and were 

deemed exempt from the purview of the UT Southwestern Medical Center Institutional 

Review Board.

Results

A total of 212,171 adults (≥18 years of age) were discharged alive during January to 

November 2013 after a hospitalization for AMI (“index event”), with a weighted estimate of 

478,247 discharges nationally. Of these, 210,222 (44%) were under 65 years of age. Overall, 

the mean age was 66.9 years and 37.9% were women, with women representing a higher 

proportion of AMI in the older age groups (28% in 18 to 44 age group, 29% in 45 to 64 age 

group, and 45% in ≥65 age group). Cardiovascular co-morbidities (diabetes and 

hypertension) were common and were more frequent in the ≥65 age group (Table 1). 

Overall, 61.5% of the patients underwent revascularization during their index hospitalization 

(percutaneous coronary intervention 52.2%, coronary artery bypass grafting 9.3%), which 

was more common in the younger age groups. Medicare was the primary payer in 57.9% of 

the patients overall and in 90.5% of those over 65 years. All patient characteristics are 

reported in Table 1. Differences between women and men, as well as between different 

income groups are presented in the Appendix S1 (Supplementary Tables S3 and S4). 

Overall, 71% were discharged to home or self-care, followed by 12% to a skilled nursing 

facility (Table 2). Younger patients were predominantly discharged to home or self-care 

compared with those ≥65 years of age. Overall, the average cost for index AMI 

hospitalization was U.S.$21,387, and was similar across age groups (Table 2).

The unadjusted rate of 30-day readmission was 14.5% in the overall population. There were 

prominent differences in readmission rates among demographic subgroups by age, gender, 

income, and revascularization status. Readmission rates were higher in the older age groups 

(p-trend <0.0001). Compared with men, women had higher rates of all-cause (13.1% vs 

16.8%), unplanned (10.0% vs 14.1%), and cardiac (7.7% vs 9.3%, p <0.0001 for all) 

readmissions (Supplementary Table S3). All-cause readmission rates were higher among 

patients in the lowest-income subgroup and also trended down from the lowest to the 

highest-income quartile (Q1 [lowest quartile] 15.6%, Q2 14.6%, Q3 14.0%, and Q4 [highest 
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quartile] 13.7%; ptrend < 0.0001), which was also observed in the cardiac and unplanned 30-

day AMI readmission rates (Supplementary Table S4). Patients with AMI who underwent 

revascularization during primary hospitalization had fewer readmissions, both overall and 

across the 3 age groups (Supplementary Table S5).

The mean cost of readmissions during 30 days after discharge after an AMI was U.S.

$14,885, and was similar across age groups (Table 2). The cumulative national costs of 

index AMI events and 30-day readmissions for each age group are presented in Figure 1. Of 

the $1 billion estimated cost of AMI readmissions, over a third ($365 million, 34%) was 

spent in those <65 years of age.

In risk-adjusted analyses using hierarchical models similar to those developed by CMS, the 

overall associations between risk factors and all-cause 30-day readmission AMI were 

consistent in the overall population (Table 3) and in individual age groups (Supplementary 

Table S6). Within our a priori defined age groups, compared with patients ≥65 years, 

patients <65 years of age had lower risk-adjusted odds for readmission. Compared with men, 

women had a higher risk of 30-day readmission. However, the above associations were more 

prominent in younger patients (p value for interaction <0.05; Figure 2, Supplementary Table 

S7 of Appendix S1). Likewise, patients in the lowest-income quartile had higher odds of 

readmission compared with those in the highest-income quartile. The previously mentioned 

association, however, was limited to patients <65 years of age where the odds for 

readmission were higher in the lower-income groups compared with the highest-income 

group (Figure 2, Supplementary Table S6). Notably, revascularization for AMI was 

associated with 23% lower risk-adjusted odds of subsequent hospitalizations (risk-adjusted 

odds ratio 0.77, 95% confidence interval 0.74 to 0.80). However, the addition of insurance 

status or revascularization as an additional covariate in the risk-adjusted model did not 

attenuate the differences by age, gender, or income (Supplementary Tables S8 and S9).

In the subgroup analyses, 24.0% of the estimated 392,006 (unweighted n = 173,943) index 

AMI hospitalizations from January to September 2013 were followed by a readmission 

within 90 days with rates of 16.2% in the 18 to 44 age group, 18.6% in the 45 to 64 age 

group, and 28.4% in the ≥65 age group.

Finally, in the sensitivity analyses examining the nature of 30-day readmissions, the leading 

causes of readmission across age groups were cardiovascular (Table 4). However, whereas 

readmission events were related to manifestations of coronary artery disease, those in 

patients >65 years of age were associated with heart failure. Further, 11.5% of AMI 

hospitalizations were followed by “unplanned” 30-day readmissions, and 8.3% had 

readmissions related to a cardiac origin (Table 2). The unplanned and “cardiac” readmission 

rates closely followed the overall readmission rates in subgroups defined by age (Table 2), 

gender (Supplementary Table S3), and income quartiles (Supplementary Table S4).

Discussion

In our study, from a nationally representative all-payer sample of hospital discharges in the 

United States, we made the following key observations. First, although the risk of post-AMI 
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30-day readmission increases with advancing age, readmissions are not uncommon in 

younger patients. Over 1 in 10 patients with AMI below 65 years of age are readmitted 

within 30 days. Second, readmissions pose a substantial economic burden in both the young 

and the elderly, costing over $1 billion in 2013, and more than 1/3 of that cost ($350 million) 

is for those <65 years. Third, although women and lower-income patients had higher odds of 

readmission, these associations were more prominent in patients <65 years of age. Finally, 

patients in all age groups continue to have a high hospitalization burden beyond the 

currently measured 30-day readmission period.

Preventing posthospitalization readmissions has been identified as a potential avenue to 

mitigate extensive resource utilization in AMI care.2,17,18 However, contemporary data 

regarding burden of rehospitalization after AMI are largely derived from Medicare patients. 

Although associated with advanced age, the burden of readmission among younger patients 

is still substantial. Similar to elderly patients with AMI within Medicare,16 we found that 

readmissions were most frequently related to a cardiovascular diagnosis across all age 

groups. Further, consistent with previous studies, we also found that elderly patients with 

AMI were most frequently readmitted for heart failure16; however, readmissions in younger 

AMI survivors represented direct manifestations of coronary disease, particularly angina and 

recurrent myocardial infarction. Further, these differences did not merely represent a 

consequence of differences in the utilization of revascularization during the index 

hospitalization, because the higher revascularization rates in younger patients did not explain 

the observed age-, gender-, and income-based differences in our study. The factors that drive 

readmissions in the young would require dedicated future studies.

We found that, compared with men, the risk of readmission was higher in women, 

particularly in patients <65 years of age. We noted a disproportionately higher rate of risk-

adjusted AMI readmissions in nonelderly women. A previous study from California 

hospitals focusing on patients with AMI ≤65 years of age during 2007 to 2009 suggested a 

21% higher rate of readmission in women compared with men (risk-adjusted hazard ratio 

1.21, 95% confidence interval 1.14 to 1.29).7 Our study confirms that the vulnerability of 

young women to elevated readmission risk are not regionally limited and are observed 

across the United States. Women frequently have worse post-AMI outcomes, including 

inhospital mortality and length of stay.5 Factors underlying the observed gender-age 

interaction for readmission remain poorly understood. Studied have shown that women are 

vulnerable to underdiagnosis of AMI and suboptimal care, driven in part by atypical 

presentation and lower suspicion for AMI.19 As a result, diagnosis and reperfusion treatment 

are often delayed, which may lead to higher rates of adverse postdischarge sequelae and 

possibly early rehospitalizations.19 Women also experience complications, such as bleeding, 

more frequently.5,14 Younger women may be at a greater risk of delayed higher-risk care due 

to a lower perceived risk of AMI compared with younger men,5,20–22 which might explain 

the gender-age interaction observed in our study.

Similarly, patients in the lower-income quartile had a higher risk of readmission after AMI. 

Income-related inequalities in AMI outcomes have also been previously suggested, 

particularly among elderly Medicare beneficiaries.23,24 However, in the present study, the 

association between income and outcomes was more prominent in younger patients. Further, 

Khera et al. Page 6

Am J Cardiol. Author manuscript; available in PMC 2018 November 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



despite lower rates of health insurance in the young, observed differences in the income-

readmission relation were not explained by differences in insurance status alone. Although 

diminished access, poorer quality care,24,25 as well as social challenges after AMI 

hospitalization may portend higher readmission risk in low-income patients, our study does 

not capture these elements of care quality. Therefore, future studies are needed to better 

understand the reason for these differences.

Our study has several limitations. First, data on readmissions are available only for the year 

2013. It is, therefore, unknown if these findings are consistent over time. Second, the NRD is 

constructed from State Inpatient Databases of the included states, and therefore, 

readmissions occurring in another state are not captured. However, through extensive data 

assessments, the AHRQ has reported that <5% of readmission estimates are affected by 

readmissions across state borders across all conditions.11 Third, NRD does not include 

observation-only hospital stays. However, this is consistent with CMS readmission metrics. 

Fourth, the NRD does not provide information on race and ethnicity, and therefore other 

aspects of socioeconomic class, and would need to be addressed in a future dedicated study. 

Finally, the diagnosis of AMI and co-morbidities used in the risk-adjustment models are all 

derived from administrative claims codes, and important clinical information on disease 

severity and therapeutic strategies that may affect readmission risk is not available. However, 

the performance of the CMS model for risk adjustment that we used in our study (c-statistic 

0.67) was comparable with that in the original fee-for-service Medicare population (c-

statistic 0.63).12

In conclusion, 30-day readmissions in young and middle-aged AMI survivors pose a 

substantial burden on U.S. health-care resources. AMI readmissions vary by both age and 

sociodemographic characteristics, with women and low-income AMI survivors representing 

the highest-risk groups. Finally, AMI survivors continue to have a high risk of 

rehospitalization beyond the usual 30-day follow-up period.
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Figure 1. 
Cumulative cost of index AMI hospitalizations and 30-day readmission, overall and by age 

groups in the United States.
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Figure 2. 
Risk-adjusted odds ratio for readmission in age groups by (1) gender (significant age-gender 

interaction, p = 0.01), and (2) income (significant age-income interaction, p = 0.007), 

lowest-income quartile versus highest quartile presented (other groups included in 

Supplementary Table S6 of Appendix S1).
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Table 3

Acute myocardial infarction 30-day Readmission Logistic Regression Model (c-statistic 0.67)

Covariates Odds Ratio 95% Confidence Limits p-value

Lower Limit Upper Limit

Age (in years) 1.01 1.01 1.01 <.0001

Women vs. Men 1.17 1.13 1.20 <.0001

Income quartiles*, Q1 vs. Q4 1.17 1.13 1.20 <.0001

Income quartiles*, Q2 vs. Q4 1.13 1.07 1.19 0.0059

Income quartiles*, Q3 vs. Q4 1.07 1.02 1.13 0.34

Heart failure 1.47 1.42 1.51 <.0001

Chronic atherosclerosis 0.99 0.95 1.03 0.6129

Cardiac arrhythmia 1.11 1.08 1.15 <.0001

Valvular disease 1.10 1.06 1.14 <.0001

Stroke/transient ischemic attack 1.13 1.02 1.26 0.0237

Cerebrovascular disease 1.11 1.05 1.17 0.0004

Paralysis 1.20 1.00 1.44 0.0452

Peripheral vascular disease 1.18 1.14 1.22 <.0001

Diabetes mellitus 1.24 1.20 1.27 <.0001

Acute kidney injury 1.13 1.09 1.18 <.0001

End state renal disease/hemodialysis 2.11 1.99 2.23 <.0001

chronic kidney disease 1.23 1.19 1.28 <.0001

Chronic obstructive pulmonary disease 1.31 1.27 1.36 <.0001

Pneumonia 1.08 1.03 1.14 0.0024

Asthma 1.18 1.11 1.26 <.0001

Fluid/electrolyte disorder 1.13 1.09 1.17 <.0001

sepsis 1.19 1.08 1.30 0.0004

Solid malignancy 1.10 1.05 1.15 <.0001

Leukemia/metastatic malignancy 1.56 1.39 1.74 <.0001

Anemia 1.21 1.18 1.25 <.0001

Chronic skin ulcer 1.47 1.36 1.60 <.0001

Delirium/dementia 1.00 0.95 1.05 0.93

Malnutrition 1.06 0.99 1.13 0.0825

Anterior ST-elevation myocardial infarction 1.09 1.04 1.14 0.0002

Other ST-elevation myocardial infarction 0.90 0.85 0.94 <.0001

Prior myocardial infarction 1.04 1.00 1.09 0.082

Prior percutaneous coronary intervention 1.07 1.03 1.11 0.0004

Prior coronary artery bypass grafting 1.11 1.06 1.17 <.0001

*
Median household income quartiles based on patient zip code.
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Table 4

The 10 most frequent primary diagnoses for 30-day readmissions, for the 3 study age-groups. The diagnoses 

are presented in the descending order of frequency

Rank 
(most 
frequent 
first)

Ages

Overall 18–44 45–64 >65

1 Congestive heart failure Coronary atherosclerosis Coronary atherosclerosis Congestive heart failure

2 Acute myocardial infarction Acute myocardial infarction Acute myocardial infarction Acute myocardial infarction

3 Coronary atherosclerosis Nonspecific chest pain Congestive heart failure Coronary atherosclerosis

4 Nonspecific chest pain Congestive heart failure Nonspecific chest pain Septicemia

5 Cardiac dysrhythmias Complication of device; 
implant or graft

Complications of surgical 
procedures or medical care

Cardiac dysrhythmias

6 Septicemia Complications of surgical 
procedures or medical care

Cardiac dysrhythmias Acute and unspecified renal 
failure

7 Complications of surgical 
procedures or medical care

Hypertension (with 
complications or secondary)

Complication of device; 
implant or graft

Pneumonia

8 Complication of device; 
implant or graft

Cardiac dysrhythmias Septicemia Nonspecific chest pain

9 Acute and unspecified renal 
failure

Peri-; endo-; and myocarditis; 
cardiomyopathy

Acute cerebrovascular disease Gastrointestinal hemorrhage

10 Pneumonia Diabetes mellitus with 
complications

Pneumonia Complications of surgical 
procedures or medical care
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