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Abstract
Background and Objectives It is controversial whether hospital care mitigated or exacerbated population level racial and 
ethnic disparities in COVID-19 mortality. To begin answering that question, this study analyzed variations in COVID-19 
hospital mortality in Illinois by patient race and ethnicity and by hospital characteristics, while providing an estimate of 
hospital-level variation in COVID-19 mortality.
Method This is a retrospective cohort study based on hospital administrative data for adult patients with COVID-19 dis-
charged from acute care, non-federal Illinois hospitals from April 1, 2020 through June 30, 2021. The association of patient 
and hospital characteristics with the likelihood of death was analyzed using multilevel logistic regression.
Results There were 158,569 COVID-19-coded admissions to 181 general hospitals in Illinois; 14.5% resulted in death or 
discharge to hospice. Hospital deaths accounted for nearly 90% of all COVID-19-associated deaths over 15 months in Illi-
nois. After adjusting for patient- and hospital-level characteristics, Hispanic patients had higher mortality risk (aOR 1.26, 
95% CI: 1.20–1.33) as compared with non-Hispanic White patients, while non-Hispanic Black patients had lower mortality 
risk (aOR 0.75, 95% CI: 0.71–0.79). Safety net hospitals receiving disproportionate share hospital (DSH) funds had higher 
mortality risk (aOR 1.81, 95% CI: 1.43–2.30) compared with other hospitals.
Conclusion Risk-adjusted COVID-19 hospital mortality was highest among patients of Hispanic ethnicity, while non-His-
panic Black patients had lower risk than non-Hispanic White patients. There was significant variation in hospital mortality 
rates, with particularly high safety net hospital mortality.
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Introduction

It is well known that elevated risks of COVID-19 mortality 
are associated with social determinants of health in the USA 
[1–3]. Less clear is how hospital care mitigates or exacer-
bates sociodemographic disparities in COVID-19 outcomes. 
Retrospective cohort studies of COVID-19 hospital mortal-
ity early in the pandemic lent support to the conclusion that 
some hospitals helped equalize racial and ethnic disparities 

in COVID-19 mortality [4–10]. More recent studies based 
on data aggregated from multiple health systems and geo-
graphic locations found significant risk-adjusted differences 
in inpatient COVID-19 mortality between hospitals that may 
reinforce racial disparities [11–13]. But several of these 
studies were limited to patients on Medicare, thus underrep-
resenting younger age groups. Ambiguous findings through-
out the pandemic led us to analyze variations in COVID-19 
mortality in a large sample of hospitals across Illinois for all 
patients over age 18, examining data from the beginning of 
the pandemic through June 2021 that encompass nearly all 
statewide mortalities due to COVID-19 during this period.

This study presents findings from administrative hospital 
data for all COVID-19-coded hospitalizations at non-federal, 
general acute care hospitals which are members of the Illi-
nois Hospital Association (IHA). We used data from adult 
patients discharged from April 1, 2020 to June 30, 2021, 
encompassing the pandemic spikes following the Illinois 
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stay at home order period in March 2020 and including a 
second spike in the fall and winter of 2020–2021. Using 
a multilevel logistic regression model, we tested the sig-
nificance of associations between patient- and hospital-level 
characteristics and hospital COVID-19 mortality. The aims 
of the study were to (1) describe adult COVID-19 mortality 
rates across acute care Illinois hospitals over different peri-
ods of the pandemic; (2) test the significance of associations 
between COVID-19 mortality and patient sociodemographic 
characteristics, in particular race and ethnicity; (3) test the 
significance of differences in COVID-19 mortality rates by 
hospital characteristics; and (4) quantify the relative contri-
bution of patient-level versus hospital-level differences to 
the overall variance in hospital COVID-19 mortality.

Methods

Data Sources

We performed a retrospective cohort study using the Illinois 
Hospital Association Comparative Health Care and Hospi-
tal Data Reporting Services Database (COMPdata), which 
includes administrative data on all inpatient visits to Illinois 
Hospital Association hospitals. We identified all hospital 
admissions that included COVID-19 as a principal or sec-
ondary diagnosis for which discharges occurred between 
April 1, 2020 and June 30, 2021. The International Clas-
sification of Diseases 10th edition (ICD10) diagnostic code 
U07.1 was used to capture principal and secondary diag-
noses of COVID-19. All data were publicly available and 
deidentified, and our study was institutional review board 
exempt at Northwestern University.

Patient, Hospital, and Time Period Characteristics

Patients under age 18 were excluded from the analysis con-
sistent with prior COVID-19 mortality studies [4, 6, 14], 
as pediatric manifestations of COVID-19 have significantly 
lower inpatient mortality rates than adults (0.6% in our sam-
ple). Patient sociodemographic characteristics included in 
the analysis were age group (18–45, 46–54, 55–64, 65–74, 
75, or older), sex (male or female), race/ethnicity (non-
Hispanic White, non-Hispanic Black, Hispanic, Asian, or 
other/unknown), and primary insurance coverage (private, 
Medicare age over 65, Medicare disability, Medicaid, unin-
sured, or other/unknown). The “other/unknown” category 
of race/ethnicity consisted of three identified race/ethnic 
categories of Alaska Native, Native Hawaiian or Pacific 
Islander, and Multi-racial (2.0% of total admissions) and 
those who declined to identify a racial category or identified 
in an “other” category (4.1% of total admissions).

We matched patient zip codes to 2019 American Commu-
nity Survey 5-year zip code census tabulation area (ZCTA) 
data for the percent of households in each patient’s ZCTA 
living at or below the federal poverty level. We categorized 
patients’ ZCTA poverty levels as < 5%, 5 to 9.99%, 10 to 
19.99%, ≥ 20%, or non-Illinois resident. Counties of resi-
dence were grouped as Cook, which included the city of 
Chicago; Chicago metro area “collar” counties of Will, 
Kane, Lake, DuPage, and McHenry; and “downstate” which 
included all remaining Illinois counties as well as a small 
number (2.0%) of non-Illinois residents hospitalized at Illi-
nois institutions. Consistent with prior studies, we combined 
death and discharge to hospice to avoid exaggerating racial/
ethnic differences in mortality rates due to higher rates of 
utilizing “do not resuscitate” orders among non-Hispanic 
White patients compared with Hispanic and non-Hispanic 
Black patients [11, 12].

Patient clinical characteristics included whether COVID-
19 was a principal versus secondary diagnosis and whether 
the admission was a transfer from another hospital or a 
skilled nursing facility. Patient comorbid conditions were 
classified by the Charlson comorbidity score based on the 
weighted presence of ICD-10 codes for 20 chronic comorbid 
conditions (categorized as scores from 0 to 6 or more) [15]. 
Reflecting pandemic waves, timing of discharge was divided 
into four periods (April to June 2020, July to November 
2020, December 2020 to February 2021, and March to June 
2021).

We included only patients admitted to general acute care 
hospitals, so admissions to long-term care facilities or spe-
cialty hospitals such as rehabilitation or behavioral health 
facilities (accounting for 2.8% of all COVID-19-coded 
admissions) were excluded. The general hospitals included 
in the analysis were separated into four bed count catego-
ries (< 100, 100–349, ≥ 350, or unknown) using data from 
the Illinois Hospital Report Card and Consumer Guide to 
Health Care [16]. We analyzed hospital bed count as the 
structural proxy for COVID-19 admission volume, as hos-
pital bed count and COVID-19 admission volume were 
correlated with a Pearson’s correlation coefficient of 0.85. 
Hospital safety net status was classified based on the Illi-
nois Department of Healthcare and Family Services (HFS) 
Annual Safety Net Hospital Determination as of October 
1, 2020. This classification applied to all Disproportionate 
Share Hospitals (DSH) that had a Medicaid inpatient utiliza-
tion rate (MIUR) of at least 50% or an MIUR of 40% and a 
charity care percent of at least 4% [17]. Public hospitals and 
hospitals which are members of the American Academy of 
Medical Colleges Council of Teaching Hospitals and Health 
Systems (COTH), found on the AAMC hospitals and health 
system registry [18], were classified as “public/COTH” hos-
pitals [19]. All other hospitals were characterized as acute 
care community hospitals.
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Statistical Analysis

We compared in-hospital COVID-19 mortality rates for 
all categories defined above using univariate χ2 tests. A 
multilevel logistic regression model was chosen to test 
associations of patient- and hospital-level factors with in-
hospital COVID-19 mortality. The multilevel or hierarchi-
cal model has several advantages over ordinary logistic 
regression, chief among which is that it explicitly accounts 
for clustering of individuals within groups (i.e., patients 
within hospitals). It thus avoids the erroneous assumption 
of the independence of within-group observations and the 
type I error that thereby results [20].

We first fit the multilevel null model without any pre-
dictors to determine the intraclass correlation coefficient 
(ICC), a value between 0 and 1 that quantifies the pro-
portion of outcome variance explained by between-group 
variance. Patient-level factors were then added in Model 
1, followed by hospital-level factors (Model 2), generating 
two nested random-intercept models. Known risk factors 
constituted fixed effects in the model, which were reported 
as adjusted odds ratios (aOR). Improvements in fit from 
the null model to Model 2 were estimated by the subse-
quent reduction in residual ICC. The likelihood-ratio χ2 
test was also done to quantify improvement in model fit, 
with improvement defined by a p-value < 0.05. All statis-
tical analyses were performed using Stata version 16.1, 
College Station, TX.

Results

Out of 165,293 total COVID-19 admissions, 4646 admis-
sions from non-acute hospitals and 2078 admissions of pedi-
atric patients were excluded. The remaining 181 non-federal 
general acute care hospitals in this study saw between two 
and 5809 admissions of adult patients with COVID-19 
over the study period (mean = 876, SD = 1014) for a total 
of 158,569 admissions. Over the 15-month study period, 
17,838 (11.2%) admissions resulted in death, and another 
5189 (3.3%) resulted in discharge to hospice for a composite 
14.5% mortality outcome.

Figure 1 displays monthly admissions, intensive care unit 
(ICU) use, and deaths or hospice discharges, with a peak 
of over 35,000 admissions in December 2020 and January 
2021. Monthly mortality rates were highest in April 2020 
(20.0%) declining to 17.9% in June 2020 and peaking again 
in the second wave in December 2020 (16.7%) and January 
2021 (15.2%).

Patient Mortality Rates

Table 1 presents patient, hospital, and time period differ-
ences in death rates. Mortality increased with age, with a 
mortality rate of 26.7% for admissions of patients age 75 and 
over compared to 2.4% for patients age 18–45. A majority 
of admissions were for non-Hispanic White (51.0%) patients 
and non-Hispanic White patients had the highest unadjusted 
in-hospital mortality rate (16.3%) of any racial or ethnic 

Fig. 1  Monthly COVID-19 
admissions, intensive care 
unit (ICU) use, and deaths or 
discharges to hospice discharges 
from April 1, 2020 to June 30, 
2021
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Table 1  Sociodemographic, 
clinical, and hospital-level 
characteristics of adult patients 
hospitalized with COVID-19 
in Illinois hospitals, 4/1/2020–
6/30/2021

All admissions (column 
percent)
N = 158,569 (100%)

Died or discharged to 
hospice (row percent)
N = 23,037 (14.5%)

Patient characteristics
  Age
    18–45 25,350 (16.0) 602 (2.4)
    46–54 18,577 (11.7) 971 (5.2)
    55–64 30,867 (19.5) 2878 (9.3)
    65–74 34,348 (21.7) 5408 (15.7)

     ≥ 75 49,427 (31.2) 13,178 (26.7)
  Sex
    Male 82,892 (52.3) 13,059 (15.8)
    Female 75,677 (47.7) 9978 (13.2)
  Race/ethnicity
    Non-Hispanic White 82,711 (52.2) 13,497 (16.3)
    Non-Hispanic Black 32,849 (20.7) 3918 (11.9)
    Hispanic 28,718 (18.1) 3507 (12.2)
    Asian 4690 (3.0) 670 (14.3)
    Other/unknown 9601 (6.1) 1445 (15.1)
  Primary insurance
    Private 44,181 (27.9) 3875 (8.8)
    Medicare (age ≥ 65) 71,355 (45.0) 15,184 (21.3)
    Medicare disability 10,376 (6.5) 1018 (9.8)
    Medicaid 24,006 (15.1) 2032 (8.5)
    Uninsured 7013 (4.4) 778 (11.1)
    Unknown 1638 (1.0) 150 (9.2)
  ZCTA percent poor households
    Non-IL resident 3205 (2.0) 434 (13.5)

     < 5% 40,514 (25.6) 5929 (14.6)
    5–9.99% 44,685 (28.2) 6721 (15.0)
    10–19.99% 52,937 (33.4) 7775 (14.7)

     > 20% 17,228 (10.9) 2178 (12.6)
  IL county region
    Cook 72,726 (45.9) 10,805 (14.9)
    Collar 34,983 (22.1) 4704 (13.5)
    Downstate/non-IL resident 50,860 (32.1) 7528 (14.8)
  COVID-19 as principal diagnosis
    Yes 102,401 (64.6) 11,925 (11.7)
    No 56,168 (35.4) 11,112 (19.8)
  Transferred
    Yes 18,321 (11.6) 5183 (28.3)
    No 140,248 (88.5) 17,854 (12.7)
  Charlson comorbidity score
    0 43,478 (27.4) 2482 (5.7)
    1 39,350 (24.8) 4273 (10.9)
    2 23,614 (14.9) 4107 (17.4)
    3 15,322 (9.7) 3352 (21.9)
    4 11,446 (7.2) 2537 (22.2)
    5 10,860 (6.9) 2432 (22.4)
    ≥6 14,499 (9.1) 3854 (26.6)
  Discharge period
    4/2020–6/2020 27,251 (17.2) 5194 (19.1)
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group. In comparison, non-Hispanic Black patients had the 
lowest unadjusted hospital mortality rate (11.9%).

Admissions of patients transferred from other hospitals or 
skilled nursing facilities had a high mortality rate of 28.3%, 
as did admissions for which COVID-19 was a secondary 
diagnosis (19.8%). There was a monotonic increase in 
COVID-19 mortality risk with increasing Charlson comor-
bidity score, spanning a rate of 5.7% for a Charlson comor-
bidity score of 0 to 26.6% for comorbidity scores of 6 and 
over. Mortality was highest during the first period of the 
pandemic (19.1%) and lowest in the last period from March 
2021 to June 2021 (10.1%).

Hospital Mortality Rates

Out of 181 hospitals, 89 (49.2%) had fewer than 100 beds, 
77 (42.5%) had between 100 and 349 beds, 11 (6.1%) had 
350 or more beds, and 4 (2.2%) had an unknown bed count.

Twenty five (14.4%) met Illinois state criteria of safety net 
hospital and 15 (7.7%) were public hospitals and/or mem-
bers of COTH. Hospitals with between 100 and 349 beds 
had a higher mortality rate (15.2%) than hospitals with fewer 
than 100 beds (12.7%). Community hospitals had a higher 
mortality rate (14.5%) than public/COTH hospitals (13.1%), 
and safety net hospitals had a higher mortality rate (18.1%) 
than both. Figure 2 compares the distribution of hospital 
COVID-19 mortality rates for all three types of hospitals.

Multilevel Logistic Regression Results

The null model, which included only hospital-level random 
effects, had an estimated intercept of − 2.03 and hospital-
level variance of 0.39, corresponding to a hospital-level 
average mortality probability of 0.12 (95% CI: 0.08–0.16). 

The range of hospital COVID-19 mortality rates was 
0–33.3%. Overall hospital mortality rates decreased after the 
initial wave of COVID-19, as patients who were discharged 
from April to June 2020 had around 27–39% higher adjusted 
odds of mortality than those discharged during subsequent 
periods.

The intraclass correlation coefficient (ICC) of the null 
model was 0.11 (95% CI: 0.08–0.14). Thus an estimated 
11% of total variance in mortality is attributable to between-
hospital variance. Compared with the null model, Model 1 
had a negligibly reduced ICC (from 0.11 to 0.10). Table 2 
shows the Model 1 adjusted odds ratios of death or dis-
charge to hospice and Model 2 including hospital-level 
factors. Adding hospital-level characteristics did little to 
modify patient-level effects, with the exception of the lower 
odds ratio associated with residence in downstate IL com-
pared with Cook County in Model 1 (aOR 0.86, 95% CI: 
0.77–0.97), which was no longer statistically significant in 
Model 2 (aOR 0.97, 95% CI: 0.87–1.09). Model fit improved 
from Model 1 to Model 2 (χ2 = 60.8, p-value < 0.001) with 
the addition of hospital characteristics, resulting in a 30% 
reduction in residual ICC from 0.10 to 0.07.

In the final Model 2, non-Hispanic Black patients had 
lower odds of mortality than non-Hispanic White patients 
(aOR 0.75, 95% CI: 0.71–0.79) while Hispanic patients had 
higher odds of mortality (aOR 1.26, 95% CI: 1.20–1.33). A 
small monotonic increase in mortality risk was associated 
with increased poverty in the patient’s residential ZCTA. 
There was no significant difference in mortality risk between 
patients with Medicaid and those with private insurance. 
Admissions of uninsured patients had 17% higher adjusted 
odds of mortality compared with privately insured patients.

Compared to hospitals with fewer than 100 beds, 
admissions to hospitals with more than 100 beds were 

All comparisons p-values < 0.01

Table 1  (continued) All admissions (column 
percent)
N = 158,569 (100%)

Died or discharged to 
hospice (row percent)
N = 23,037 (14.5%)

    7/2020–11/2020 59,151 (37.3) 7351 (12.4)
    12/2020–2/2021 53,161 (33.5) 8566 (16.1)
    3/2021–6/2021 19,006 (12.0) 1926 (10.1)

Hospital characteristics
  Total beds
     < 100 20,168 (12.7) 2553 (12.7)
    100–349 102,338 (64.5) 15,585 (15.2)
     ≥ 350 33,432 (21.1) 4640 (13.9)
    Unknown 2631 (1.7) 259 (9.8)
  Hospital type
    IL state safety net 16,192 (10.2) 2936 (18.1)
    Public/COTH member 39,305 (24.8) 5129 (13.1)
    Community 103,072 (65.0) 14,972 (14.5)
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associated with higher odds of mortality (aOR 1.77, 95% 
CI: 1.46–2.14 for hospitals with 100–349 beds; aOR 1.85, 
95% CI: 1.19–2.89 for hospitals with 350 beds or more). 
As compared to community hospitals, IL state safety 
net status was associated with a mortality aOR of 1.81 
(95% CI: 1.43–2.30), while public hospitals and COTH 
members were not associated with significantly increased 
mortality.

Discussion

To our knowledge, this is the first study to examine nearly 
all deaths of hospitalized patients with COVID-19 in a 
single US state. Our sample included 23,037 deaths and 
discharges to hospice, encompassing approximately 89.8% 
of the cumulative statewide total deaths (25,660) from the 

Fig. 2  Distribution of hospital 
average COVID-19 mortality 
rates for community hospi-
tals, public hospitals, and/or 
members of COTH (Council of 
Teaching Hospitals and Health 
Systems) and state-designated 
safety net hospitals in Illinois
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start of the pandemic to June 30, 2021 [21]. Over this 
period, the hospital mortality rate improved from 19.1% 
during the first 3 months of the pandemic to 10.1% during 
the last 4 months of the study period with a rise during the 
winter surge to 16.1% from December 2020 to February 
2021. A similar decrease in hospital mortality rate from 
19.1% in March and April 2020 to 11.9% by June 2020 has 
been reported in a national sample of hospitalized patients 
[14], attributed in part to the relief of overwhelmed hos-
pitals and to increasingly widespread use of remdesivir, 
dexamethasone, noninvasive ventilation, patient proning, 
and vaccines.

Hispanic and non-Hispanic Black both patients experi-
enced a disproportionately higher burden of COVID-19-re-
lated hospitalizations in our sample, making up 18.1% and 
20.7% of total admissions, respectively, while accounting for 
only 17.5% and 14.6% and of the state population. This find-
ing is consistent with higher population rates of COVID-19 
disease and death experienced by these two groups in Illinois 
and nationwide [21, 22]. After risk adjustment in our model, 
the association between minority race and ethnicity and hos-
pital COVID-19 mortality partially confirmed prior findings. 
Patients of Hispanic ethnicity had 27% higher adjusted odds 
of hospital COVID-19 mortality than non-Hispanic White 
patients, consistent with national samples [12, 23]. The 
lower mortality odds of non-Hispanic Black versus non-
Hispanic White patients is corroborated in one study based 
on a single health system in New York City, which found 
30% lower adjusted odds of in-hospital COVID-19 mortality 
for Black patients [6], whereas studies that aggregated data 
from multiple health systems suggested that Black patients 
nationwide experienced higher [11, 12] or similar [23] odds 
of mortality compared with hospitalized White patients.

Table 2  Multilevel logistic regression results for likelihood of in-
hospital death or discharge to hospice from COVID-19, n = 158,569 
admitted to 181 Illinois Hospital Association Hospitals, 4/2020–
6/2021

Model 1 (patient 
level)
Adjusted odds 
ratios (95% CI)

Model 2 (patient 
and hospital 
levels)
Adjusted odds 
ratios (95% CI)

Age
  18–45 REFERENCE REFERENCE
  46–54 2.03 (1.83–2.26) 2.03 (1.83–2.26)
  55–64 3.52 (3.21–3.87) 3.53 (3.21–3.87)
  65–74 8.71 (7.91–9.58) 8.72 (7.92–9.60)
   ≥ 75 17.4 (15.8–19.2) 17.5 (15.8–19.2)

Sex
  Male 1.26 (1.22–1.30) 1.26 (1.22–1.30)

Race/ethnicity
  Non-Hispanic White REFERENCE REFERENCE
  Non-Hispanic Black 0.75 (0.72–0.80) 0.75 (0.71–0.79)
  Hispanic 1.26 (1.20–1.33) 1.26 (1.20–1.33)
  Asian 0.93 (0.85–1.03) 0.93 (0.85–1.02)
  Other/unknown 1.01 (0.95–1.09) 1.01 (0.94–1.08)

Primary insurance
  Private REFERENCE REFERENCE
  Medicare (age ≥ 65) 0.61 (0.58–0.64) 0.61 (0.58–0.64)
  Medicare disability 1.14 (1.05–1.23) 1.14 (1.05–1.23)
  Medicaid 0.95 (0.89–1.02) 0.95 (0.89–1.01)
  Uninsured 1.17 (1.07–1.29) 1.17 (1.07–1.28)
  Unknown 1.50 (1.25–1.81) 1.50 (1.25–1.81)

ZCTA percent poor households
  Non-IL resident 1.04 (0.92–1.18) 1.00 (0.89–1.13)

   < 5% REFERENCE REFERENCE
  5–9.99% 1.04 (0.99–1.09) 1.04 (1.00–1.09)
  10–19.99% 1.09 (1.04–1.14) 1.09 (1.04–1.15)

   > 20% 1.11 (1.03–1.19) 1.10 (1.02–1.18)
Il county region

  Cook REFERENCE REFERENCE
  Collar 1.03 (0.96–1.10) 1.05 (0.98–1.12)
  Downstate 0.86 (0.77–0.97) 0.97 (0.87–1.09)

COVID-19 as principal diag-
nosis

0.50 (0.49–0.52) 0.51 (0.49–0.52)

Transferred 1.87 (1.80–1.95) 1.87 (1.80–1.95)
Charlson comorbidity score

  0 REFERENCE REFERENCE
  1 1.40 (1.33–1.50) 1.40 (1.33–1.48)
  2 1.99 (1.88–2.11) 1.99 (1.88–2.10)
  3 2.34 (2.20–2.49) 2.33 (2.20–2.48)
  4 2.32 (2.18–2.48) 2.32 (2.17–2.47)
  5 2.42 (2.26–2.58) 2.41 (2.26–2.58)
  ≥6 2.92 (2.74–3.10) 2.91 (2.74–3.09)

Discharge period
  4/2020–6/2020 REFERENCE REFERENCE

Table 2  (continued)

Model 1 (patient 
level)
Adjusted odds 
ratios (95% CI)

Model 2 (patient 
and hospital 
levels)
Adjusted odds 
ratios (95% CI)

  7/2020–11/2020 0.61 (0.58–0.64) 0.61 (0.58–0.64)
  12/2020–2/2021 0.73 (0.70–0.76) 0.73 (0.70–0.77)
  3/2021–6/2021 0.65 (0.62–0.70) 0.66 (0.62–0.70)

Total beds
   < 100 N/A REFERENCE

  100–349 N/A 1.77 (1.46–2.14)
   ≥ 350 N/A 1.85 (1.19–2.89)
  Unknown N/A 0.85 (0.46–1.55)

Hospital type
  Community N/A REFERENCE
  Public/COTH member N/A 0.90 (0.62–1.30)
  IL state safety net N/A 1.81 (1.43–2.30)
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A possible explanation for the lower risk of hospital mor-
tality for non-Hispanic Black patients in our study is their 
comparatively high rates of hospitalization in Illinois. As of 
October 2021, the COVID-19 case rate ratio between Black 
and White residents of Illinois is around 1.1 (using a non-
Hispanic White population percentage of 60.8%) whereas 
the rate ratio of hospitalization between non-Hispanic Black 
and non-Hispanic White patients in our study sample is 1.7 
[22, 24]. Hispanic Illinoisans, on the other hand, have a 
population case rate of COVID-19 that is 1.6 times higher 
than non-Hispanic White Illinoisans, but only a 1.3 times 
higher rate of hospitalization in our sample [22, 24]. Even 
though Black patients in Illinois appear to be hospitalized at 
a higher rate than Hispanic and non-Hispanic White patients, 
we cannot exclude the concomitant possibility of high rates 
of out-of-hospital mortality for Black patients with severe 
COVID-19, which could artificially depress their rates of 
in-hospital mortality [25, 26].

Disaggregating the effects of individual and institutional 
risk factors is always an analytical challenge, but we have 
reasons to believe that our findings on the relative impor-
tance of hospital characteristics are robust. Around 11% of 
the variance in mortality outcomes can be attributed to inter-
hospital variance, which was not significantly reduced with 
the addition of patient-level risk factors in Model 1. The 
addition of hospital-level fixed effects in Model 2 accounted 
for about 30% of the interhospital variation in mortality 
without significantly modifying patient-level effects.

The role of differences in hospital quality of care remains 
an important topic for future research. One study based on 
a national sample of Medicare Advantage patients showed 
that hospital-level factors significantly attenuated mortality 
risk differences between Black and White patients [11]. The 
evidence in this study is consistent with both an unequal 
burden of patient-level COVID-19 mortality risk factors 
across Illinois hospitals and disparities in hospital care qual-
ity. It is possible that unmeasured case mix differences, for 
instance COVID-19 severity at admission, explain at least a 
part of the elevated adjusted mortality odds associated with 
admissions to hospitals with more than 100 beds. Even after 
accounting for transfers, larger hospitals may have admit-
ted a larger share of patients with more severe disease, thus 
showing 77–85% higher odds of hospital COVID-19 mortal-
ity than hospitals with less than 100 beds.

Safety net hospitals cared for around 10% of all admis-
sions and patients hospitalized at safety net institutions had 
over 80% higher odds of COVID-19 mortality compared 
with non-safety nets. Out of 25 safety net hospitals, 15 were 
in the 100–349 bed count category. Non-Hispanic Black 
(30.3%) and Hispanic (27.6%) patients combined made up 
the majority of COVID-19 admissions to safety net hos-
pitals, compared with only 19.5% of admissions to com-
munity hospitals. Uninsured patients also made up a larger 

share of admissions to safety nets (7.3%) compared with 
community hospitals (3.5%). While public and/or COTH 
member hospitals also disproportionately cared for racial/
ethnic minority patients (non-Hispanic Black 29.0%, His-
panic 26.6%), COTH/public hospital status was not associ-
ated with increased mortality risk  compared to community 
hospitals. This suggests that case mix differences alone do 
not explain the elevated mortality odds at state safety net 
hospitals.

Comparable findings have been reported in a study exam-
ining the intraclass correlation coefficient (ICC) of risk 
adjusted outcomes for patients admitted with myocardial 
infarction, pneumonia, and heart failure in a national sample 
of hospitals [27]. Although limited by the lack of diversity 
in a large share of US hospitals that had to be excluded from 
the analysis, the study found that patients of different race/
ethnic and socioeconomic groups within the same hospital 
experienced similar outcomes, and that between-hospital dif-
ferences were not associated with patient mix differences. 
The authors concluded that disparities in outcomes were 
related to systemic factors that affected all hospitals. Like-
wise, we found that interhospital variations in COVID-19 
mortality in the state of Illinois do not appear to be fully 
explained by the distribution of patient-level risk factors.

However, our study also shows that in the case of COVID-
19, systemic factors associated with racial/ethnic disparities 
in patient outcomes that affect all hospitals can coexist with 
higher mortality risk associated with specific types of hospi-
tals. Other studies have found that site of hospital care does 
correlate with inpatient quality of care measures and mater-
nal morbidity outcomes that disproportionately affect racial 
and ethnic minorities [28, 29]. In the case of COVID-19 
in Illinois, even if racial and ethnic disparities in outcomes 
cannot be fully mitigated by measures localized to a small 
subset of hospitals, supporting safety net hospitals in Illinois 
through improved public funding beyond existing DSH pay-
ments remains a cost-effective way to improve outcomes for 
a subset of vulnerable patients.

Although this study provides a rare state population-
based analysis, the lack of detailed clinical data, for instance 
for body mass index, respiratory rate, oxygen saturation, 
and pulmonary infiltrates at admission, limits accurate risk 
adjustment. We were unable to link multiple admissions 
of the same patients. Bed count is also a relatively crude 
measure of hospital capacity. Future studies of variation in 
hospital death rates should include more detailed analyses of 
COVID-19 specific resource capacities, such as nurse staff-
ing ratios, number of critical care specialists, ventilators, 
and ICU beds.

In summary, our study adds to the evidence that there is 
a significant degree of variability in COVID-19 mortality 
rates between patients of different race/ethnic groups and 
between hospitals even after adjusting for individual patient 
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characteristics. Hospital characteristics significantly associ-
ated with higher hospital COVID-19 mortality risk included 
bed count and safety net status as defined by Illinois state 
DSH payment eligibility and inpatient Medicaid utilization 
rate. To achieve a more equitable pandemic response, poli-
cies to reduce repeated duress over pandemic surges will 
require ramping up support for safety net hospitals already 
under considerable resource constraint.
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