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Invited Commentary
IMPORTANCE It is unknown how much the mortality of patients with coronavirus disease
2019 (COVID-19) depends on the hospital that cares for them, and whether COVID-19 hospital
mortality rates are improving.

Supplemental content

OBJECTIVE To identify variation in COVID-19 mortality rates and how those rates have
changed over the first months of the pandemic.

DESIGN, SETTING, AND PARTICIPANTS This cohort study assessed 38 517 adults who were
admitted with COVID-19 to 955 US hospitals from January 1, 2020, to June 30, 2020, and

a subset of 27 801 adults (72.2%) who were admitted to 398 of these hospitals that treated
at least 10 patients with COVID-19 during 2 periods (January 1to April 30, 2020, and May 1
to June 30, 2020).

EXPOSURES Hospital characteristics, including size, the number of intensive care unit beds,
academic and profit status, hospital setting, and regional characteristics, including COVID-19
case burden.

MAIN OUTCOMES AND MEASURES The primary outcome was the hospital’s risk-standardized
event rate (RSER) of 30-day in-hospital mortality or referral to hospice adjusted for
patient-level characteristics, including demographic data, comorbidities, community or
nursing facility admission source, and time since January 1, 2020. We examined whether
hospital characteristics were associated with RSERs or their change over time.

RESULTS The mean (SD) age among participants (18 888 men [49.0%]) was 70.2 (15.5) years.
The mean (SD) hospital-level RSER for the 955 hospitals was 11.8% (2.5%). The mean RSER
in the worst-performing quintile of hospitals was 15.65% compared with 9.06% in the
best-performing quintile (absolute difference, 6.59 percentage points; 95% Cl,
6.38%-6.80%:; P < .001). Mean RSERs in all but 1 of the 398 hospitals improved; 376 (94%)
improved by at least 25%. The overall mean (SD) RSER declined from 16.6% (4.0%) to 9.3%
(2.1%). The absolute difference in rates of mortality or referral to hospice between the worst-
and best-performing quintiles of hospitals decreased from 10.54 percentage points (95% Cl,
10.03%-11.05%; P < .001) to 5.59 percentage points (95% Cl, 5.33%-5.86%; P < .001). Higher
county-level COVID-19 case rates were associated with worse RSERSs, and case rate declines
were associated with improvement in RSERs.
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ne year after identifying the first cases of coronavi-

rus disease 2019 (COVID-19) in Wuhan, China, we have

little understanding of how mortality rates vary by hos-
pital or whether mortality rates are improving. Hospital-level
mortality may depend not just on patient risk factors, but also
on the hospital where patients are admitted. Individual-level
and hospital-level mortality rates are also likely to improve over
time with increasing experience with the disease and as new
treatments become available. We used data from a large
national health insurer in the US to estimate the variation in
hospital-level mortality among patients hospitalized with
COVID-19 to examine how mortality rates changed and iden-
tify hospital-level characteristics that were associated with
those mortality rates and their change.

Methods

Data Sources

We used deidentified administrative claims data from a large
national health insurer in the US that were linked with a daily
record of patients who were admitted to a hospital with a pri-
mary or secondary diagnosis of COVID-19 (eTable 3 in the
Supplement) and their current status (admitted, discharged,
transferred, or dead) until June 30, 2020, within the United-
Health Group Clinical Discovery Database. Data specific to se-
vere acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
and COVID-19 underwent an additional check for errors in sam-
pling and data collection described in the eAppendix in the
Supplement. We obtained hospital-level characteristics from
the 2018 American Hospital Association Annual Survey,' 2020
Medicare Impact,? and 2020 Provider of Service files.> We
obtained cumulative COVID-19 case rates for January 1 to
April 30, 2020, and May 1 to June 30, 2020 in the county of
each hospital in our sample from The New York Times database.*
This study was reviewed and deemed exempt by the institu-
tional review board of UnitedHealth Group.

Patients and Hospitals

We started with all Medicare Advantage and commercial
enrollees 18 years or older hospitalized with COVID-19 since
January 1, 2020 (eFigure 1 in the Supplement). We then ex-
cluded patients with fewer than 6 months of insurance enroll-
ment in 2019 (to permit comorbidity measurement using his-
torical claims), were readmitted to or transferred to another
facility within 30 days of initial admission (to prevent misat-
tributing hospital-level outcomes among patients who were
admitted to multiple hospitals), were admitted with COVID-19
after June 30, 2020 (to provide sufficient follow-up to mea-
sure 30-day event rates to July 31), and were admitted to hos-
pitals with missing information or fewer than 10 patients (to
improve the statistical reliability of our hospital-level mortal-
ity estimates). The hospitals where these patients were admit-
ted constituted our main study sample.

Outcome Measure
To reflect an outcome that was close to a 30-day any-site mor-

tality rate, we measured a hospital’s risk standardized event
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Key Points

Question Are hospital outcomes for patients with coronavirus
disease 2019 (COVID-19) improving?

Findings In this cohort study of 38 517 adults who were admitted
with COVID-19 to 955 US hospitals, rates of 30-day mortality or
referral to hospice varied from 9.06% to 15.65% in the best- and
worst-performing quintiles. In the early months of the pandemic,
94% of hospitals in a subset of 398 improved by at least 25%,
and the strongest determinant of improvements in hospital-level
outcome was a decline in community rates of infection.

Meaning All else being equal, COVID-19 mortality in hospitals
seems to be lower when the prevalence of COVID-19 in their
surrounding communities is lower.

rate (RSER), which reflected a composite of either inpatient
mortality or referral to hospice within 30 days of initial ad-
mission for COVID-19 based on the National Quality Forum-
approved hierarchical generalized linear models while ac-
counting for clustering of patients within hospitals.”> We
considered the composite of mortality or hospice referral as
a more complete representation of the outcome of interest.
We repeated all analyses using mortality alone (eFigures 2
and 3 in the Supplement).

Statistical Analysis

The hierarchical models to estimate the RSER used the meth-
ods of George et al® and Silber et al”® and are detailed in the
eAppendix and eMethods in the Supplement. We modeled
the log odds of patient events as a function of patient-level
clinical and demographic variables, including age, sex, Elix-
hauser comorbidity indicators (eTable 3 in the Supplement),©
nursing facility admission source, and the number of days
between January 1, 2020, and admission. The latter variable
was chosen to account for likely improvements in patient
outcomes as hospitals gained experience with COVID-19. As
a sensitivity analysis, we also calculated the RSER for each hos-
pital using the methods of Drye et al' and Normand et al.!?
The estimates from these measures were nearly identical
(eFigure 9 in the Supplement). We computed each hospital’s
RSER by calculating the average of the predicted risk of mor-
tality or referral to hospice for all patients in the sample as
if they had (hypothetically) been treated at this hospital.'°*
This approach uses a fixed patient population to fairly com-
pare hospitals.

To examine changes in hospital RSERs, we repeated these
analyses in the subset of hospitals with 10 or more patients ad-
mitted for COVID-19 in the early and later part of the observa-
tion period using a period indicator variable. We again used
a fixed patient population: each hospital’s RSER was calcu-
lated as the average of the predicted risk of mortality or refer-
ral to hospice for all patients in the subsample as if they had
(hypothetically) been treated at this hospital during this pe-
riod. In overall, early-, and later-period analyses, we ordered
hospitals into quintiles based on their RSERs. We used paired
Wilcoxon sign rank tests to compare differences in RSERs
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Table 1. Hospital and Patient Characteristics®

Analysis of early and late periods

Early period, Late period,
January 1-April 30, May 1-June 30,
Characteristic Total sample Both periods 2020 2020
Patients, No. 38517 27801 10428 17373
Hospitals, No. 955 398 398 398
Patient-level characteristics
Age, mean (SD), y 70.2 (15.5) 70.9 (15.2) 70.9 (15.1) 70.9 (15.3)
Age range, y
18-45 2802 (7.3) 1855 (6.7) 691 (6.6) 1164 (6.7)
45-55 2891 (7.5) 1912 (6.9) 735(7.0) 1177 (6.8)
55-65 5867 (15.2) 3916 (14.1) 1453 (13.9) 2463 (14.2)
65-75 10283 (26.7) 7621 (27.4) 2903 (27.8) 4718 (27.2)
75-85 9863 (25.6) 7445 (26.8) 2776 (26.6) 4669 (26.9)
285 6811 (17.7) 5052 (18.2) 1870 (17.9) 3182 (18.3)
Male sex 18888 (49.0) 13552 (48.7) 5230(50.2) 8322 (47.9)
Mean Elixhauser score (SD) 8.5(11.0) 8.8(11.2) 8.9(11.3) 8.7(11.1)
Elixhauser comorbidities
Iron deficiency anemia 12420 (32.2) 9266 (33.3) 3614 (34.7) 5652 (32.5)
Blood loss anemia 1574 (4.1) 1159 (4.2) 428 (4.1) 731(4.2)
Congestive heart failure 9663 (25.1) 7171 (25.8) 2708 (26.0) 4463 (25.7)
Chronic obstructive pulmonary 12654 (32.9) 9117 (32.8) 3467 (33.2) 5650 (32.5)
disease
Coagulopathy 2786 (7.2) 2119 (7.6) 784 (7.5) 1335(7.7)
Depression 8188(21.3) 5876 (21.1) 2194 (21.0) 3682 (21.2)
Diabetes without chronic 14139 (36.7) 10275 (37.0) 3987 (38.2) 6288 (36.2)
complications
Diabetes with chronic complications 12148 (31.5) 8857 (31.9) 3426 (32.9) 5431 (31.3)
Substance use disorder 1437 (3.7) 1036 (3.7) 379 (3.6) 657 (3.8)
Hypertension 29335(76.2) 21413 (77.0) 8004 (76.8) 13409 (77.2)
Hypothyroidism 8096 (21.0) 5900 (21.2) 2305(22.1) 3595 (20.7)
Lymphoma 734 (1.9) 591 (2.1) 229(2.2) 362 (2.1)
Fluid and electrolyte disorder 10238 (26.6) 7541 (27.1) 2811 (27.0) 4730 (27.2)
Metastatic cancer 1456 (3.8) 1092 (3.9) 396 (3.8) 696 (4.0)
Neurological disorder 9048 (23.5) 6615 (23.8) 2555 (24.5) 4060 (23.4)
Obesity 10100 (26.2) 7156 (25.7) 2702 (25.9) 4454 (25.6)
Paralysis 1938 (5.0) 1396 (5.0) 570 (5.5) 826 (4.8)
Peripheral vascular disease 9899 (25.7) 7430 (26.7) 2952 (28.3) 4478 (25.8)
Psychosis 2578(6.7) 1887 (6.8) 766 (7.3) 1121 (6.5)
Chronic kidney disease 9832 (25.5) 7346 (26.4) 2760 (26.5) 4586 (26.4)
Solid tumor without metastasis 5352 (13.9) 4042 (14.5) 1455 (14.0) 2587 (14.9)
Valvular disorder 7723(20.1) 5778 (20.8) 2099 (20.1) 3679(21.2)
Weight loss 3528 (9.2) 2661 (9.6) 1036 (9.9) 1625 (9.4)
Transferred from a nursing facility 4244 (11.0) 3034 (10.9) 1690 (16.2) 1344 (7.7)
Insurance type
Medicare Advantage 29081 (75.5) 21716 (78.1) 8047 (77.2) 13669 (78.7)
Commercial 9436 (24.5) 6085 (21.9) 2381(22.8) 3704 (21.3)
Hospital-level characteristics
Hospital size
0-150 Beds 222(23.2) 63 (15.8)
150-300 Beds 336 (35.2) 121 (30.4)
300-450 Beds 194 (20.3) 88(22.1) NA NA
2450 Beds 203 (21.3) 126 (31.7)
No. of ICU beds
0-20 319(33.4) 107 (26.9)
20-60 346 (36.2) 135(33.9) NA NA
260 290 (30.4) 156 (39.2)
(continued)
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Table 1. Hospital and Patient Characteristics® (continued)

Analysis of early and late periods

Early period, Late period,
January 1-April 30, May 1-June 30,
Characteristic Total sample Both periods 2020 2020
Hospital setting
Urban 892 (93.4) 385 (96.7)
NA NA
Nonurban 63 (6.6) 13 (3.3)
Hospital region
Northeast 264 (27.6) 126 (31.7)
South 285 (29.8) 133(33.4)
. NA NA
Midwest 315(33.0) 113 (28.4)
West 91 (9.5) 26 (6.5)
Profit status
Nonprofit 705 (73.8) 307 (77.1)
For profit 139 (14.6) 46 (11.6) NA NA
Other 111 (11.6) 45(11.3)
Academic hospital 154 (16.1) 94 (23.6) NA NA

Abbreviations: ICU, intensive care unit; NA, not applicable.

2 Unless otherwise indicated, data are reported as number (percentage) of patients.

across periods. We visualized each hospital’s change in RSER
using a Bland-Altman plot."

We estimated linear regressions to measure associations
between hospital-level characteristics, including the number
of beds, number of intensive care unit beds, profit status, aca-
demic hospital status, hospital setting (urban/nonurban),
and a hospital’s (1) RSER in the sample of 955 hospitals and
(2) difference in RSER between the early and late period in the
sample of 398 hospitals. The regressions included the census
region of the hospital location as a fixed effect and a measure
of the COVID-19 case load in the hospital’s county, which was
measured as the number of cumulative cases per 10 000 resi-
dents for January 1 to April 30, 2020, in the early period
and May 1 to June 30, 2020, in the late period. They also in-
clude a binary indicator to note if cases increased during the
late period.

All statistical tests were 2-sided, with a significance level
of P> .05. All analyses were conducted using R, version 3.6.3
(R Foundation).!* All statistical code is included in the
eMethods in the Supplement.

. |
Results

A total of 955 hospitals were included, reflecting 38 517 inpa-
tients with COVID-19 who were admitted between January 1,
2020, and June 30, 2020 (Table 1) from 43 states and Wash-
ington DC. Overall, 3179 patients (8.25%) died, and 1433
patients (3.7%) were referred to hospice. The mean (SD) hos-
pital-level risk-standardized rate of 30-day inpatient mortal-
ity or referral to hospice was 11.82% (2.50%) (eFigure 4 in the
Supplement). In hierarchical models, several individual-
level risk factors were strongly associated with the odds of
30-day inpatient mortality or referral to hospice. Men had odds
1.29 times higher than women (95% CI, 1.20-1.38; P < .001),
patients older than 85 years had odds 14.52 times higher than
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those aged 18 to 45 years (95% CI, 10.75-19.61; P < .001), pa-
tients transferred from a nursing facility had odds 2.43 times
higher than those admitted from the community (95% CI,
2.22-2.65; P < .001), patients with metastatic cancer had odds
1.85 times higher than those without (95% CI, 1.57-2.18;
P <.001), and patients admitted within the first 90 days of
2020 had odds 2.58 times higher than those admitted 150 days
or more into 2020 (95% CI, 2.29-2.90; P < .001) (eFigure 2A
in the Supplement). Results that used mortality as the sole
outcome were similar (eFigure 2B in the Supplement).

The RSERs varied considerably across hospitals, ranging
from 5.70% to 24.65% (Figure 1). The mean RSER in the worst-
performing quintile of hospitals was 15.65% compared with
9.06% in the best-performing quintile of hospitals (absolute
difference, 6.59 percentage points; 95% CI, 6.38%-6.80%;
P < .001) (Table 2; eTable 1 in the Supplement). Variation
was substantial regardless of the county-level cumulative
COVID-19 case burden (eTable 2 in the Supplement). Hospital
ranks based on the composite of mortality or hospice referral
and on mortality alone were statistically significantly corre-
lated (Kendall rank correlation coefficient, 0.628; P < .001)
(eFigure 3 in the Supplement).

A total of 398 hospitals (41.7%) had sufficient patient
volume during the early (admitted January 1, 2020, to April
30, 2020) and late (admitted May 1, 2020, to June 30, 2020)
periods to compare mortality rates. The 27 801 patients
(72.2%) in this subset had characteristics similar to the over-
all set of patients, although hospitals were slightly more
likely to be larger and academic (Table 1). The overall mean
(SD) RSER declined from 16.56% (3.99%) to 9.29% (2.08%)
(Figure 1; eFigures 5, 6, and 7 in the Supplement). The mor-
tality rate of all hospitals but 1 improved: 281 hospitals
(70.6%) revealed a 25% to 50% reduction in event rates, and
95 hospitals (24.0%) revealed more than a 50% reduction in
event rates (Figure 2). The individual positions of hospitals
in the rankings changed between periods but were corre-

jamainternalmedicine.com


https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2020.8193?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2020.8193
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2020.8193?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2020.8193
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2020.8193?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2020.8193
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2020.8193?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2020.8193
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2020.8193?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2020.8193
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2020.8193?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2020.8193
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2020.8193?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2020.8193
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2020.8193?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2020.8193
http://www.jamainternalmedicine.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2020.8193

Variation in US Hospital Mortality Rates for Patients Admitted With COVID-19

Original Investigation Research

Figure 1. Hospital-Specific Risk-Standardized Event Rates for 30-Day Mortality or Referral to Hospice
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lated (Kendall rank correlation, 0.4731; P < .001), suggesting
that better-performing hospitals continued to be better per-
formers (eFigure 10 in the Supplement). From the early
to late period, the absolute difference in the rates of mortal-
ity or referral to hospice between the worst- and best-
performing quintiles of hospitals decreased from 10.54 per-
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centage points (95% CI, 10.03%-11.05%; P < .001) to 5.59
percentage points (95% CI, 5.33%-5.86%; P < .001) (eTable 1
in the Supplement). Even in the later period, the RSER in the
worst-performing quintile of hospitals was 12.47% compared
with 6.88% in the best-performing quintile of hospitals
(Table 2).
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Table 2. Risk Standardized 30-Day Mortality or Referral to Hospice Rates or Risk-Standardized

30-Day Mortality Rates Overall and During the Early and Late Periods

Quintile

RSER (95% Cl)

Overall
(N =955)

Early period
(n =398)

Late period
(n =398)

Mortality or referral to hospice

E6

Ql 9.06 (8.96-9.16) 12.19(11.97-12.42) 6.88 (6.73-7.03)
Q2 10.28 (10.24-10.33) 14.13 (14.04-14.23) 8.11(8.06-8.17)
Q3 11.36 (11.31-11.41) 15.78 (15.66-15.90) 8.99 (8.92-9.05)
Q4 12.74 (12.68-12.81) 17.95 (17.80-18.10) 9.99 (9.92-10.07)
Q5 15.65 (15.34-15.96) 22.73(21.99-23.48) 12.47 (12.10-12.84)
RSMR (95% CI)
Overall Early period Late period
Quintile (N = 955) (n = 398) (n = 398)
Mortality alone
Ql 5.17 (5.09-5.25) 7.26 (7.07-7.44) 3.32(3.23-3.41)
Q@ 6.12 (6.09-6.16) 9.20 (9.10-9.30) 4.20 (4.15-4.25)
Q3 7.08 (7.04-7.12) 10.85 (10.74-10.97) 5.12 (5.06-5.18) Abbreviations: Q, quintile:
Q4 8.43 (8.35-8.50) 13.10 (12.93-13.26) 6.13 (6.06-6.21) RSER, risk-standardized event rate;
Q5 11.88 (11.51-12.24) 18.61 (17.85-19.36) 8.69 (8.32-9.05) RSMR, risk-standardized 30-day

mortality rates.

We found no association between number of intensive care
unit beds, academic status, profit status, or urban/nonurban
setting and a hospital’s RSER (eFigure 8 in the Supplement) ex-
cept that medium to large hospitals, hospitals in the North-
east, and hospitals with high county-level COVID-19 case
rates had worse RSERs. These results were largely sustained
in a hierarchical model, which simultaneously reflected pa-
tient and hospital attributes (eFigure 11in the Supplement). The
characteristic that was associated with the largest change in a
hospital’s RSER over the 2 periods was the COVID-19 burden
in the community; higher early-period community case rates
were associated with improvements in RSER, and increases in
community case rates were associated with worsening RSER
after adjusting for other factors (Figure 3).

|
Discussion

This study had 4 main findings. First, mortality rates for pa-
tients with COVID-19 varied significantly across US hospitals.
Second, RSERs in all but 1 hospital improved over the first
6 months of the pandemic. Third, while absolute mortality dif-
ferences across hospitals declined, wide differences per-
sisted. Fourth, the characteristic most associated with RSER
and its change was the community case rate of COVID-19; high
county-level case rates were associated with worse RSERs and
with improvements in RSERs over time. Increases in county-
level case rates were associated with worsening RSERs.

This study extended past findings of variation in out-
comes and improvement over time.'>!® It also confirmed
individual-level risk factors that were previously identified,
including advanced age, male sex, medical comorbidities,
and nursing facility sources.

A central finding of this study was that 94% of hospitals
had a relative reduction in COVID-related mortality rates of
more than 25% in just a few months. That rate of relative im-
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Figure 2. Two-Period Change in Hospital-Level Risk-Standardized Event
Rates Between the Early and Late Periods
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Of 398 hospitals with at least 10 inpatients admitted with coronavirus disease
2019 (COVID-19) during each period, 397 improved their scores from the early
period to the late period, shown by vertical distance below the horizontal
dashed line in the Bland-Altman plot. The 95 hospitals in the grey region
revealed at least a 50% reduction in event rate. The 281 hospitals in the orange
region revealed a 25% to 50% reduction in event rate. The 21 hospitals in the
beige region revealed a reduction of less than 25% in event rates. The single
hospital in the yellow region revealed only a small increase in score. The general
sloping of the scatter downward to the right suggests that hospitals with worse
overall scores tended to show the most improvement.

provement is striking and encouraging, but perhaps not sur-
prising. Early efforts at treating patients with COVID-19 were
based on experience with previously known causes of severe
respiratory illness. Later efforts could draw on experiences spe-
cific to SARS-CoV-2 infection. Remdesivir received a US Food
and Drug Administration emergency use approval on May 1,
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Figure 3. Hospital Characteristics Associated With Change in Risk-Standardized Event Rates Between the Early and Late Periods in 398 Hospitals

Estimate Improved : Worsening P value

Size Characteristic Reference  (95% Cl) RSER | RSER

135 No. of ICU beds: (220 to <60) (<20) -0.41(-1.22 t0 0.40) — .32
156 No. of ICU beds: (=60) (<20) -0.14 (-1.20t0 0.91) — .80
121 No. of beds: (2150 to <300) (<150) -0.61(-1.56t0 0.33) —— .20
88 No. of beds: (2300 to <450) (<150) -1.00 (-2.09 t0 0.08) —— .07
126 No. of beds: (2450) (<150) -1.10(-2.40t0 0.19) — .10
307 Profit status: nonprofit For profit -0.14 (-1.07 t0 0.78) —.— .76
45 Profit status: other For profit -0.19(-1.39t0 1.01) — .76
385 Location: urban Rural 1.05(-0.55 t0 2.66) —_—— .20
304 Hospital affiliation: nonacademic Academic -0.49 (-1.36t0 0.38) —a—— 27
111 Cases (early) per 10 000: (220 to <40)  (<20) -0.80(-1.51 to -0.10) — .02
132 Cases (early) per 10 000: (240) (<20) -1.90(-2.75 to -1.05) —— <.001
299 Cases change: increase Decrease 1.14(0.23t02.05) —a— .01
126 Region: Northeast Central -0.96 (-1.87 to -0.05) — .04
133 Region: Southeast Central -0.14 (-0.89t0 0.61) —a— 71
26 Region: West Central -0.28 (-1.51t0 0.94) —_—— .65

S5 2 4 o 11 3 4

Absolute change in RSER (late-early)

Negative change in risk-standardized event rates from the late period to the
early period (shown to the left of the dotted line) reflect characteristics
associated with an improvement in hospital risk-standardized event rates.
Higher early period community coronavirus disease 2019 (COVID-19) case rates

were associated with decreases in late period risk-standardized event rates,
and increases in community COVID-19 case rates were associated with
increases in late period risk-standardized event rates, adjusting for other
factors. ICU indicates intensive care unit.

2020, the start of the study’s later period, although, to our
knowledge, a survival benefit has not been shown.!® A June
16, 2020, statement from the RECOVERY investigators re-
ported a substantial survival benefit from dexamethasone in
selected patients with respiratory failure.!®-2° Considerable
changes in inpatient management were tried (eg, early vs late
assisted ventilation, differences in oxygen flow, prone or su-
pine positioning, and anticoagulation). Those efforts varied in
how systematically they were evaluated, but our results sug-
gest that valuable experience was gained. Another possible rea-
son forimprovement includes greater use of masks which, theo-
retically, could reduce the viral inoculum and perhaps disease
severity.?! In general, health outcomes improve with time, but
this novel viral infection and our early access to a large set of
patients provided an opportunity to see rapid improvement.

Despite these widespread improvements for nearly all hos-
pitals, this study also revealed large differences in mortality or
referral to hospice between the best- and worst-performing hos-
pitals. Decades of quality measurement often reveal differ-
ences in outcomes across hospitals.??24 The large differences
observed in this study could reflect large differences in funda-
mental quality, but they could also reflect different admission
thresholds across hospitals. For example, although we could
adjust for differences in medical comorbidities, COVID-19 pre-
sents heterogeneously, and we could not adjust for differ-
ences in the manifestations of COVID-19 itself.

Strengths and Limitations

This study has additional limitations. First, the calculated event
rates reflect patients from a single insurer and, therefore, also
alimited set of hospitals. Nevertheless, this study reflects what
is to our knowledge the largest and most comprehensive
sample of US patients with COVID-19 to date, covering com-
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mercially and Medicare-insured populations. Second, we are
unable to measure out-of-hospital mortality. However, most
COVID-19 mortality among inpatients occurs in the hospital and
so should be observable in our data. We used the composite out-
come of death or referral to hospice within 30 days to reflect
any-site mortality more comprehensively. That composite re-
flects what is likely a more complete assessment of the out-
come of interest than used in studies that are restricted to in-
patient mortality. Nevertheless, the fundamental findings of this
study were preserved in sensitivity analyses that used mortal-
ity alone as the outcome. Third, we did not measure morbid-
ity and disability outcomes among survivors that may be mean-
ingful. Fourth, to measure county-level disease burden, we used
cumulative reported case rates that could be sensitive to var-
ied testing availability and use. However, these values were
highly correlated with death rates 1 month later, which would
be less sensitive to testing availability or use (correlation coef-
ficient, 0.881; P < .001). Fifth, in using insurance claims-
based information, we were unable to examine processes of care
that may also help to explain variation in outcomes.

This study also has strengths. It represents a geographi-
cally and sociodemographically diverse group of 38 517
patients and 955 hospitals, allowing confidence in the estima-
tion of individual-level patient factors associated with mor-
tality, and variation in hospital mortality rates and their
changes.

. |
Conclusions

This study revealed that outcomes for patients with COVID-19
rely not only on individual-level risk factors, but also on the
hospital where care is received. This study also revealed that
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during the first 6 months of the COVID-19 pandemic, mortal-
ity rates in US hospitals declined sharply. Nevertheless, the
characteristic that is most associated with poor or worsening
hospital outcomes is high or increasing community case rates.
The association between high community COVID-19 case loads
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