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Abstract

Study Objective—Emergency Department (ED) closures threaten community access to 

emergency services, but few data exist to describe factors associated with closure. We evaluated 

factors associated with ED closure in California and sought to determine if hospitals serving more 

vulnerable populations have a higher rate of ED closure.

Methods—Retrospective cohort study of California hospital EDs between 1998 and 2008, using 

hospital and patient level data from the California Office of Statewide Planning and Development 

(OSHPD), as well as OSHPD Patient Discharge Data. We examined the effects of hospital and 

patient factors on the hospital's likelihood of ED closure using Cox proportional hazards models.

Results—In 4,411 hospital-years of observation, 29 of 401 (7.2%) EDs closed. In a model 

adjusted for total ED visits, hospital discharges, trauma center and teaching status, ownership, 
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operating margin, and urbanicity, hospitals with more black patients (OR 1.41 per increase in 

proportion of blacks by 0.1, 95% CI 1.16-1.72) and Medi-Cal recipients (OR 1.17 per increase in 

proportion insured by Medi-Cal by 0.1, 95% CI 1.02-1.34) had higher odds for ED closure, as did 

for-profit institutions (OR 1.65, 95% CI 1.13-2.41).

Conclusion—The population served by EDs and hospitals’ profit model are associated with ED 

closure. Whether our findings are a manifestation of poorer reimbursement in at-risk EDs is 

unclear.

Introduction

Emergency departments (EDs) are often referred to as the safety-net of the healthcare 

system.1 Nationally, the US population has experienced a decrease in availability of 

emergency care accompanied by an increase in patient volumes and simultaneous 

deterioration of health for those seen in EDs.2,3 Between 1990 and 2009, the annual number 

of ED visits increased over 40% (from 88.5 million to 127.3 million)4, as the number of EDs 

decreased 27%5, with an increasing proportion of the remaining EDs considered “safety-net 

EDs.” 3 Rise in ED use and fall in availability have stirred significant concern, particularly 

following passage of the Patient Protection and Affordable Care Act of 2010.6-12

California has experienced parallel trends in ED availability and usage. Between 1990 and 

2001 the total number of California hospitals that had an ED fell by 12% (from 407 to 

357).13,14 Over a similar period, there was a 27% increase in total patient visits per ED as 

well as a significant rise in critically ill patient visits.13-16 Polls suggest that Californians are 

similarly concerned about the availability, affordability, and quality of emergency care 

services.17,18

Data on risk factors predicting ED closure are sparse. Studies of hospital closures suggest 

that worsening strain on the healthcare system and financial insecurity may be associated 

with a decline in services that are less profitable, such as emergency care.7,19-21 Perhaps not 

surprisingly, decline in hospital services disproportionately affects indigent populations.22

The primary objective of this study was to determine characteristics associated with ED 

closure in California. A recent national analysis showed that ED closure was associated with 

for-profit ownership, safety-net status, low profit margin, location in a competitive market, 

and location in high-poverty communities.5 Here, we evaluated whether such results remain 

true at the regional level. Data for the national study was obtained from American Hospital 

Association (AHA) Annual Surveys, which suffer declining response rates by year and 

varying response rates by data item.5 California is an ideal case study, with more robust data 

available as well as several recent ED closures that have caught public and media 

attention.15,17 Given the paucity of data available on ED closures, it is important to evaluate 

if similar trends are demonstrated at the national and regional level. Additionally, such 

analysis may offer meaningful information for statewide policy officials and uncover 

findings that were not demonstrated on the national scale. In particular, we sought to 

determine if hospitals serving more vulnerable populations, defined as communities with 

higher proportion of minority and poorly insured individuals, have a higher rate of ED 

closure.
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Methods

Study Design

We conducted a retrospective cohort study of California hospital EDs between 1998 and 

2008.

Data sources and variables

Our study focused on California EDs and hospitals using publicly available data. These data 

came from multiple sources, including the California Office of Statewide Health Planning 

and Development (OSHPD), the American Hospital Association (AHA), and the United 

States Census data (2000). OSHPD hospital annual utilization reports, financial data, and 

patient discharge data (PDD) were our primary source of data. The OSPHD database used 

for this California analysis is very detailed and has a response rate of almost 100% every 

year for all acute care, non-federal hospitals (very rarely are there cases of delayed reporting 

due to circumstances such as closures, changes in ownership, or new openings; in rare 

instances hospitals must seek permission or obtain a waiver for not reporting); this is 

comparison to the AHA database used in a recent national analysis5, which is by self-report 

and where response rates vary by year (i.e., 92% from 1990-1994, 85% 1995-1999, 86% 

2000-2007, and 84% for 2008-2009) and have declined over time. Therefore not all the 

hospitals within the sample are captured longitudinally every year. Our internal checks 

between our AHA data and the California OSHPD show that the California data are much 

more complete.

Our key OSHPD data included patient-level demographic variables as well as hospital 

structural characteristics previously reported to be associated with ED utilization and 

closure.13,14,19,20,23-26 Using OSHPD's socioeconomic information of patients seen in each 

hospital, we created hospital-level aggregates for each year to determine the racial/ethnic 

and insurance composition of the hospitals’ patient pool. Specifically, we used PDD 

information to identify patients’ race/ethnicity to calculate the proportion of white non-

Hispanics, black non-Hispanics, Hispanics, and other (including Asian, Native American, 

Alaska Native, Hawaiian, Pacific Islanders, and unknown/masked), and also to calculate the 

proportions of Medicare, Medicaid (specifically, Medi-Cal, which is California's Medicaid 

program), uninsured, privately insured, and other forms of insurance (i.e., VA, Tricare, 

Champus, Workers Compensation etc.). We categorized the data into ten categories, each 

representing a 10% interval, in order to improve the interpretability of the estimated model 

coefficients.

For hospital structural characteristics, we included trauma center status, teaching affiliation 

(e.g., teaching hospital or non-teaching hospital), ownership (for profit, not-for-profit, 

county), and hospital-level characteristics including operating margin, annual number of ED 

visits, number of hospital beds, number of hospital discharges, and location in a rural/urban 

county. For degree of urbanicity, we used the 2003 Beale code of the US Department of 

Agriculture's Economic Research Service. We divided counties into metro (Beale code 1, 2, 

and 3) and non-metro counties (Beale codes 4-9). For trauma center status, we manually 

confirmed dates of availability and level of service with the Emergency Medical Services 
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Authority (EMSA) yearly reports and called individual facilities if there was any missing 

information.27 For annual ED visits and hospital discharges, AHA data was used to 

supplement missing data from OSHPD data (using AHA admission data as a proxy for 

OSHPD discharges due to lack of full compatibility). This imputation of missing data 

contributed a small amount of the total data for those variables (4% and 5%, respectively).

After checking and correcting for obvious data errors and omissions (e.g., single year 

missing ED status in the 1998-2008 period), we imputed incomplete hospital data using a 

multivariate normal imputation model that retained the mean and variance-covariance 

structure of the data while allowing gaps to be filled in with reasonable estimates using all 

available information. We used the rnorm() function with the vector of variable means and 

their variance-covariance matrix in the statistical programming language and environment R 

(version 2.10.1). We obtained approval from the University of California at San Francisco 

Institutional Review Board.

Outcome

Our outcome was time until ED closure. ED closures could come from either closures of 

hospitals that had an ED, or ED-only closures (where the hospital remained open). We chose 

to measure ED closures as a whole because of our desire to analyze services from the patient 

perspective and evaluate access to emergency services. We detected closures using service 

line variables present in OSHPD data indicating whether or not each hospital had an ED and 

whether or not each hospital was open during each year. Similarly, openings of EDs were 

identified when a new hospital opened or an existing hospital opened an ED during the study 

time period. Closures were not compared with openings but rather, with all existing 

hospitals offering emergency medical services, regardless of opening year.

Primary Data Analysis

We started our analysis with the premise that both patient-level and hospital-level factors 

influence the decision to close an ED. Based on previous literature describing characteristics 

associated with decreased access to care we a priori included the following predictor 

variables:percent race/ethnicity, percent insurance status, total ED visits of the hospital, 

hospital discharges, trauma center status based on EMSA designation (Level I or II = yes; all 

others = no), teaching affiliation (yes/no), hospital ownership (for-profit, not-for-profit, and 

county), operating margin, and location in an urban county.20,23,28-36 Individual patient-

level data were aggregated into hospital-level proportions of race/ethnicity (white non-

Hispanic, black non-Hispanic, Hispanic, and other non-Hispanic) and insurance status (% 

with Medicare, Medi-Cal, uninsured, private insurance, and other). We log-transformed the 

annual number (in thousands) of ED visits and hospital discharges because of skew in these 

variables.

We first characterized our data using univariate and bivariate comparisons. We then used 

Cox proportional hazard models to examine the effects of the selected predictors on the 

closure of EDs during our study time period, with and without adjusting for annual ED visits 

and hospital discharges. We separately estimated the effects of hospital-level race/ethnicity 

mix, payor mix, and hospital characteristics with the base model (adjusting for annual ED 
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visits and hospital discharges), respectively, and then performed a multivariate regression 

with all factors combined. All analyses were performed with SAS 9.2 (Cary, NC) and R 

version 10.1 (www.r-project.org).37

We checked the assumptions of the Cox proportional hazards model by testing each 

individual predictor in our final models both graphically and formally. Graphical tests 

included visual inspection for proportionality, i.e., parallel lines, of estimated survival 

functions and survival time as well as plots of log(-log(survival)) versus log(survival times). 

For continuous predictors and those with many levels, we primarily relied on formal tests of 

proportionality using scaled Schoenfeld residuals. Neither the plots nor formal testing 

indicated any serious violation of the proportional hazards assumption for any of the 

predictors. The fraction of missing data was small (4-5% substituted with AHA data and up 

to 12% imputed) and the multivariate normal imputation model produced plausible results 

and did not affect the marginal distribution of the original data nor the covariance structure. 

Due to the relatively small number of ED closures (29) we also performed a sensitivity 

analysis by conducting both a cross-validation of the data (validating on a randomly selected 

and reserved 25% of hospitals) and by drawing 500 blocked bootstrap samples and then re-

estimating each of the models. The results were robust to our findings using the whole 

sample.

Results

Of 401 hospitals, we identified 29 (7.2%) ED closures over the available 4,411 hospital-

years of observation. Hospitals experiencing ED closure had fewer annual ED visits and 

hospital discharges, and served a higher proportion of black patients and Medi-Cal patients, 

and lower proportion of white and privately insured patients (Table 1).

Table 2 displays both the unadjusted and adjusted associations with ED closure. In 

unadjusted analysis, county-owned hospitals (HR 2.79, 95% CI 1.61-4.84) and for-profit 

hospitals (HR 2.14, 95% CI 1.53-3.00) were more likely to close, as were hospitals with a 

higher proportion of black patients (HR 1.58 for every 0.1 increase in proportion served, 

95% CI 1.33-1.89) and Medi-Cal recipients (HR 1.18, 95% CI 1.09-1.28). Higher operating 

margin and hospital discharges, as well as a higher proportion of Medicare patients, were 

associated with lower hazard of ED closure.

When all covariates were included in the model (Table 2), the proportion of patients 

admitted to the hospital who were black (HR 1.41, 95% CI 1.16-1.72) remained a strong risk 

factor for ED closure. We rescaled race/ethnicity and insurance status so that each unit 

change of each continuous variable represents a 10% increase in proportion of population. In 

other words, each increase of 0.1 in the proportion of black individuals increased the odds of 

closure by 41%. Figure 1 presents a map of California ED closures overlapped with 

proportion of non-white patients in the county and hospital density (measured as the number 

of hospitals per million population). This map illustrates that closures do appear to be 

occurring in areas with high proportions of non-white patients. These closures are not 

simply in areas with increased hospital density per population. Additionally, in the final 

model, the relationship of Medi-Cal insurance to ED closure persisted (HR 1.17, 95% CI 
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1.02-1.34). Facilities with higher hospital discharges (HR 0.58, 95% CI 0.46-0.72) and 

operating margin (HR 0.43, 95% CI 0.30-0.63) were less likely to experience ED closure. 

Finally, for-profit hospitals were over 50% more likely to close (HR 1.65, 95% CI 

1.13-2.41) than not-for-profit hospitals.

In our sensitivity analyses, the results were nearly identical in the cross-validation and the 

500 blocked bootstrap analyses, the most volatile predictor being hospital control (county, 

for-profit, not-for-profit). We then tested for collinearity between hospital- and patient-level 

measures that might be expected to group, and found no evidence for this potential threat. 

For example, the rank correlation coefficient using Kendall's tau between the proportion of 

blacks and those with Medi-Cal insurance was very low (0.09 to 0.13 over our study period).

Limitations

Our study has several limitations. First, our study timeframe from 1998 to 2008 covers 2 

periods of substantial economic adjustment, the burst of the Internet bubble in 2000, and the 

economic and financial crises that began in 2007. How our data would apply to hospitals in 

the current economic environment, and upon the implementation of healthcare reform 

legislation is uncertain. However, given that healthcare financing and delivery remains 

largely private, it is conceivable that the trends in closures we report may well apply in the 

current environment. Second, ED closure was a fairly rare event in our study but the sample 

size is large enough to ensure validity of our results. Third, to determine the racial/ethnic 

and insurance composition of the hospitals’ patient pool, we used aggregate-level data, 

which may introduce bias. This is a common approach in healthcare research, and we 

attempted to control for relevant hospital and community factors to minimize any bias. 

Demographic differences seen in areas of higher population density may skew our results. 

For example, the relationship between ED closure and race may be driven by the higher 

density of African Americans living in LA County, and thus may not be generalizable to the 

rest of California. Both OSHPD and AHA data are self-reported and are susceptible to 

reporting errors. While our retrospective cohort approach has advantages for this type of 

analysis, we had limited control over the accuracy and completeness of the data included in 

the AHA survey. However, as long as the errors do not systematically differ by the 

community characteristics we examined, we do not expect to have a bias in the results. Our 

findings cannot differentiate between hospitals where both the hospital and ED close and 

hospitals where only the ED closes. There may be important differences between these 

groups, and it is conceivable that certain risk factors may be unique to one group. Finally, 

ED closure does not necessarily translate into subsequent poor access to emergency services 

or worse clinical outcomes. Other investigators have argued the impact of ED closures have 

largely been offset by increasing ED capacity at surrounding facilities13 or by alternative 

sites of care (i.e., an urgent care clinic on the Martin Luther King, Jr./Drew Medical Center). 

Even in these cases, however, patients obviously still experience significant differences in 

their geographic access to the same level of care, and it is well-documented that increased 

geographic distance is associated with decreased utilization.58,62
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Discussion

Between 1998 and 2008, closure of emergency departments in California was relatively 

infrequent, but appeared more likely to occur in hospitals that admitted a higher proportion 

of black and Medi-Cal patients, and also in for-profit hospitals.

Our data suggest yet another mechanism whereby access to care may be reduced among 

vulnerable populations. An increasing proportion of Medicaid patients are using ED services 

for their care and have largely accounted for the increase in total number of ED visits 

experienced nationally.3,24,38 Black patients more frequently rely on ED use25 as they tend 

to lack access to primary care services.39,40 Our data provide support for a potential 

association between these factors and ED closure, and further suggest that the effects of 

payor mix, longer-term access to care issues, and race all exert important influences on ED 

closure rates. The exact pathways underpinning these interactions are not easily discerned 

from our data, but they appear to comprise independent effects on risk for ED closure. This 

suggests that the pathways leading to ED closures are diverse. While it is possible, and even 

likely, that poor Medicaid reimbursement rates are partially responsible for higher risk of 

ED closure, we cannot identify a similar underlying mechanism for black patients.

Of interest, for-profit ownership is associated with higher risk of ED closure, a finding that 

held after adjusting for other patient and hospital factors. Previous work suggests that for-

profit hospitals typically exit markets as economic conditions warrant.41,42 Our data are 

concordant with the few previous studies available5, and confirm the notion that the higher 

likelihood of ED closure among for-profit centers represents a natural adaptation to financial 

stresses.

Overall, our findings are consistent with a recent report of a national trend of risk factors for 

ED closures which show that safety-net hospitals (which see a high proportion of patients 

with Medicaid) and for-profit ownership are associated with closures.5 Our study, in 

comparison with the national study, includes more detailed information regarding patient-

level demographics, specifically insurance status. Rather than depending on the Area 

Resource File (ARF) for demographic characteristics (such as percent uninsurance as well as 

race/ethnicity) by county, our California-specific data allows us calculate the exact 

proportion of patients yearly by hospital rather than county. This is a distinct advantage 

especially in large counties such as Los Angeles, where clearly the composition of patient 

demographics varies widely across hospitals within the same county. Furthermore, county 

population characteristics available within the ARF provide only the percent uninsured and 

unfortunately do not contain information regarding the proportion of Medicaid, private, and 

Medicare patients. The granularity of our California data therefore allow more precise 

calculations of factors that are attributed to each hospital.

Our regional analysis substantiates and advances current knowledge by showing that EDs in 

California in particular are also more likely to close if they serve a high proportion of black 

patients. The etiology of this relationship is likely multifactorial, but could signal that these 

hospitals face other challenges in providing quality and cost-effective care.43,44 The same 

relationship was not seen with Hispanic patients, a population that has traditionally been 
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considered vulnerable as well. Our finding is less surprising in California, which has a 

significantly higher proportion of Hispanic people relative to the national average45, and 

where prior studies have shown similar trends in racial/ethnic disparities.46 Our statewide 

analysis also reveals a cluster of ED closures in LA County. This may contribute to the 

relationship seen between ED closures and black patients, as LA County also has a higher 

proportion of black individuals compared to the remainder of California.47

The relationship between ED closure and race, as well as the cluster of closures in LA 

County, both demonstrate the importance of regional evaluation. Such findings were not 

noted in the recent national analysis of ED closures5, and should guide California policy 

officials. They may be illustrative of trends seen in other states.

Fewer EDs are located in areas with poorly insured residents after controlling for the 

community's household income,34 and hospitals are more likely to add ED capacity in 

suburban markets serving patients with more secure insurance profiles.7,34 With such 

hospitals (a significant proportion which carry non-profit status) becoming increasingly 

unwilling to provide benefit to vulnerable communities, some may question current tax 

benefits for these facilities. Some Californian counties have opted to increase property tax 

specifically to offset uncompensated traumatic and emergent care in LA County.48 The 

California senate recently approved legislation to guarantee improved Medi-Cal 

reimbursement rates at a new private hospital that will likely care for a vulnerable 

communities in south Los Angeles County.49 While the IOM has similarly advocated 

dedicated funding to reimburse uncompensated emergency care,50 we believe additional 

system-wide changes must also occur to alleviate current trends. Expanding access to and 

improving the quality of urgent care and primary care resources are crucial. Examples of this 

include expanding a) the network of community healthcare centers, b) evening and weekend 

hours, and c) access to patient-provider telephone and electronic communication. Such 

alternatives offer shorter waiting times, more convenient locations, and lower cost solutions 

to ED care.15,51,52 Some communities have opted to educate residents about primary care 

services and work toward better management of chronic diseases such as asthma and 

diabetes.53 Additionally, improving access to specialists, even through regionalization of 

services, is also imperative to the continued care of safety net communities.50,54 Addressing 

the racial and ethnic disparities will require a concerted effort and continued focus on 

workforce diversity and cultural competency.55,56

EDs are mandated under federal law to screen patients and provide urgent and emergent care 

regardless of the patient's ability to pay. ED closures can increase the geographic distance 

which has been shown to result in decreased utilization of care.57 ED closure 

disproportionately impacts vulnerable populations and leads to decreased ED utilization in 

these groups.21,58 Moreover, closure of an ED has also been associated with poor patient 

outcomes, as well as increased wait times, ambulance diversion to surrounding hospitals, 

and proportions of those who leave without having been seen.15,54,59-61 Given that EDs help 

care for a disproportionate share of vulnerable communities, it is concerning that the very 

populations that most rely on their services may experience declines in access to emergency 

care. Future research on ED closure must further delineate and quantify the impact of such 

trends on health outcomes.
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Our study reveals important insights into factors contributing to the continued decline in 

availability of emergency health care services in California. Although California is 

experiencing similar increases in demands for ED services as ED availability falls, whether 

our results hold true elsewhere remains to be examined. Nonetheless, our results suggest that 

ED closures have the potential to magnify health disparities in vulnerable populations.
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Figure 1. 
Hospital ED Closures, 1999-2008
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Table 2

Hazard of ED closure

Unadjusted Hazard Ratio 95% CI Adjusted Hazard Ratio 95% CI

Patient demographics

Percent Race/ethnicity

        White (10%) 0.74 [0.69, 0.80] Ref --

        Blacks (10%) 1.58 [1.33, 1.89] 1.41 [1.16, 1.72]

        Hispanics (10%) 1.06 [0.98, 1.16] 0.92 [0.81, 1.05]

        All other (10%) 1.10 [1.00, 1.20] 1.00 [0.89, 1.11]

Percent Insurance (%)

        Private (10%) 1.10 [0.87, 1.39] Ref --

        Medicare (10%) 0.90 [0.82, 0.99] 1.00 [0.88, 1.14]

        Medi-Cal (10%) 1.18 [1.09, 1.28] 1.17 [1.02, 1.34]

        Uninsured (10%) 1.10 [0.87, 1.39] 0.95 [0.69, 1.31]

        Other (10%) 1.70 [1.36, 2.12] 1.70 [1.19, 2.42]

Hospital and ED structura features

Total ED visits (per 1000, log-transformed) 0.87 [0.76, 1.01] 0.89 [0.77, 1.02]

Hospital discharges (per 1000, log-transformed) 0.84 [0.74, 0.97] 0.58 [0.46, 0.72]

Trauma center 1.31 [0.76, 2.29] 1.22 [0.64, 2.33]

Teaching Hospital 1.29 [0.65, 2.56] 0.59 [0.24, 1.43]

Ownership

        For-Profit 2.14 [1.53, 3.00] 1.65 [1.13, 2.41]

        County 2.79 [1.61, 4.84] 0.90 [0.38, 2.15]

Operating Margin 0.43 [0.33, 0.58] 0.43 [0.30, 0.63]

Urbanicity (metro) 1.83 [1.05, 3.22] 1.44 [0.79, 2.63]
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