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Abstract

Objective: To characterize the quantity and quality of hospital capacity across the

United States.

Data Sources: We combine a 2017 near-census of US hospital inpatient discharges

from the Healthcare Cost and Utilization Project (HCUP) with American Hospital

Association Survey, Hospital Compare, and American Community Survey data.

Study Design: This study produces local hospital capacity quantity and care quality

measures by allocating capacity to zip codes using market shares and population

totals. Disparities in these measures are examined by race and ethnicity, income, age,

and urbanicity.

Data Collection/Extraction Methods: All data are derived from pre-existing sources.

All hospitals and zip codes in states, including the District of Columbia, contributing

complete data to HCUP in 2017 are included.

Principal Findings: Non-Hispanic Black individuals living in zip codes supplied, on

average, 0.11 more beds per 1000 population (SE = 0.01) than places where non-

Hispanic White individuals live. However, the hospitals supplying this capacity have

0.36 fewer staff per bed (SE = 0.03) and perform worse on many care quality

measures. Zip codes in the most urban parts of America have the least hospital

capacity (2.11 beds per 1000 persons; SEM = 0.01) from across the rural–urban

continuum. While more rural areas have markedly higher capacity levels, urban areas

have advantages in staff and capital per bed. We do not find systematic differences

in care quality between rural and urban areas.

Conclusions: This study highlights the importance of lower hospital care quality and

resource intensity in driving racial and ethnic, as well as income, disparities in hospital

care-related outcomes. This study also contributes an alternative approach for mea-

suring local hospital capacity that accounts for cross-hospital service area flows.

Adjusting for these flows is necessary to avoid underestimating the supply of capac-

ity in rural areas and overestimating it in places where non-Hispanic Black individuals

tend to live.
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What is known on this topic

• Prior research characterizes variation in local hospital systems by assigning hospitals to par-

ticular geographic service regions.

• Hospital capacity measures imposing strict geographic markets do not account for geo-

graphic border crossings and hospital transfers, except when very broadly defined.

• Existing approaches to the identification of service areas do not adequately address access in

rural areas and multihospital markets.

What this study adds

• We apply measures of hospital capacity based on hospital market shares that more flexibly

account for hospital transfers, border crossings, and hospital usage patterns in multihospital

markets.

• Non-Hispanic Black individuals and lower income individuals live in zip codes with a mod-

estly greater hospital capacity locally, but with notably lower quality of care and resources

per bed.

• Rural populations live further from their nearest hospital, but have access to greater quanti-

ties of hospital capacity without a systematic quality disadvantage.

1 | INTRODUCTION

Health services researchers have long been interested in the distribu-

tion of US hospital capacity.1–3 The COVID-19 pandemic has further

highlighted the importance of understanding the geographic distribu-

tion of capacity since the pandemic has stretched hospital capacity to

its limits in many areas while causing unprecedented disparities in

hospitalizations and mortality across a range of socioeconomic

dimensions.4–6 In this paper, we study the distribution of hospital

capacity across the United States, focusing on geographically fine-

grained measures of both levels of hospital capacity and associated

measures of hospital resources, care quality, and patient safety. Our

method for measuring hospital capacity uses a near-census of hospital

admissions to allocate hospital capacity to patient zip codes in propor-

tion to hospitals' market shares in each zip code multiplied by the zip

code population. This approach allows us to allocate hospital capacity

across the United States in a manner that realistically reflects the

structure of hospital markets and can be viewed as following in the

tradition of patient-flow-based analyses used in other settings dating

back to Zwanziger and Melnick.7

Many other approaches to hospital capacity allocation assign all

of a given hospital's capacity to a fixed geographic area around the

hospital. For example, a hospital's capacity might be assigned to the

county in which it is located, as is done for the various county-level

hospital capacity measures released as part of the Health Resources

and Services Administration's Area Health Resources Files. Relatedly,

the Dartmouth Atlas of Health Care produces hospital capacity mea-

sures at the hospital service area (HSA) level, where HSAs are fixed

geographic areas around hospitals that approximately capture the

region in which a given hospital is the most commonly used hospital

(in terms of 1990s Medicare admissions).1 HSAs have been used to

study the geographic availability of intensive care unit capacity in the

context of COVID-19,8 the distribution of hospital capacity more

generally,9 and geographic variation in health care outcomes.10 These

approaches have advantages but carry two key drawbacks. First, they

do not allow variation in capacity within the geographic areas used for

capacity assignment. Second, they rule out the possibility of people

accessing hospital capacity outside the specified region in which they

live, shutting down the possibility of cross-border patient flows. Nei-

ther limitation affects our alternative, market share-based approach to

allocation since it allows zip codes to access varying amounts of

capacity from multiple hospitals, regardless of whether they share a

zip code, county, or HSA.

The two drawbacks associated with traditional capacity allocation

methods are significant. By ruling out variation in capacity within allo-

cation regions, they implicitly assume equal access to hospital capacity

within these areas. This assumption may not be reasonable when con-

sidering larger geographic areas, especially since even counties and

HSAs contain substantial diversity in population characteristics across

their subregions. Meanwhile, the limitation on cross-geographic bor-

der patient flows is problematic since these flows are actually quite

common. Within our sample, 39.1% (SE = 1.0%) of hospitals' dis-

charges flow to zip codes outside their own HSA, with the comparable

county-level rate being 32.5% (SE = 1.4%). Border-crossing patient

flows are common because hospital systems across the country tend

to have a hub-and-spoke structure, where hub hospitals serve as large

magnets for more specialized care while more numerous spoke hospi-

tals focus on less complex and emergency care. Not accounting for
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these patient flows risks missing that people in areas further from hub

hospitals may nonetheless access the hospitals' capacity while also

missing that people living near hub hospitals do not have an exclusive

claim on their capacity. While this cross-border patient flow problem

can be mitigated by expanding the size of capacity assignment

regions, such as when researchers aggregate HSAs into the Dart-

mouth Atlas's larger Hospital Referral Regions,11,12 this comes at the

cost of losing still further within-region variation of a sort likely to be

important in a study of hospital capacity distribution such as ours.3,13

In addition to introducing our market share-based zip code-level

hospital capacity estimates, in this paper, we provide comparisons of

the quantity and quality of hospital capacity supplied to zip codes

across a number of dimensions, including comparing across zip codes

by poverty rate and urbanicity. We also compare the quantity of qual-

ity of hospital capacity in the average zip codes inhabited by people

of different races and ethnicities, ages, and family income levels. We

also compare our capacity allocations to those obtained using alterna-

tive allocation approaches and show that leading alternatives underes-

timate capacity levels in rural areas while overestimating the capacity

available in the places where non-Hispanic Black Americans live.

2 | METHODS

2.1 | Capacity allocation

We allocate capacity from hospitals to the zip codes they serve using

the 2017 State Inpatient Databases (SIDs) from the Healthcare Cost

and Utilization Project (HCUP). Our sample includes a near census of

domestic hospital discharges for all states and the District of Colum-

bia, except for Alabama, Idaho, New Hampshire, and West Virginia.14

Our allocation procedure begins by using nonelective discharges

(i.e., discharges following hospitalizations beginning in the emergency

department, excluding healthy newborns and obstetrics admissions)

to calculate hospital market shares in each zip code. Next, we assign

hospitals a share of each zip code's total population proportional to

their market share in that zip code. We then divide each hospital's

capacity evenly among the people assigned to it and obtain zip code-

level capacity measures by, for each zip code, summing the capacity

assigned to all of its residents. This approach is designed to ensure

that if a zip code's residents tend to use hospital A rather than hospi-

tal B for nonelective care, our capacity measure will more heavily

reflect the characteristics of the former, even if the zip code is located

closer to the latter. For a more detailed description of this methodol-

ogy, including a mathematical characterization of our allocation

method, please refer to the Technical Appendix in supporting

information.

Our capacity allocation method is intended to yield a general-

purpose measure of the supply of hospital capacity available to each

zip code. This is distinct from the amount of hospital capacity used by

people in each zip code under typical conditions. While our capacity

allocation mechanism does rely on market shares and so reflects typi-

cal hospital usage patterns at least to some degree, we mitigate this

by allocating capacity in proportion to market share multiplied by zip

code population (as opposed to allocating in direct proportion to hos-

pital usage or discharges). Whether a zip code has above- or below-

average levels of hospital usage will thus not affect our measure of

the amount of hospital capacity supplied to the zip code. Typical hos-

pital usage patterns only affect our allocation by affecting the mix of

hospitals we judge zip code residents to be likely to use when seeking

nonelective care. We believe this strikes a useful balance by using real

hospital usage patterns to assess the hospitals that are feasibly avail-

able to residents of a given zip code without reducing our capacity

measure to a simple report of typical usage patterns.

2.2 | Capacity measures

Our hospital capacity measures derive primarily from the 2017 Ameri-

can Hospital Association survey. The most basic measure is the total

number of staffed beds (hereafter referred to as “beds”), excluding
bassinets and the neonatal intensive care unit. Categorizing beds

according to function, we define Type 1 beds to include general

medical-surgical beds, other general acute care beds, cardiac care unit

beds, and intensive care unit beds (ICU/CICU). These beds reflect

general-purpose hospital capacity that can be put to a wide array of

purposes and likely represent hospitals' first choice of capacity for

addressing patients facing pressing medical emergencies, including

severe cases of COVID-19. Type 2 capacity consists of specialized

adult acute care beds (beds in obstetrics units, burn care units, and all

beds in other nonsubacute, nonlong-term care units). Type 3 capacity

consists of long-term care (excluding swing beds) and other subacute

care bed capacity. We supplement these bed capacity measures with

measures of adult, nonspecialized intensive care unit beds (inclusive

of cardiac intensive care units), as well as numbers of ventilators. Our

measure of ventilator capacity was developed from HCUP data on

observed ventilator use during the period of analysis (supplemented

with American Hospital Association data).15 In all of these cases, we

normalize capacity by dividing by zip code population (in 1000s).

We also examine several hospital characteristics associated with

capacity, most of which are measured in per bed terms. These include

hospitals' number of full-time equivalent employees per bed and hos-

pitals' total annual expenditure (in 2017 dollars) per bed, which we

take as measures of hospitals' total annual variable input per bed and

their labor inputs per bed (i.e., their staffing level). To assess the

amount and vintage of hospital capital, we examined the total value of

a hospital's capital (net of depreciation and measured in 2017 dollars)

per bed and the percentage share of a hospital's initial purchased capi-

tal that has depreciated. We also calculate hospitals' annual average

total bed occupancy rates.

Finally, to measure hospital quality across the hospitals contribut-

ing capacity to each zip code, we use the AHRQ Inpatient Quality

Indicators (IQIs) and Patient Safety Indicators (PSIs) v2018,16 which

are derived from Healthcare Cost and Utilization Project State Inpa-

tient Databases (HCUP, 2007–2018),14 scaling all of these measures

by 1000 for ease of interpretation. We also supplemented these
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measures with data from the Centers for Medicare & Medicaid Ser-

vices' Hospital Compare project.17 These quality measures include

rates for heart failure mortality (IQI 16), deaths in low mortality Medi-

care Severity-Diagnosis Related Groups (MS-DRGs) (PSI 02), perioper-

ative pulmonary embolism and deep vein thrombosis (PSI 12),

perioperative hemorrhage and hematoma (PSI 09), postoperative

respiratory failure (PSI 11), type III and type IV pressure ulcers (PSI

03), and postoperative sepsis (PSI 13). In Appendix in supporting infor-

mation, we also present additional results for rates of iatrogenic pneu-

mothorax (PSI 06) and central venous catheter-related blood stream

infections (PSI 07), and, from Hospital Compare, rates of catheter-

related urinary tract infections, hospital-acquired Methicillin-resistant

Staphylococcus aureus (MRSA) infections, and hospital-acquired

Clostridioides difficile infections. An important feature of these quality

measures is that many report rates of rare but very severe adverse

patient outcomes: small changes in many of these measures can have

large implications for patient welfare.

2.3 | Socioeconomic data

Socioeconomic characteristics for our analysis come from the 2018

American Community Survey 5-year pooled data file provided by the

IPUMS National Historical Geographic Information System.18 These

zip code tabulation area characteristics include population totals, as

well as population totals for various subpopulations. These subpopula-

tions include persons under (or over) the age of 65, persons identify-

ing as Hispanic, persons identifying as non-Hispanic and Black,

persons identifying as non-Hispanic and White, and persons living in

families with family incomes falling below (or above 200% of, or

between 100% and 200% of) the federal poverty line. We also use

these data to identify the top and bottom 10% of zip codes in terms

of their poverty rate. Next, we supplement these data with the 2013

Rural-Urban Continuum Code urbanicity classifications (at the county

level).19 Finally, we use hospital location relative to zip code

population-weighted centroids to compute the distance between hos-

pitals and the average resident of each zip code, using this distance

measure to compute the distance to the nearest hospital.

2.4 | Statistical analyses

The main results we report consist of varying types of population-

weighted averages of zip code-level capacity and capacity quality

measures. For any given capacity measure, the overall capacity esti-

mate we present gives the total population-weighted average level of

that zip code level capacity measure. This weighted average carries

the interpretation of being the mean capacity level in the zip code

inhabited by the average US resident. We favor this population-

weighting approach because it centers our estimates around the

capacity supply conditions that people actually face, rather than pre-

senting an average across geographic areas without respect to their

size or population level. In addition to these overall capacity estimates,

we produce capacity averages for the zip codes inhabited by the sub-

populations of the full US population mentioned in the section above,

calculating the same weighted averages as before but using subpopu-

lation totals for each zip code rather than total zip code population.

For example, we estimate the capacity level in the zip code inhabited

by the mean non-Hispanic Black individual by taking the average of

zip code capacity-weighted by the total number of persons in each zip

code that identify as non-Hispanic and Black. We also produce

estimates for zip codes by urbanicity and by their poverty rate.

In addition to providing the above capacity estimates, we also test

whether the average zip code capacity levels encountered by different

subpopulations are statistically significantly different from one

another. Subpopulation capacity estimates that are statistically signifi-

cantly different from their comparison subpopulation mean are mar-

ked with statistical significance indicators; we also accompany all

subpopulation means (except subpopulations used as baseline com-

parison groups) with the standard error of the difference between the

given mean and the comparison subpopulation mean. Our approach

to testing for a difference in the mean capacity levels encountered by

members of subpopulations X and Y is conceptually very similar to

performing a two-sample t-test comparing each of the X and Y sub-

population's population-weighted mean capacity levels. However, we

actually implement this test via regressions with standard errors clus-

tered at the zip code level since this is the level at which capacity is

allocated. For more details on how we implement these regressions,

please refer to Technical Appendix in supporting information. Beyond

these estimates, for the overall population-weighted mean and the

subpopulations used as comparison groups, we accompany capacity

means with the zip code cluster robust standard error of the mean

(produced similarly to the standard errors for the difference in means).

3 | RESULTS

3.1 | Results by socioeconomic and demographic
characteristics

The top portion of Table 1 presents results by socioeconomic charac-

teristics, while the bottom portion presents results by urbanicity (dis-

cussed below). We found that Americans, on average, lived in zip

codes with a capacity of 2.31 total beds per 1000 persons. Only 1.52

and 0.18 of those beds, however, were Type 1 and ICU/CICU beds,

respectively. The average number of unoccupied hospital beds avail-

able, meanwhile, was 0.68 per 1000 residents, as implied by the aver-

age annual occupancy rate having been 70.72%. The average person

aged 65 or older lived in zip codes with more hospital-bed capacity

(including Type 1 and ICU/CICU) than those under age 65. Individuals

identifying as non-Hispanic and Black lived in zip codes with 0.11

more beds per 1000 persons (2.48 beds vs. 2.37; a 4.6% difference)

than did persons identifying as non-Hispanic and White. However,

non-Hispanic Black individuals' residential zip codes were served by

hospitals with higher average occupancy rates (72.89% vs. 69.50%)

and actually did not have an advantage in unoccupied bed terms.
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TABLE 1 Hospital bed capacity and occupancy by individual and zip code characteristics (2017)

All beds

(per 1000)

Type 1 beds

(per 1000)

Type 2 beds

(per 1000)

Type 3 beds

(per 1000)

Intensive care unit

beds (per 1000)

Occupancy

rate (%)

All people 2.31 1.52 0.315 0.367 0.181 70.72

SE of the mean 0.0070 0.0041 0.00088 0.0024 0.00077 0.12

Age

Under 65 2.29 1.52 0.314 0.363 0.180 70.77

SE of the mean 0.0070 0.0041 0.00089 0.0024 0.00077 0.12

65 and over 2.39*** 1.57*** 0.321*** 0.392*** 0.183*** 70.43***

SE for diff versus under 65 0.0030 0.0018 0.00037 0.00097 0.00043 0.049

Race and ethnicity

Non-Hispanic White 2.37 1.56 0.318 0.392 0.184 69.50

SE of the mean 0.0075 0.0043 0.00088 0.0029 0.00080 0.12

Non-Hispanic Black 2.48*** 1.64*** 0.348*** 0.378*** 0.198*** 72.89***

SE for diff versus

non-Hispanic White

0.013 0.0079 0.0017 0.0045 0.0014 0.19

Hispanic 2.12*** 1.40*** 0.298*** 0.310*** 0.167*** 72.02***

SE for diff versus non-

Hispanic White

0.0097 0.0057 0.0013 0.0032 0.0011 0.19

Family income

Below federal poverty level 2.43 1.59 0.329 0.395 0.188 70.66

SE of the mean 0.0088 0.0052 0.0011 0.0031 0.00099 0.14

100%–200% federal poverty

level

2.39*** 1.57*** 0.324*** 0.391*** 0.185*** 70.40***

SE for diff versus below

F.P.L.

0.0033 0.0019 0.00041 0.0011 0.00036 0.052

Over 200% federal poverty

level

2.26*** 1.50*** 0.310*** 0.355*** 0.178*** 70.81*

SE for diff versus below

F.P.L.

0.0057 0.0034 0.00075 0.0018 0.00065 0.094

Zip code poverty rate

Low poverty rate 2.03*** 1.36*** 0.278*** 0.293*** 0.165*** 71.29*

SE for diff versus neither

high nor low poverty

0.019 0.012 0.0026 0.0055 0.0023 0.38

High poverty rate 2.62*** 1.71*** 0.357*** 0.431*** 0.206*** 71.18

SE for diff versus neither

high nor low poverty

0.028 0.017 0.0036 0.0096 0.0031 0.45

Rural–urban continuum

Metropolitan county,

pop. 1 M+

2.11 1.41 0.301 0.294 0.172 73.46

SE of the mean 0.0080 0.0050 0.0012 0.0020 0.00099 0.14

Metropolitan county, pop.

250 k–1 M

2.19*** 1.47*** 0.310*** 0.303*** 0.181*** 70.65***

SE for diff versus metro

city, pop. 1 M+

0.014 0.0089 0.0021 0.0034 0.0020 0.29

Metropolitan county, pop.

<50 k

2.38*** 1.60*** 0.337*** 0.345*** 0.184*** 66.58***

SE for diff versus metro

city, pop. 1 M+

0.022 0.014 0.0030 0.0063 0.0030 0.43

Metro adjacent, urban pop.

20 k+

2.67*** 1.62*** 0.318*** 0.663*** 0.199*** 64.84***
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These differences by age, race, and ethnicity, while statistically

significant, so far are modest in size. One exception is that Hispanic

individuals' residential zip codes had 0.25 fewer (10.5% less) total

beds per capita, along with a 2.52 percentage point higher average

bed occupancy rate, than the zip codes inhabited by non-Hispanic

White people. Finally, differences in capacity by income level all

modestly favored lower family income individuals' residential zip

codes, with little associated differences in occupancy rates. However,

we did find larger differences between zip codes with low versus high

poverty rates, with capacity once again being negatively correlated

with income.

Table 2 shows that the average American lived in a zip code with

0.23 ventilators per 1000 persons, with this specialized type of hospital

capital having been distributed in a fashion similar to bed capacity overall.

In contrast to the bed capacity results, people age 65 and over lived in

zip codes that were modestly disfavored in terms of employees per

hospital bed, expenditure per bed, capital per bed, and degree of capital

depreciation. Compared to the zip codes where non-Hispanic White

people live, non-Hispanic Black individuals lived in zip codes with 0.36

fewer staff per bed and $73.11 less capital per bed, as well as lower

expenditure per bed and higher rates of capital depreciation. Meanwhile,

Hispanic individuals lived in zip codes with 0.47 fewer full-time

employees per bed but $11.51 more capital per bed and a lower share of

depreciated capital. Compared to those with family incomes over

200 percent of the federal poverty line, those with family incomes below

the federal poverty level on average lived in zip codes served by hospi-

tals with lower levels of staff, expenditure, and capital per bed. These

results are once again mirrored in the differences observed across zip

codes varying in their poverty rates. The final column of Table 2 explores

differences in distance to the nearest hospital. We find mostly small dif-

ferences in average distance to the nearest hospital across most groups,

with no differences exceeding 2miles.

TABLE 1 (Continued)

All beds

(per 1000)

Type 1 beds

(per 1000)

Type 2 beds

(per 1000)

Type 3 beds

(per 1000)

Intensive care unit

beds (per 1000)

Occupancy

rate (%)

SE for diff versus metro

city, pop. 1 M+

0.035 0.018 0.0035 0.017 0.0039 0.65

Metro non-adj, urban pop

20 k+

2.80*** 1.62*** 0.323*** 0.788*** 0.222*** 61.76***

SE for diff versus metro

city, pop. 1 M+

0.068 0.035 0.0066 0.031 0.0076 1.17

Metro adj, urban pop.

2.5–20 k

3.24*** 2.12*** 0.382*** 0.664*** 0.213*** 60.93***

SE for diff versus metro

city, pop. 1 M+

0.050 0.025 0.0045 0.023 0.0031 0.47

Metro non-adj, urban pop.

2.5–20 k

3.82*** 2.36*** 0.406*** 0.989*** 0.236*** 59.72***

SE for diff versus metro

city, pop. 1 M+

0.066 0.034 0.0055 0.031 0.0047 0.62

Metro adj, urban pop. <2.5 k 3.74*** 2.46*** 0.414*** 0.770*** 0.190*** 65.72***

SE for diff versus metro

city, pop. 1 M+

0.098 0.058 0.0086 0.039 0.0044 0.81

Metro non-adj, urban pop.

<2.5 k

5.10*** 3.21*** 0.494*** 1.330*** 0.218*** 61.19***

SE for diff versus metro

city, pop. 1 M+

0.12 0.069 0.010 0.050 0.0048 0.75

Note: All estimates shown are population-weighted averages of zip code-level hospital capacity measures. All capacity measures are allocated from

hospitals to zip codes in proportion to zip code population multiplied by zip code market share. The exact weighted average shown varies by row, with the

row specifying either total population weights (all people), weights containing population counts for the specified subpopulation (e.g., persons aged 65 and

over), or the total population-weighted average estimated among the specified subpopulation of zip codes (e.g., zip codes in the top (“high poverty”) or
bottom (“low poverty”) 10% of the poverty rate distribution). The capacity measures used in this table include hospital bed counts per 1000 people for

varying types of hospital beds and hospital bed annual average occupancy rates. Type 1 beds include general medical-surgical beds, other general acute

care beds, cardiac care unit beds, and intensive care unit beds (ICU/CICU). Type 2 capacity consists of specialized adult acute care beds. Type 3 beds

consist of long-term care and other subacute care beds, excluding swing beds. Capacity averages are paired with the standard error of the listed mean

(calculated using zip code clustered standard errors) when averages are the first to appear in a group of measures. These capacity averages are used as the

comparison group for the ensuing capacity averages, which have the zip code clustered standard error of the difference in means between them, and the

comparison means listed.

Statistical significance markers flagging statistically significant differences in means at the 0.1 (*), 0.05 (**), and 0.01 (***) levels are also shown.

Source: 2017 State Inpatient Databases from the Healthcare Cost and Utilization Project, 2017 American Hospital Association Survey, and 2018 American

Community Survey 5-year pooled data.
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TABLE 2 Hospital capacity characteristics by individual and zip code characteristics (2017)

Ventilators

Full-time

equivalent
staff (persons
per bed)

Total
expenditures
($ per bed)

Capital
($ per bed)

Percentage
of capital
depreciated (%)

Average distance
to the nearest
hospital (miles)

All people 0.227 6.89 1343.29 727.63 52.30 5.53

SE of the mean 0.00073 0.019 4.13 3.87 0.074 0.057

Age

Under 65 0.226 6.90 1346.57 729.84 52.25 5.49

SE of the mean 0.00073 0.019 4.17 3.90 0.075 0.061

65 and over 0.229*** 6.86*** 1325.01*** 715.31*** 52.56*** 5.75***

SE for diff versus under 65 0.00029 0.0085 1.85 1.69 0.030 0.047

Race and ethnicity

Non-Hispanic White 0.232 7.01 1339.67 726.25 52.51 6.03

SE of the mean 0.00076 0.020 3.98 4.23 0.075 0.058

Non-Hispanic Black 0.249*** 6.65*** 1267.57*** 653.14*** 53.92*** 4.39***

SE for diff versus non-Hispanic White 0.0013 0.030 6.37 5.20 0.12 0.059

Hispanic 0.206*** 6.54*** 1327.54* 737.76** 51.14*** 4.73***

SE for diff versus non-Hispanic White 0.0010 0.028 6.63 5.68 0.12 0.076

Family income

Below federal poverty level 0.234 6.74 1299.22 689.39 52.88 5.40

SE of the mean 0.00088 0.023 5.03 4.12 0.090 0.064

100%–200% federal poverty level 0.231*** 6.71*** 1292.29*** 692.39* 52.62*** 5.66***

SE for diff versus below F.P.L. 0.00033 0.0086 1.95 1.79 0.033 0.027

Over 200% federal poverty level 0.224*** 6.97*** 1365.79*** 744.79*** 52.09*** 5.52**

SE for diff versus below F.P.L. 0.00062 0.015 3.41 3.08 0.062 0.046

Zip code poverty rate

Low poverty rate 0.217*** 7.61*** 1513.03*** 854.23*** 50.79*** 6.20***

SE for diff versus neither high nor low

poverty

0.0028 0.068 13.35 19.46 0.27 0.15

High poverty rate 0.253*** 6.60*** 1261.94*** 626.29*** 54.41*** 5.13**

SE for diff versus neither high nor low

poverty

0.0028 0.073 16.79 12.59 0.29 0.19

Rural–urban continuum

Metropolitan county, pop. 1 M+ 0.215 6.95 1414.12 768.15 51.77 3.93

SE of the mean 0.00099 0.025 5.83 5.36 0.10 0.042

Metropolitan county, pop. 250 k–1 M 0.221*** 6.73*** 1284.80*** 707.24*** 52.54*** 6.39***

SE for diff versus metro city,

pop. 1 M+

0.0017 0.046 10.18 10.18 0.19 0.19

Metropolitan county, pop <50 k 0.236*** 7.09* 1306.64*** 687.45*** 52.95*** 7.73***

SE for diff versus metro city,

pop. 1 M+

0.0027 0.079 14.55 11.57 0.29 0.23

Metro adjacent, urban pop. 20 k+ 0.259*** 7.12* 1237.07*** 655.03*** 53.44*** 7.39***

SE for diff versus metro city,

pop. 1 M+

0.0032 0.10 18.35 21.22 0.33 0.21

Metro non-adj, urban pop. 20 k+ 0.255*** 7.15 1242.78*** 683.30*** 52.95** 9.11***

SE for diff versus metro city,

pop. 1 M+

0.0060 0.23 33.30 23.66 0.60 0.50

Metro adj, urban pop. 2.5–20 k 0.282*** 6.66*** 1150.53*** 609.18*** 53.80*** 8.64***

SE for diff versus metro city,

pop. 1 M+

0.0025 0.067 13.27 15.18 0.25 0.20
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Table 3 presents our results for selected measures of hospital

quality of care and patient safety. Differences, even when statistically

significant, were small across the zip codes inhabited by people of

different ages. Relative to the zip codes inhabited by non-Hispanic

White individuals, non-Hispanic Black individuals on averaged

inhabited zip codes with substantively similar levels of care quality

across a number of measures. However, the hospitals serving their zip

codes did feature markedly worse quality in terms of perioperative

embolism/deep vein thrombosis rates (18.0% higher), pressure ulcer

rates (17.2% higher), and postoperative sepsis rates (10.1% higher).

Meanwhile, relative to the zip codes inhabited by non-Hispanic White

people, Hispanic individuals lived in zip codes that performed better

in terms of a number of care quality and patient safety measures, but

which performed worse in terms of perioperative pulmonary

embolism and deep vein thrombosis rates, postoperative respiratory

failure rates, and postoperative sepsis rates. Next, differences in qual-

ity measures across the residential zip codes of people with varying

family incomes tended to be substantively rather small, though zip

codes with concentrated high poverty rates did exhibit markedly

lower quality and patient safety on a number of measures.

In addition to these primary quality and patient safety results, we

present similar results in Table S1, examining the iatrogenic pneumo-

thorax rate, central venous catheter-related bloodstream infections,

catheter-related urinary tract infections, hospital-acquired MRSA

infections and C. difficile infections. The associations found with these

measures are qualitatively similar to those we found for other quality

and patient safety measures in Table 3.

3.2 | Results by urbanicity

The bottom portion of Table 1 presents differences in bed capacity

and occupancy rates along the urban–rural continuum. Capacity

levels are lowest (2.11 total beds per 1000 persons), and occupancy

rates are highest (73.46%) in the average zip code inhabited by peo-

ple living in metropolitan counties with urban populations exceeding

1million people. Capacity levels tend to increase, while occupancy

rates tend to decrease, as one examines increasing less populous and

more rural areas, culminating in a residential zip code capacity level

of 5.10 beds per 1000 persons for the people living in the most rural

areas. This capacity gradient partly results from people in intermedi-

ary urbanicity places having the opportunity to avail themselves of

both suburban hospital capacity and capacity at major urban magnet

hospitals. It also likely results from the presence of rural hospitals

that are large relative to the populations they serve due to having

been situated to extend hospital access to a geographically large

rural area.

Table 2 shows that an opposite pattern tends to prevail by

urbanicity when considering measures of hospital resource availability.

Residents of more populous, more urban counties tend to live in zip

codes with higher levels of expenditure and capital per bed, as well as

lower rates of capital depreciation. However, staffing per bed does

not follow this pattern, with the number of staff per bed actually

peaking in intermediary urbanicity areas. Broadly, these differences

suggest that more populous areas partially make up for their bed

capacity supply disadvantage through higher use of other inputs.

TABLE 2 (Continued)

Ventilators

Full-time

equivalent
staff (persons
per bed)

Total
expenditures
($ per bed)

Capital
($ per bed)

Percentage
of capital
depreciated (%)

Average distance
to the nearest
hospital (miles)

Metro non-adj, urban pop. 2.5–20 k 0.303*** 6.66*** 1108.99*** 593.84*** 53.97*** 9.65***

SE for diff versus metro city,

pop. 1 M+

0.0040 0.099 18.62 21.19 0.35 0.38

Metro adj, urban pop. <2.5 k 0.275*** 6.42*** 1091.12*** 533.90*** 53.97*** 13.59***

SE for diff versus metro city,

pop. 1 M+

0.0071 0.10 21.52 13.61 0.30 0.40

Metro non-adj, urban pop. <2.5 k 0.293*** 5.77*** 960.50*** 484.02*** 54.87*** 20.51***

SE for diff versus metro city,

pop. 1 M+

0.0043 0.074 17.73 12.01 0.31 1.67

Note: All estimates shown are population-weighted averages of zip code-level hospital capacity measures. All capacity measures are allocated from

hospitals to zip codes in proportion to zip code population multiplied by zip code market share. The exact weighted average shown varies by row, with the

row specifying either total population weights (all people), weights containing population counts for the specified subpopulation (e.g., persons aged 65 and

over), or the total population-weighted average estimated among the specified subpopulation of zip codes (e.g., zip codes in the top (“high poverty”) or
bottom (“low poverty”) 10% of the poverty rate distribution). The capacity measures used in this table consist, for the most part, of measures of hospital

resource availability. Capacity averages are paired with the standard error of the listed mean (calculated using zip code clustered standard errors) when

averages are the first to appear in a group of measures. These capacity averages are used as the comparison group for the ensuing capacity averages,

which have the zip code clustered standard error of the difference in means between them, and the comparison means listed.

Statistical significance markers flagging statistically significant differences in means at the 0.1 (*), 0.05 (**), and 0.01 (***) levels are also shown.

Source: 2017 State Inpatient Databases from the Healthcare Cost and Utilization Project, 2017 American Hospital Association Survey, and 2018 American

Community Survey 5-year pooled data.
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TABLE 3 Hospital quality and patient safety measures by individual and zip code characteristics (2017)

Heart

failure
mortality
rate

Low-mortality

diagnosis-
related groups
death

Perioperative

pulmonary
embolism/deep
vein thrombosis

Perioperative
hemorrhage
or hematoma

Postoperative
respiratory
failure

Type III and
IV pressure
ulcer

Postoperative
sepsis

All people 32.28 0.555 3.38 2.21 5.26 0.635 4.30

SE of the mean 0.12 0.0048 0.013 0.0066 0.024 0.0060 0.017

Age

Under 65 32.25 0.554 3.38 2.21 5.27 0.636 4.31

SE of the mean 0.12 0.0048 0.013 0.0067 0.024 0.0060 0.017

65 and over 32.46*** 0.560*** 3.34*** 2.21** 5.20*** 0.628*** 4.25***

SE for diff versus

under 65

0.056 0.0020 0.0050 0.0030 0.011 0.0027 0.0069

Race and ethnicity

Non-Hispanic White 32.74 0.564 3.27 2.23 5.15 0.623 4.16

SE of the mean 0.13 0.0050 0.011 0.0071 0.026 0.0063 0.016

Non-Hispanic Black 31.29*** 0.597*** 3.86*** 2.20*** 5.50*** 0.730*** 4.58***

SE for diff versus

non-Hispanic

White

0.19 0.0086 0.031 0.0095 0.042 0.011 0.037

Hispanic 30.99*** 0.513*** 3.41*** 2.16*** 5.54*** 0.611* 4.55***

SE for diff versus

non-Hispanic

White

0.17 0.0070 0.022 0.012 0.042 0.0075 0.028

Family income

Below federal

poverty level

32.56 0.567 3.43 2.21 5.41 0.658 4.44

SE of the mean 0.14 0.0065 0.018 0.0080 0.030 0.0079 0.022

100%–200% federal

poverty level

32.59 0.565 3.36*** 2.20*** 5.39** 0.640*** 4.37***

SE for diff versus

below F.P.L.

0.052 0.0025 0.0067 0.0027 0.011 0.0026 0.0074

Over 200% federal

poverty level

32.14*** 0.550*** 3.37*** 2.22*** 5.19*** 0.629*** 4.26***

SE for diff versus

below F.P.L.

0.094 0.0042 0.012 0.0050 0.020 0.0049 0.014

Zip code poverty rate

Low poverty rate 32.20 0.529* 3.52*** 2.26*** 4.70*** 0.610 3.94***

SE for diff versus

neither high nor

low poverty

0.52 0.014 0.038 0.018 0.080 0.017 0.045

High poverty rate 32.25 0.606** 3.76*** 2.22 5.68*** 0.713*** 4.81***

SE for diff versus

neither high nor

low poverty

0.40 0.025 0.058 0.023 0.095 0.024 0.067

Rural–urban continuum

Metropolitan county,

pop. 1 M+

29.82 0.507 3.60 2.16 5.29 0.651 4.41

SE of the mean 0.14 0.0047 0.018 0.0074 0.029 0.0080 0.021

Metropolitan county,

pop. 250 k–1 M

33.32*** 0.581*** 3.19*** 2.34*** 5.35 0.686** 4.28***

SE for diff versus

metro city,

pop. 1 M+

0.35 0.011 0.027 0.017 0.063 0.017 0.044
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Finally, we find that the average minimum distance to the nearest

hospital ranges from 3.93miles in the most urban areas to 20.51 in

the most rural areas. While small differences in travel distances may

not be of practical concern, especially given travel times for set

distances may vary across areas by urbanicity, some of these differ-

ences likely are important.

Table 3 shows that there were large differences in hospital quality

across the rural–urban continuum but that rural areas were not

TABLE 3 (Continued)

Heart

failure
mortality
rate

Low-mortality

diagnosis-
related groups
death

Perioperative

pulmonary
embolism/deep
vein thrombosis

Perioperative
hemorrhage
or hematoma

Postoperative
respiratory
failure

Type III and
IV pressure
ulcer

Postoperative
sepsis

Metropolitan county,

pop. <50 k

32.29*** 0.591*** 3.00*** 2.32*** 5.09** 0.570*** 4.32

SE for diff versus

metro city,

pop. 1 M+

0.35 0.020 0.040 0.025 0.080 0.021 0.064

Metro adjacent,

urban pop. 20 k+

34.22*** 0.625*** 3.06*** 2.21 5.34 0.524*** 4.20**

SE for diff versus

metro city,

pop. 1 M+

0.59 0.035 0.056 0.046 0.20 0.019 0.10

Metro non-adj,

urban pop. 20 k+

37.89*** 0.508 2.91*** 2.39*** 5.46 0.484*** 3.53***

SE for diff versus

metro city,

pop. 1 M+

1.34 0.043 0.12 0.080 0.23 0.030 0.15

Metro adj, urban

pop. 2.5–20 k

40.96*** 0.736*** 2.77*** 2.10 4.77*** 0.552*** 3.77***

SE for diff versus

metro city,

pop. 1 M+

0.67 0.049 0.046 0.042 0.10 0.029 0.10

Metro non-adj,

urban pop.

2.5–20 k

51.81*** 0.869*** 2.91*** 2.30** 5.07 0.479*** 3.82***

SE for diff versus

metro city,

pop. 1 M+

1.42 0.055 0.12 0.068 0.20 0.020 0.12

Metro adj, urban

pop. <2.5 k

45.39*** 0.828*** 2.90*** 2.01*** 4.63*** 0.545*** 3.53***

SE for diff versus

metro city,

pop. 1 M+

1.61 0.12 0.15 0.052 0.11 0.028 0.078

Metro non-adj,

urban pop. <2.5 k

52.31*** 0.847*** 2.57*** 2.22 4.52*** 0.588 3.82***

SE for diff versus

metro city,

pop. 1 M+

1.55 0.072 0.12 0.10 0.10 0.042 0.099

Note: All estimates shown are population-weighted averages of zip code-level hospital quality measures. All quality measures are averages across the total

set of beds assigned from each hospital to the given zip code. The exact weighted average shown varies by row, with the row specifying either total

population weights (all people), weights containing population counts for the specified subpopulation (e.g., persons aged 65 and over), or the total

population-weighted average estimated among the specified subpopulation of zip codes (e.g., zip codes in the top (“high poverty”) or bottom (“low
poverty”) 10% of the poverty rate distribution). The measures used in this table consist of care quality and patient safety measures giving rates of severe,

adverse patient outcomes. Quality averages are paired with the standard error of the listed mean (calculated using zip code clustered standard errors)

when averages are the first to appear in a group of measures. These quality averages are used as the comparison group for the ensuing capacity averages,

which have the zip code clustered standard error of the difference in means between them, and the comparison means listed.

Statistical significance markers flagging statistically significant differences in means at the 0.1 (*), 0.05 (**), and 0.01 (***) levels are also shown. Quality

measures are all scaled by 1000 for easy examination.

Source: 2017 State Inpatient Databases from the Healthcare Cost and Utilization Project, 2017 American Hospital Association Survey, 2017 CMS Hospital

Compare Data, and 2018 American Community Survey 5-year pooled data.
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TABLE 4 Hospital bed capacity per 1000 people, allocated by hospital service area, county, and hybrid allocation methods (2017)

All hospital beds per 1000 persons

Main measure Hospital service area Hospital service area hybrid County County hybrid

All people 2.31 2.31 2.31 2.31 2.31

SE for diff versus main measure 0.016 0.016 0.015 0.015

Age

Under 65 2.29 2.30 2.30 2.31 2.30

SE for diff versus main measure 0.016 0.016 0.015 0.015

65 and over 2.39 2.37 2.36 2.33*** 2.32***

SE for diff versus main measure 0.016 0.017 0.015 0.016

Race and ethnicity

Non-Hispanic White 2.37 2.34* 2.32*** 2.29*** 2.28***

SE for diff versus main measure 0.016 0.016 0.016 0.016

Non-Hispanic Black 2.48 2.57*** 2.62*** 2.73*** 2.79***

SE for diff versus main measure 0.027 0.028 0.032 0.033

Hispanic 2.12 2.14 2.14 2.19*** 2.17***

SE for diff versus main measure 0.028 0.028 0.017 0.017

Family income

Below federal poverty level 2.43 2.42 2.44 2.46** 2.49***

SE for diff versus main measure 0.020 0.020 0.018 0.019

100%–200% federal poverty level 2.39 2.35** 2.35** 2.36* 2.37

SE for diff versus main measure 0.017 0.018 0.016 0.016

Over 200% federal poverty level 2.26 2.28 2.27 2.27 2.25

SE for diff versus main measure 0.016 0.016 0.014 0.015

Zip code poverty rate

Low poverty rate 2.03 2.11 2.08 1.98 1.91***

SE for diff versus main measure 0.060 0.065 0.039 0.039

High poverty rate 2.62 2.76* 2.86*** 2.86*** 2.99***

SE for diff versus main measure 0.074 0.076 0.056 0.058

Rural–urban continuum

Metropolitan county, pop. 1 M+ 2.11 2.21*** 2.21*** 2.22*** 2.21***

SE for diff versus main measure 0.022 0.023 0.017 0.018

Metropolitan county, pop. 250 k–1 M 2.19 2.32*** 2.30*** 2.38*** 2.38***

SE for diff versus main measure 0.028 0.028 0.031 0.031

Metropolitan county, pop. <50 k 2.38 2.52*** 2.48** 2.71*** 2.71***

SE for diff versus main measure 0.043 0.042 0.059 0.060

Metro adjacent, urban pop. 20 k+ 2.67 2.19*** 2.18*** 2.10*** 2.09***

SE for diff versus main measure 0.072 0.071 0.068 0.068

Metro non-adj, urban pop. 20 k+ 2.80 2.62* 2.58* 3.11** 3.10**

SE for diff versus main measure 0.11 0.11 0.14 0.15

Metro adj, urban pop. 2.5–20 k 3.24 2.38*** 2.43*** 1.93*** 1.93***

SE for diff versus main measure 0.078 0.080 0.078 0.078

Metro non-adj, urban pop. 2.5–20 k 3.82 3.09*** 3.11*** 3.07*** 3.03***

SE for diff versus main measure 0.10 0.11 0.11 0.11

Metro adj, urban pop <2.5 k 3.74 3.04*** 3.06*** 1.69*** 1.56***

SE for diff versus main measure 0.18 0.17 0.17 0.15
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necessarily systematically disfavored by these differences. The heart

failure mortality rate ranges from approximately one-half to two-

thirds greater at the hospitals serving people living in the most rural

areas relative to the hospitals faced by people in metropolitan

counties. People in more rural areas also generally lived in zip codes

served by hospitals with higher death rates in low mortality MS-DRGs.

In contrast, these same hospitals also exhibited perioperative pulmo-

nary embolism and deep vein thrombosis rates that were up to a quar-

ter lower than the rates in the most urban areas, alongside notably

lower rates in terms of pressure ulcer prevalence and other measures.

Overall, these results suggest that the hospitals serving people in

more rural areas have serious quality deficiencies on some dimensions

but perform better than the hospitals serving more urban areas on

others. Notably, the hospitals serving rural areas tended to perform

relatively well on quality measures less likely to be affected by patient

travel distance (e.g., pressure ulcer rates). Poorer performance in

terms of more time-sensitive quality measures like heart failure mor-

tality rates may thus reflect the adverse consequences of increased

travel time to hospitals rather than differences in the quality of care

delivered at these hospitals per se.

3.3 | Comparison to other allocation methods

In this section, we explore differences between the hospital capacity

allocations obtained using our allocation method and four alternative

approaches: allocation of hospital capacity at the Dartmouth Atlas

HSA level, allocation at the county level, and hybrid approaches that

use our market share derived approach within each of either HSAs or

counties but with the added restriction that capacity cannot be

exchanged across HSA/county borders. Detail on the construction of

these alternative capacity measures is available in Technical Appendix

in supporting information.

Table 4 presents estimates of total bed capacity per 1000 persons

across the same subpopulations used in Table 1 but using the full slate

of alternative allocation methods. To highlight the key findings, first,

the level of total bed capacity allocated to the average zip code

inhabited by non-Hispanic Black individuals is 3.6% lower (2.48

vs. 2.57) using our primary methodology relative to using HSAs and

10.1% lower (2.48 vs. 2.73) relative to using counties. These differences

are statistically significant, as judged using the same style of approach

to significance testing as the analyses in Table 1. In each case, the

hybrid allocation measures actually increase the amount of capacity

assigned to non-Hispanic Black individuals' residential zip codes. This

suggests that alternative allocation methods may overestimate hospital

capacity in these zip codes because they are near hub hospitals, which

locals cannot take exclusive advantage of due to claims on hub hospital

capacity by patients from outside the county or HSA. Second, and simi-

larly, our allocation method assigns less hospital capacity to high pov-

erty rate zip codes than all of the alternative methods. Finally, our

allocation method assigns considerably more (often in excess of 20%

more) total bed capacity to rural areas than the other allocation

methods do, reflecting that people in relatively more rural areas tend to

consume more care outside their home county and HSA.

In addition to results for overall hospital capacity, we have results

comparing the distributions of hospital staff per bed, capital per bed,

and assorted hospital quality measures obtained using the different

allocation approaches in Tables S2–S9. We also provide in Table S10

a sensitivity analysis examining how the distribution of hospital bed

capacity changes when we replicate our main allocation method but

restrict hospitals from donating capacity to zip codes more than

25, 50, and 100miles from their location.

TABLE 4 (Continued)

All hospital beds per 1000 persons

Main measure Hospital service area Hospital service area hybrid County County hybrid

Metro non-adj, urban pop <2.5 k 5.10 4.19*** 4.19*** 2.97*** 2.95***

SE for diff versus main measure 0.20 0.20 0.20 0.20

Note: All estimates shown are population-weighted averages of zip code-level measures of total hospital bed capacity, allocating from hospitals to zip

codes according to varying procedures. The main method allocates capacity from hospitals to zip codes in proportion to zip code population multiplied by

zip code market share. The Hospital Service Area and County methods simply assign hospital capacity evenly across all people residing in the hospital

service area or county in which the hospital is located. The hybrid approaches assign capacity in proportion to zip code population multiplied by zip code

market shares within either hospital service areas or counties, with the restriction that hospitals cannot contribute any capacity to places outside their own

hospital service area or county. The exact capacity-weighted average shown varies by row, with the row specifying either total population weights (all

people), weights containing population counts for the specified subpopulation (e.g., persons aged 65 and over), or the total population-weighted average

estimated among the specified subpopulation of zip codes (e.g., zip codes in the top (“high poverty”) or bottom (“low poverty”) 10% of the poverty rate

distribution). Capacity averages, other than those produced using the paper's main allocation mechanism, are paired with the standard error of the

difference between the listed mean and the corresponding capacity average produced using the main hospital allocation mechanism. This standard error is

calculated using standard errors clustered at the level at which hospital capacity is assigned to zip codes.

Statistical significance markers flagging statistically significant differences in means relative to the allocations produced by the main assignment mechanism

at the 0.1 (*), 0.05 (**), and 0.01 (***) levels are shown.

Source: 2017 State Inpatient Databases from the Healthcare Cost and Utilization Project, 2017 American Hospital Association Survey, and 2018 American

Community Survey 5-year pooled data.
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4 | DISCUSSION

In this paper, we provide an alternative method for allocating the

capacity of hospitals to the population bases they serve. The principal

advantage of our approach is that it uses a near-census of hospital dis-

charges to measure hospital use by patients in a flexible manner and

thereby generates a more realistic assignment of hospital capacity to

places. Unlike previous analyses, our approach accounts for the fact

that often more than one hospital treats patients from a given zip

code and that patients often cross geographic boundaries to seek

care. Capacity analyses based on service areas with fixed borders have

an intrinsic problem for a capacity distribution study such as ours:

drawing borders narrowly enough to provide insights into social

determinants leads to unacceptable numbers of border crossings, such

that service areas no longer measure where services are actually

obtained. In particular, we find that these issues bias leading alterna-

tive approaches that impose strict geographic boundaries to over-

estimate the supply of hospital capacity in the places where non-

Hispanic Black Americans live and where Americans with low family

incomes live while underestimating the supply of hospital capacity

available in rural areas.

Allocating hospital resources using our more flexible capacity

assignment mechanism leads to important new insights. Non-Hispanic

Black individuals and low-income populations, on average, live in zip

codes with greater hospital capacity. This capacity advantage, how-

ever, is largely erased by these zip codes being supplied capacity by

hospitals with higher occupancy rates, lower resource levels in gen-

eral, and poorer performance across many care quality and patient

safety measures. Care quality disadvantages are particularly con-

cerning since they likely have a greater day-to-day impact than total hos-

pital capacity, at least outside the context of surges in demand for

hospital care that cause capacity constraints to bind. Meanwhile, our

approach shows that rural populations live in areas with significant total

capacity advantages. The hospitals serving these areas also do not

appear to offer systematically poorer quality care; in fact, they offer

superior quality care in some respects. These hospitals, however, do tend

to perform very poorly on quality dimensions that seem likely to be sen-

sitive to patient travel time to the hospital, as it makes sense given that

rural populations typically live further from their nearest hospital.

An important consideration is that our estimates only measure

the supply of hospital capacity, not hospital usage or the demand for

hospital care. Persons living in zip codes with ample supply of hospital

capacity may nevertheless face financial constraints or other barriers

preventing them from using the supplied capacity. Our objective was

to focus on one factor that could play a role in generating disparities

in hospital use and health outcomes, and we believe our results are

best interpreted together with prior research on barriers to using hos-

pital care,20 factors driving differences in hospital usage across resi-

dents of the same zip code,13 communities' histories with racial

discrimination within the medical system,21 and the role of provider

discrimination.22 We hope that our analysis and our approach to hos-

pital capacity measurement will prove useful as inputs into further

research on these and other topics.
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