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Abstract

Background: Often patients who present to the emergency 
department (ED) with chest symptoms return to the hospi-
tal within 30 days with the same or closely related symp-
toms and are admitted, raising questions about quality 
of care, timeliness of diagnosis, and patient safety. This 
study examined the frequency of and patient character-
istics associated with subsequent inpatient admissions 
for related symptoms after discharge from an ED for chest 
symptoms.
Methods: We used data from the 2012 and 2013 Health-
care Cost and Utilization Project (HCUP) State Inpatient 
Databases (SID) and State Emergency Department Data-
bases (SEDD) from eight states to identify over 1.8 million 
ED discharges for chest symptoms.
Results: Approximately 3% of ED discharges experi-
enced potentially related subsequent admissions within 
30  days  – 0.2% for acute myocardial infarction (AMI), 
1.7% for other cardiovascular conditions, 0.5% for respir-
atory conditions, and 0.6% for mental disorders. Logis-
tic regression results showed higher odds of subsequent 
admission for older patients and those residing in low-
income areas, and lower odds for females and non White 
racial/ethnic groups. Privately insured patients had lower 
odds of subsequent admission than did those who were 
uninsured or covered by other programs.
Conclusions: Because we included multiple diagnostic 
categories of subsequent admissions, our results show a 
more complete picture of patients presenting to the ED 
with chest symptoms compared with previous studies. 
In particular, we show a lower rate of subsequent admis-
sion for AMI versus other diagnoses. ED physicians and 

administrators can use the results to identify characteris-
tics associated with increased odds of subsequent admis-
sion to target at-risk populations.

Keywords: acute myocardial infarction; chest pain; 
emergency department; mental disorders; subsequent 
admission.

Introduction
In 2012, more than 5 million patients in the United States 
presented to the emergency department (ED) with non-
specific chest pain or coronary atherosclerosis, referred to 
hereafter as chest symptoms [1]. More than 85% of these 
visits were treat and release – that is, they did not result in 
a hospital admission at the time of the ED visit [1]. Cases 
of chest symptoms often involve multiple diagnostic tests 
and extensive evaluation in the ED before patients are 
admitted to the hospital or released to outpatient follow-
up. The mean length of stay for treat-and-release ED visits 
for nonspecific chest pain is 7.4 h, nearly 3 h longer than 
the mean length of stay for visits resulting in an admis-
sion [2]. Questions about diagnostic performance, quality 
of care, and patient safety arise when treat-and-release 
patients return to the hospital within 30 days with symp-
toms that are the same or closely related and are admit-
ted. Considerable attention has been paid to identifying, 
quantifying, and learning from ED cases that result in sub-
sequent admission for a related condition.

In addition, diagnostic performance problems often 
result in high litigation settlement amounts [3]. Improved 
and multiple diagnostic tests that are currently available 
[4] bring with them increased scrutiny and expanded 
expectations for rapid and accurate diagnosis in the ED 
[5]. Previous researchers have attempted to quantify the 
extent to which acute myocardial infarction (AMI) diagno-
ses are missed in the ED and patients are discharged home 
[6–8]. More recent estimates of missed diagnosis of AMI in 
the ED have ranged from 0.5% to 2% [3, 9, 10].

These studies, while informative, have been limited by 
data obtained from a small number of facilities [3, 6–8] or 
a single payer [3, 9]. Studies that first look for AMI admis-
sions and then track patient records backwards to identify 
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treat-and-release ED visits [10] ignore the uncertainty 
involved in the initial diagnosis and the alternative condi-
tions that chest symptoms may reflect. The current study 
is the first study we are aware of to address this concern by 
investigating the issue in the opposite direction. We iden-
tify treat-and-release ED visits for chest symptoms and 
then search for those patients in the community hospital 
system for the next 30 days using all-payer data from eight 
geographically dispersed states.

This approach provides a more complete profile of 
patients discharged home after an ED visit for chest symp-
toms and an estimate of the percentage of cases that could 
be designated as a subsequent admission for AMI. We also 
provide results on subsequent admissions for common 
principal diagnoses other than AMI that present with 
chest symptoms.

Methods
Data sources

The data used for this study came from the Healthcare Cost and 
Utilization Project (HCUP) State Emergency Department Databases 
(SEDD) [11] and State Inpatient Databases (SID) [12] for eight states for 
2012 and 2013. The SEDD represent the universe of ED visits that do 
not end in a hospital admission for all community hospitals (defined 
as all non federal, short-term, general, and other specialty hospitals, 
excluding hospital units of institutions). The SID represent the uni-
verse of inpatient admissions for community hospitals, including 
visits that started in the ED. Data are available for all payer types, 
including private insurance, Medicare, Medicaid, other program, 
and uninsured populations. The states included in our analysis were 
California, Florida, Missouri, Nebraska, New York, South Carolina, 
Tennessee, and Vermont. We chose these eight states because their 
SID and SEDD include patient linkage numbers to facilitate tracking 
patients across multiple visits and hospital settings.

Analytic sample

Our study sample consisted of patients treated and released from 
the ED with a primary diagnosis of nonspecific chest pain or coro-
nary atherosclerosis and other heart disease. Diagnoses were coded 
according to the International Classification of Disease, 9th Edition, 
Clinical Modification (ICD-9-CM). We classified visits into clini-
cal groups using the Agency for Healthcare Research and Quality 
(AHRQ) Clinical Classifications Software (CCS) [13], which organizes 
ICD-9-CM diagnosis codes into clinically homogeneous groups. The 
specific CCS categories used to define index visits and admissions are 
available as Supplemental Data, Appendix Table 1.

The sample included 2,180,910 treat-and-release ED discharges 
for chest symptoms among adults (age ≥ 18 years) from January 1, 2012 
through November 30, 2013. From this population, we sequentially 

2,180,910 Initial adult, treat-and-release emergency department
discharges for chest symptoms were included in the State Emergency 

Department Databases between January 1, 2012 and November 30, 2013.

Excluded 9740 discharges (0.4%) from rehabilitation
and non-community hospitals.

Excluded 4569 discharges (0.2%) from hospitals
without data in both 2012 and 2013.

Excluded 120,593 discharges (5.5%)
missing the HCUP variables required for tracking

patients over time.

Excluded 6635 discharges (0.3%)
missing length of stay.

Excluded 2350 discharges (0.1%) with missing in-
hospital death indicators.

Excluded 579 erroneous records (0.03%) in which
stays overlap or patients return after being

discharged dead.

Excluded 132,876 discharges (6.1%) for patients
discharged against medical advice.

Excluded 5484 discharges (0.3%) for patients with 69
or more visits in 2 years.

Excluded 1922 discharges (0.1%)
missing primary expected payer.

Final sample:  1,896,162 adult emergency department discharges
from 1029 hospitals met all study criteria (86.9%).

Figure 1: Sample selection criteria.
Source: Agency for Healthcare Research and Quality, Healthcare 
Cost and Utilization Project, State Emergency Department Data-
bases for eight states (2012 and 2013).

applied exclusion criteria to produce the final study sample ( Figure 1). 
We excluded rehabilitation and non-community hospitals as defined 
by the American Hospital Association (AHA) Annual Survey of Hos-
pitals (n = 9740 discharges; 0.4%) and hospitals without data in both 
2012 and 2013 (n = 4569 discharges from 17 hospitals; 0.2%). We also 
excluded discharges missing the HCUP variables required for track-
ing patients over time (n = 120,593 discharges; 5.5%), which represent 
either patients without an identification number or discharges lack-
ing enough information to verify the identification number. Next, 
we excluded discharges missing length of stay (n = 6635 discharges; 
0.3%), missing in-hospital death indicators (n = 2350 discharges; 
0.1%), with erroneous records in which stays overlap or patients 
return after being discharged dead (n = 579 discharges; 0.03%), with 
patients discharged against medical advice (n = 132,876 discharges; 
6.1%), with patients in the top 0.01% of hospital visits, which trans-
lated into 69 or more visits in 2 years (n = 5484 discharges; 0.3%), or 
missing the primary expected payer (n = 1922 discharges; 0.1%). After 
all restrictions had been applied, 1,896,162 index ED visits from 1029 
hospitals remained in the final study sample.
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Dependent variable: subsequent admissions

Following the index treat-and-release ED visit, we tracked patients 
for inpatient admissions between 2 and 30 days later to create four 
binary dependent variables (representing four medical conditions) 
that were equal to 1 if the patient had an inpatient admission and 0 
otherwise. HCUP data do not capture mortality outside the hospital 
setting. Therefore, patients who died within 30 days of their ED dis-
charge would have been included as patients who were eligible for 
subsequent admission and coded as 0 in our dependent variables. We 
excluded next day admissions (n = 10,257; 0.5% of the analytic sam-
ple) to reduce the risk of misclassification bias due to transfers being 
counted as subsequent admissions. Related subsequent admissions 
involving several common causes of chest symptoms – cardiovascu-
lar, respiratory, and mental conditions – were categorized according 
to the principal diagnosis at discharge on the subsequent inpatient 
hospital record. For each record, we first searched for inpatient 
admissions for AMI within 2–30 days. If no AMI admission was iden-
tified, we searched for other cardiovascular admissions. If no other 
cardiovascular events were identified, we searched for admissions 
due to respiratory conditions, and then mental disorders. We added 
respiratory admissions as an outcome to capture cases in which chest 
symptoms identified in the index ED visit eventually were identified 
as a respiratory issue. We included mental disorder admissions to 
capture cases in which the index ED visit was attributable to mental 
disorders that may involve chest symptoms such as pain, discomfort, 
shortness of breath, or smothering sensations.

Independent variables

The independent variables were obtained from the index ED visit. 
These variables included patient age, sex, income quartile of the 
patient’s ZIP Code, primary expected payer (Medicare, Medicaid, pri-
vate, uninsured, or other), race/ethnicity (Hispanic, White non-His-
panic, Black non-Hispanic, other non-Hispanic, or missing). Payer 
types were derived from the expected primary payment source on 
the discharge record. We used Elixhauser comorbidities [14] entered 
as a comorbidity index [15] to represent patients’ coexisting condi-
tions. The comorbidity index condenses the impact of 29 individual 
comorbid conditions that could confound our results (e.g. hyperten-
sion, congestive heart failure, or chronic pulmonary disease) into a 
single measure [16]. Hospital characteristics, determined from the 
AHA Annual Survey of Hospitals, included an indicator of teaching 
status, bed size ( < 100, 101–200, 201–349,  ≥ 350), ownership structure 
(public nonfederal, private nonprofit, or private for-profit), census 
region (Northeast, Midwest, South, and West), location (large metro-
politan, small metropolitan, micropolitan, or noncore), and whether 
a cardiac catheterization lab was available at the site where the index 
ED visit occurred.

We also included hospital volume characteristics to control for 
differences in capacity, crowding, and weekend effects on ED diag-
nostic performance. As a proxy for hospital capacity, we created a 
daily metric capturing the percentage of ED visits resulting in admis-
sion. Specifically, we calculated the percentage of ED visits resulting 
in admission for each ED for each day of the calendar year and cat-
egorized the resulting daily values into quintiles. For this measure, a 
lower admission rate may indicate decreased availability of inpatient 
beds. To capture differences in ED crowding on the day of the index 

visit, we created a measure of daily ED volume. Specifically, we cal-
culated the number of visits for each ED for each day of the calendar 
year. Next, we ordered this daily volume from lowest to highest for 
each ED in this sample and categorized the visits into quintiles. For 
this measure, cases in the top quintile may indicate unusually high 
volume and crowding in the ED. We also included a binary indicator 
for ED visits occurring on the weekend.

Statistical analyses

We conducted univariate analyses to describe the sample. We used 
the PROC GENMOD command in SAS software version 9.4 (Cary, NC, 
USA) to estimate multivariable logistic models with standard errors 
clustered at the hospital level. We ran four separate regressions for 
AMI, other cardiovascular conditions, respiratory conditions, or 
mental disorders.

Results
Table 1 contains summary statistics for each variable 
included in the multivariable regressions. Of the 1,896,162 
treat-and-release ED visits for chest symptoms in our 
sample, we identified 3709 (0.2%) with a subsequent inpa-
tient admission for AMI, 32,710 (1.7%) with a subsequent 
inpatient admission for other cardiovascular conditions, 
8577 (0.5%) with a subsequent inpatient admission for 
a respiratory condition, and 11,785 (0.6%) with a subse-
quent inpatient admission for a mental disorder within 
2–30 days of discharge.

Table 2 shows the results of the multivariable logistic 
regressions for cardiovascular-related admissions follow-
ing discharge from an ED for chest symptoms, presented 
as odds ratios (ORs) with 95% confidence intervals (CIs). 
In Model 1 for subsequent AMI admissions after discharge 
from an ED for chest symptoms, one additional year of age 
was associated with higher odds of subsequent admission 
(OR 1.04; 95% CI 1.04–1.04). Females had substantially 
lower odds of subsequent AMI admissions (OR 0.49; 95% 
CI 0.46–0.53). Income of the patient’s ZIP Code did not 
have a statistically significant impact on subsequent AMI 
admissions. Compared with those with private insurance, 
the odds of subsequent AMI admission was highest for 
Medicaid (OR 1.45; 95% CI 1.28–1.65), then uninsured (OR 
1.17; 95% CI 1.03–1.34), and then Medicare (OR 1.12; 95% 
CI 1.00–1.26) patients. The only race/ethnicity group that 
differed from non-Hispanic Whites was Hispanics, which 
had lower odds of subsequent AMI admissions (OR 0.89; 
95% CI 0.79–0.99). Odds of a subsequent AMI admission 
increased for each additional point on the comorbidity 
index scale (OR 1.21; 95% CI 1.18–1.24).
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Table 1: Summary statistics for index ED discharges for chest symptoms, January 2012 through November 2013.a,b

Variable   n  %

Index ED discharges (chest symptoms)   1,896,162  100
Subsequent admissions identified
 Acute myocardial infarction   3709  0.2
 Other cardiovascular conditions   32,710  1.7
 Respiratory conditions   8577  0.5
 Mental disorders   11,785  0.6

  Mean, %  SD

Patient characteristic
 Age in years, mean   51.0  17.6
 Age in years, %
  18–44   37.0 
  45–64   40.1 
  65–84   19.2 
  85+   3.7 
 Sex, %
  Female   56.2 
  Male   43.8 
 Primary expected payer, %
  Medicare   28.8 
  Medicaid   16.5 
  Private insurance   34.9 
  Uninsured (self-pay or no charge)   15.7 
  Other   4.1 
 Patient income, %
  Quartile 1 (lowest)   31.6 
  Quartile 2   24.8 
  Quartile 3   22.7 
  Quartile 4 (highest)   19.1 
 Comorbidity index, mean   1.1  1.3
 Race/ethnicity, %
  Hispanic   15.2 
  White (non-Hispanic)   56.1 
  Black (non-Hispanic)   19.6 
  Other (non-Hispanic)   6.9 
  Missing   2.2 
Hospital facility characteristic
 Teaching hospital, %
  Yes   42.5 
  No   57.5 
 Hospital region, %
  Northeast   20.0 
  Midwest   8.1 
  South   40.7 
  West   31.2 
 Hospital location, %
  Large metropolitan area (residents ≥ 1 million)   57.9 
  Small metropolitan area (50,000  ≤  residents < 1 million)  30.9 
  Micropolitan area (10,000   ≤  residents  < 50,000)   8.0 
  Noncore-based area (residents  < 10,000)   3.2 
 Ownership status, %
  Government   16.6 
  Private, for-profit   16.3 
  Private, nonprofit   67.1 
 Cardiac catheterization lab available, %
  Yes   65.6 
  No   18.5 
  Unknown   15.9 
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Variable   Mean, %  SD

Hospital volume characteristic
 Admits from ED by percentile, %
  0–20th   4.5 
  21st–40th   13.9 
  41st–60th   21.9 
  61st–80th   27.7 
  81st–100th   29.2 
 ED volume by percentile, %
  0–20th   9.1 
  21st–40th   9.6 
  41st–60th   22.0 
  61st–80th   27.4 
  81st–100th   29.3 
 Weekend ED visit, %
  Yes   24.0 
  No   76.0 

ED, emergency department. aThe sample consists of adults (age  ≥ 18 years) with an ED visit for either nonspecific chest pain or coronary ath-
erosclerosis and other heart disease in January 2012 through November 2013. Admissions 1 day after discharge from an ED were excluded. 
Admissions were assigned to a subsequent admission category based on the Clinical Classifications Software category of the principal 
diagnosis. bData sources were the 2012–2013 State Inpatient Databases and State Emergency Department Databases.

Table 1 (continued)

Table 2: Multivariable logistic regression results for cardiovascular admissions within 30 days of discharge from an ED for chest symptoms.a,b

Variable  
 
 

Model 1 – AMI
Admission after ED discharge

 
 
 

Model 2 – Other cardiovascular conditions
Admission after ED discharge

OR  95% CI OR  95% CI

Patient characteristic
 Age   1.04  1.04, 1.04  1.02  1.02, 1.02
 Female   0.49  0.46, 0.53  0.53  0.52, 0.55
 Patient income
  Quartile 1 (lowest)   1.08  0.96, 1.22  1.36  1.29, 1.42
  Quartile 2   1.02  0.91, 1.14  1.25  1.20, 1.32
  Quartile 3   1.01  0.91, 1.12  1.12  1.08, 1.18
  Quartile 4 (highest)c

  Missing   1.13  0.87, 1.46  1.46  1.32, 1.61
 Primary payer
  Medicare   1.12  1.00, 1.26  1.71  1.63, 1.79
  Medicaid   1.45  1.28, 1.65  2.26  2.15, 2.37
  Private insurancec

  Uninsured   1.17  1.03, 1.34  1.31  1.24, 1.39
  Other   1.10  0.88, 1.38  1.59  1.46, 1.72
 Patient race/ethnicity
  White (non-Hispanic)c

  Black (non-Hispanic)   0.92  0.82, 1.04  1.01  0.97, 1.05
  Other (non-Hispanic)   0.95  0.82, 1.11  0.82  0.77, 0.87
  Hispanic   0.89  0.79, 0.99  0.76  0.73, 0.80
  Missing   0.86  0.69, 1.07  0.84  0.73, 0.95
 Comorbidity index   1.21  1.18, 1.24  1.26  1.25, 1.27
Hospital facility characteristic
 Teaching hospital   0.92  0.83, 1.03  0.99  0.91, 1.08
 Hospital size, no. of beds
   < 100c

  101–200   0.86  0.75, 0.99  0.93  0.85, 1.01
  201–349   0.82  0.70, 0.96  0.90  0.82, 1.00
   ≥ 350   0.78  0.65, 0.93  0.99  0.88, 1.12
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Variable  
 
 

Model 1 – AMI
Admission after ED discharge

 
 
 

Model 2 – Other cardiovascular conditions
Admission after ED discharge

OR  95% CI OR  95% CI

 Ownership status
  Government   1.03  0.91, 1.16  1.13  1.05, 1.22
  Private nonprofitc        
  Private for-profit   1.14  1.01, 1.30  1.25  1.15, 1.34
 Hospital region
  Northeast   0.96  0.83, 1.09  1.16  1.07, 1.26
  Midwest   1.21  1.03, 1.41  1.29  1.17, 1.42
  Southc        
  West   1.27  1.15, 1.41  1.21  1.13, 1.31
 Hospital location
  Large metropolitanc

  Small metropolitan   1.06  0.96, 1.18  0.79  0.74, 0.84
  Micropolitan   1.08  0.92, 1.27  0.75  0.68, 0.83
  Noncore   1.41  1.12, 1.77  0.84  0.75, 0.94
 Cardiac catheterization lab
  Available   0.88  0.78, 0.99  0.98  0.90, 1.07
  Unknown   0.91  0.79, 1.05  1.05  0.96, 1.14
Hospital volume characteristic
 Admits from ED by percentile
  Missing   1.06  0.44, 2.59  0.93  0.67, 1.29
  0–20th   1.19  1.01, 1.39  0.99  0.91, 1.06
  21st–40th   1.05  0.94, 1.19  1.00  0.96, 1.04
  41st–60thc

  61st–80th   0.96  0.87, 1.06  1.01  0.98, 1.04
  81st–100th   0.91  0.82, 1.02  1.07  1.03, 1.12
 ED volume by percentile
  Missing   1.14  0.46, 2.84  1.08  0.77, 1.51
  0–20th   0.96  0.85, 1.08  1.04  1.00, 1.08
  21st–40th   1.02  0.90, 1.15  1.06  1.02, 1.10
  41st–60thc

  61st–80th   0.98  0.89, 1.08  0.99  0.96, 1.01
  81st–100th   0.93  0.85, 1.02  0.98  0.95, 1.01
 Weekend ED visit   1.07  1.00, 1.15  1.05  1.03, 1.08

AMI, acute myocardial infarction; CI, confidence interval; ED, emergency department; OR, odds ratio. aAll regressions were estimated with 
robust standard errors clustered at the hospital level with an exchangeable correlation structure. The sample consists of adults (age ≥ 18 
years) with an ED visit for either nonspecific chest pain or coronary atherosclerosis and other heart disease in the January 2012 through 
November 2013 time period. Admissions 1 day after discharge from an ED were excluded. Admissions were assigned to a subsequent admis-
sion category based on the Clinical Classifications Software category of the principal diagnosis. bData sources were the 2012–2013 State 
Inpatient Databases and State Emergency Department Databases. cRepresents the reference group.

Table 2 (continued)

Table 2 also contains results for facility characteris-
tics. Lower odds of subsequent AMI admission after dis-
charge from the ED were found for patients seen in EDs at 
the largest hospitals (OR 0.78; 95% CI 0.65–0.93 for  ≥ 350 
beds relative to  < 100 beds). Compared with visits to EDs in 
private nonprofit hospitals, patients with index ED visits 
at private for-profit hospitals experienced higher odds of 
subsequent AMI admission (OR 1.14; 95% CI 1.01–1.30). 
Compared with patients with index ED visits in hospitals 
in the South, patients in the Midwest (OR 1.21; 95% CI 

1.03–1.41) and West (OR 1.27; 95% CI 1.15–1.41) had higher 
odds of subsequent AMI admission. ED patients in the 
least dense (noncore) locations  experienced higher odds 
of subsequent AMI admission (OR 1.41; 95% CI 1.12–1.77) 
than patients in large metropolitan areas. Having a cardiac 
catheterization lab available at a  hospital decreased the 
odds of subsequent AMI admission (OR 0.88; 95% CI 
0.78–0.99).

Regarding hospital capacity impacts, using the mid-
range quintile (41st to 60th) of daily admission rates 
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directly from the ED as the comparison group, only the 
lowest (0–20th) quintile of daily direct ED admissions had 
higher odds of subsequent AMI admission (OR 1.19; 95% 
CI 1.01–1.39). There were no effects of relative ED volume 
or weekend ED visits on subsequent AMI admissions.

The results of Model 2, which expanded the possible 
reasons for subsequent admission for other cardiovascu-
lar events, were similar to those of Model 1 with the fol-
lowing exceptions. In Model 2, patients in the three lowest 
income quartiles had substantially higher odds of sub-
sequent cardiovascular admissions after discharge from 
an ED for chest symptoms, compared with patients who 
had subsequent AMI admissions. The odds of subsequent 
admissions after discharge from an ED for chest symp-
toms by insurance were substantially higher in Model 2 
than in Model 1. In Model 2, patients with index ED visits 
in small metropolitan, micropolitan, and noncore areas 
had lower odds of subsequent admission than those who 
used EDs in large metropolitan locations, whereas only 
the noncore areas differed significantly in Model 1. The 
availability of a cardiac catheterization lab had no effect 
in Model 2. Although there were few significant results 
based on admissions from the ED or ED volume, odds of a 
subsequent admission were higher for weekend ED visits.

Table 3 contains results of the multivariable logistic 
regressions for noncardiovascular-related admissions fol-
lowing an ED visit for chest symptoms. Model 3 looked 
at subsequent admissions for respiratory conditions fol-
lowing discharge from an ED for chest symptoms. These 
results closely resemble the cardiovascular results in both 
significance and magnitude for most factors. However, 
although lower odds of subsequent admissions were seen 
for Hispanic patients (OR 0.68; 95% CI 0.63–0.75) in all 
four models, other non-Hispanic patients (OR 0.61; 95% 
CI 0.54–0.69) and those with missing race/ethnicity data 
(OR 0.78; 95% CI 0.61–0.98) also had lower odds compared 
with White non-Hispanic patients in Model 3. Unlike the 
results for Models 1 and 2, non-Hispanic Black patients 
had significantly lower odds of subsequent admissions 
(OR 0.85; 95% CI 0.79–0.91) for respiratory conditions.

Model 4 examined the association of discharge from 
an ED for chest symptoms with subsequent admissions 
for mental disorders. The results were similar to previous 
models, although the direction of the ORs for age, hospi-
tal size, and ED activity were different, and magnitudes 
of some other associations were stronger. In Model 4, 
increasing age decreased the odds of subsequent admis-
sion for mental disorders (OR 0.97; 95% CI 0.97–0.98). In 
Model 4, insurance effects were in the same direction as 
in other models but were stronger for subsequent admis-
sions for mental disorders (e.g., for Medicaid, OR 4.39; 

95% CI 4.03–4.80). Unlike the other models, patients 
with index ED visits in hospitals with more beds had 
higher odds for subsequent admissions for mental dis-
orders. Patients with index ED visits in private for-profit 
hospitals had higher odds of subsequent admission for 
mental disorders (as was seen in the other models), as 
did patients receiving ED services in government hospi-
tals (OR 1.25; 95% CI 1.06–1.48). Patients receiving ED care 
on days when the admission rate was the lowest quintile 
(0–20th percentile) had lower odds of subsequent mental 
disorder admissions (OR 0.89; 95% CI 0.75–0.99), whereas 
those with index ED visits on days in the highest quintile 
(81st–100th percentile) had higher odds (OR 1.09; 95% CI 
1.01–1.17) than did patients in the midrange of ED activity 
(41st–60th percentile).

Discussion
Our findings have potential implications for evaluation 
of diagnostic performance. These relate to (1) the effect of 
insurance in the context of the Affordable Care Act and (2) 
variation in results for different types of patients across 
diagnostic categories.

The odds of subsequent admission after discharge 
from an ED for chest symptoms were often 2–3 times 
higher for uninsured patients and those covered by Med-
icaid, Medicare, or other programs than for privately 
insured patients, especially for those with respiratory or 
mental conditions. This finding implies that among those 
discharged, (1) privately insured patients are more likely 
than other patients to receive accurate diagnoses at the 
time of an ED visit for chest symptoms and (2) respiratory 
and mental disorder diagnoses related to chest symptoms 
are more likely to be missed when patients without private 
insurance visit the ED with chest symptoms.

As the Affordable Care Act has increased the 
number of patients who have private insurance via state 
exchanges, our findings suggest the accuracy of diagnoses 
may improve for these privately insured patients present-
ing to the ED with chest symptoms. Whether this is true 
depends on the underlying reasons for fewer subsequent 
admissions for privately insured patients. Does the relative 
generosity of private reimbursement influence diagnosis? 
Or does the clinical profile of patients with private insur-
ance somehow drive the cognitive process of diagnosis? Or 
both? Considering Medicaid expansion under the Afford-
able Care Act might lead us to conclude the opposite – that 
new Medicaid patients are more likely to have subsequent 
admissions when they present with chest symptoms. This 
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Table 3: Multivariable logistic regression results for respiratory and mental disorder admissions within 30 days of discharge from an ED for 
chest symptoms.a,b

Variable  
 
 

Model 3 – Respiratory conditions
Admission after ED discharge

 
 
 

Model 4 – Mental disorders
Admission after ED discharge

OR   95% CI OR   95% CI

Patient characteristic
 Age   1.02   1.02, 1.02   0.97   0.97, 0.98
 Female   0.85   0.81, 0.89   0.50   0.47, 0.53
 Patient income
  Quartile 1 (lowest)   1.68   1.52, 1.85   1.34   1.21, 1.48
  Quartile 2   1.43   1.30, 1.57   1.14   1.04, 1.26
  Quartile 3   1.18   1.08, 1.29   1.02   0.93, 1.13
  Quartile 4 (highest)c

  Missing   1.57   1.32, 1.86   2.69   2.30, 3.15
 Primary payer
  Medicare   2.79   2.56, 3.04   3.72   3.42, 4.05
  Medicaid   3.47   3.19, 3.77   4.39   4.03, 4.80
  Private insurancec

  Uninsured   1.33   1.20, 1.49   1.96   1.80, 2.15
  Other   1.69   1.41, 2.02   2.64   2.30, 3.04
 Patient race/ethnicity
  White (non-Hispanic)c

  Black (non-Hispanic)   0.85   0.79, 0.91   0.60   0.56, 0.65
  Other (non-Hispanic)  0.61   0.54, 0.69   0.44   0.39, 0.50
  Hispanic   0.68   0.63, 0.75   0.50   0.45, 0.56
  Missing   0.78   0.61, 0.98   0.82   0.66, 1.03
  Comorbidity index   1.29   1.27, 1.32   1.30   1.28, 1.32
Hospital facility characteristic
 Teaching hospital   0.91   0.81, 1.01   1.09   0.95, 1.25
 Hospital size, no. of beds
   < 100c

  101–200   0.97   0.84, 1.12   1.14   0.97, 1.34
  201–349   0.90   0.78, 1.05   1.32   1.09, 1.59
   ≥ 350   1.00   0.84, 1.19   1.64   1.32, 2.03
 Ownership status
  Government   1.08   0.97, 1.20   1.25   1.06, 1.48
  Private nonprofitc

  Private for-profit   1.23   1.11, 1.36   1.35   1.17, 1.56
  Hospital region
  Northeast   1.10   0.99, 1.23   1.95   1.65, 2.29
  Midwest   1.24   1.08, 1.41   1.99   1.70, 2.32
  Southc

  West   1.03   0.93, 1.14   1.10   0.93, 1.29
 Hospital location
  Large metropolitanc

  Small metropolitan   0.94   0.86, 1.02   0.61   0.53, 0.69
  Micropolitan   0.81   0.71, 0.93   0.54   0.46, 0.64
  Noncore   0.91   0.76, 1.10   0.47   0.38, 0.59
 Cardiac catheterization lab
  Available   0.94   0.83, 1.05   1.04   0.89, 1.22
  Unknown   0.96   0.84, 1.09   1.18   1.02, 1.38
Hospital volume characteristics
 Admits from ED by percentile
  Missing   1.18   0.86, 1.61   1.23   0.86, 1.77
  0–20th   1.03   0.91, 1.17   0.86   0.75, 0.99
  21st–40th   0.98   0.90, 1.07   0.93   0.86, 1.01
  41st–60thc

  61st–80th   1.03   0.96, 1.10   1.03   0.97, 1.09
  81st–100th   1.08   0.99, 1.17   1.09   1.01, 1.17
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Variable  
 
 

Model 3 – Respiratory conditions
Admission after ED discharge

 
 
 

Model 4 – Mental disorders
Admission after ED discharge

OR   95% CI OR   95% CI

 ED volume by percentile
  Missing   1.20   0.86, 1.67   0.74   0.52, 1.06
  0–20th   0.96   0.88, 1.05   0.98   0.91, 1.05
  21st–40th   0.94   0.87, 1.02   1.00   0.94, 1.06
  41st–60thc

  61st–80th   0.98   0.93, 1.04   1.00   0.95, 1.05
  81st–100th   0.97   0.92, 1.03   0.98   0.93, 1.03
 Weekend ED visit   1.13   1.08, 1.18   1.15   1.10, 1.19

CI, confidence interval; ED, emergency department; OR, odds ratio. aAll regressions were estimated with robust standard errors clustered 
at the hospital level with an exchangeable correlation structure. The sample consists of adults (age ≥ 18 years) with an ED visit for either 
nonspecific chest pain or coronary atherosclerosis and other heart disease in the January 2012 through November 2013 time period. Admis-
sions 1 day after discharge from an ED were excluded. Admissions were assigned to a subsequent admission category based on the Clinical 
Classifications Software category of the principal diagnosis. bData sources were the 2012–2013 State Inpatient Databases and State Emer-
gency Department Databases. cRepresents the reference group.

Table 3 (continued)

may be because Medicaid reimbursement rates are lower 
than private rates or because Medicaid patients have a 
younger profile, unlike the typical chest symptom patient. 
Furthermore, payer groups may reflect disease severity 
that is observed by ED clinicians but not captured by our 
other covariates. If our results reflect subtle differences 
in provider behavior rather than bias due to unmeasured 
patient severity, hospital administrators may be able to 
improve patient safety and reduce subsequent admissions 
by raising awareness among ED clinicians of the potential 
for missing diagnoses.

Compared with other diagnoses, we found fewer 
eventual AMI diagnoses via subsequent admission and 
also that patient attributes were less important in predict-
ing subsequent AMI admissions. For example, income of 
the patient’s ZIP Code did not influence the odds of AMI 
admissions after ED release, but it was strongly associated 
with other diagnosis outcomes. The effects of payer and 
comorbidity were smaller for AMI than for other diagno-
ses. The acute and life-threatening nature of AMI rela-
tive to the other chronic conditions studied, the common 
approach of ruling out AMI first among reasons for chest 
pain, and the effectiveness of patient education about 
chest pain and heart attacks all may intensify focus on 
AMI as a potential diagnosis when chest symptoms are 
presented.

At the other end of the spectrum is the mental disor-
der category. Almost all the patient and hospital factors 
we studied had a higher association with subsequent 
admissions for mental disorders after discharge from an 
ED for chest symptoms. Public payment or uninsured 

patients were 2–4 times more likely than privately insured 
patients to return for a subsequent mental disorder admis-
sion after discharge from an ED for chest symptoms. It is 
notable that patients in larger hospitals were more likely 
to return for a subsequent mental disorder admission after 
discharge from an ED for chest symptoms because the 
opposite was the case for all other delayed diagnosis cat-
egories. Also patients in EDs in larger metropolitan areas 
were more likely to return for subsequent admission for 
mental disorders than in smaller geographic areas. These 
findings suggest that hospitals that deal with mental dis-
orders on an ongoing basis (large, metropolitan, public 
hospitals) may be more prone to overlooking a mental 
disorder when patients present with chest symptoms. Or 
these institutions may have capacity constraints leading 
them to discharge these patients knowing their conditions 
are not life threatening.

This study has four limitations. First, because it used 
data from eight states, the results cannot be generalized 
nationwide. Second, because the data came from admin-
istrative discharge records, we could not distinguish the 
complexity of illness and difficulty of diagnosis of patients 
based on laboratory test results, physical history, mental 
tests, symptom details, or emergency interventions, all of 
which have implications for diagnostic complexity and 
performance. However, the Elixhauser Comorbidity system 
has demonstrated superior performance for measuring 
the effect of comorbid conditions on patient outcomes 
when using administrative data [17]. Third, the study 
may underestimate the percentage of treat-and-release 
ED visits for chest symptoms resulting in a subsequent 
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inpatient admission. We excluded admissions identified 
1 day after discharge from the ED to avoid counting them 
as subsequent admissions when they may have been 
direct admissions from the ED. This exclusion may have 
resulted in the omission of true ED discharges that subse-
quently were admitted within one calendar day; however, 
this affected  < 1% of the analytic sample. Fourth, as men-
tioned earlier, HCUP data do not capture mortality outside 
the hospital setting. Therefore, patients who died within 
30 days of their ED discharge would have been included in 
the denominator of patients who were eligible for subse-
quent admission, which could bias the results in unknown 
ways.

Conclusions
Our study clarifies how often patients with ED visits for 
chest symptoms experience subsequent inpatient admis-
sions for related symptoms, providing new information 
on patient and hospital characteristics associated with 
subsequent admissions for a diverse set of related clinical 
conditions estimated in a large, all-payer database. The 
clinical conditions potentially related to chest symptoms 
that we studied include a broad definition of cardiovascu-
lar conditions, respiratory conditions, and mental disor-
ders, extending the generalizability of our results beyond 
AMI cases. Our findings could inform the work of medical 
specialty organizations that are developing guidelines 
and tools for triage of patients with chest pain. And, ED 
administrators might use these results to identify popula-
tions with increased odds of returning to the hospital after 
discharge from the ED for chest symptoms.
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