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ABSTRACT

Introduction: Reliable cost and resource use
data for COVID-19 hospitalizations are crucial
to better inform local healthcare resource deci-
sions; however, available data are limited and
vary significantly.
Methods: COVID-19 hospital admissions data
from the Premier Healthcare Database were
evaluated to estimate hospital costs, length of
stay (LOS), and discharge status. Adult COVID-
19 patients (ICD-10-CM: U07.1) hospitalized in
the US from April 1 to December 31, 2020, were

identified. Analyses were stratified by patient
and hospital characteristics, levels of care dur-
ing hospitalization, and discharge status. Fac-
tors associated with changes in costs, LOS, and
discharge status were estimated using regression
analyses. Monthly trends in costs, LOS, and
discharge status were examined.
Results: Of the 247,590 hospitalized COVID-19
patients, 49% were women, 76% were
aged C 50, and 36% were admitted to intensive
care units (ICU). Overall median hospital LOS,
cost, and cost/day were 6 days, US$11,267, and
$1772, respectively; overall median ICU LOS,
cost, and cost/day were 5 days, $13,443, and
$2902, respectively. Patients requiring
mechanical ventilation had the highest hospital
and ICU median costs ($47,454 and $41,510)
and LOS (16 and 11 days), respectively. Overall,
14% of patients died in hospital and 52% were
discharged home. Older age, Black and Cau-
casian race, hypertension and obesity, treat-
ment with extracorporeal membrane
oxygenation, and discharge to long-term care
facilities were major drivers of costs, LOS, and
risk of death. Admissions in December had sig-
nificantly lower median hospital and ICU costs
and LOS compared to April.
Conclusion: The burden from COVID-19 in
terms of hospital and ICU costs and LOS has
been substantial, though significant decreases
in cost and LOS and increases in the share of
hospital discharges to home were observed from
April to December 2020. These estimates will be
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useful for inputs to economic models, disease
burden forecasts, and local healthcare resource
planning.

Keywords: COVID-19; Hospital costs; Intensive
care unit (ICU); Length of stay; Post-acute care

Key Summary Points

Why carry out this study?

Published reports citing healthcare
resource utilization and costs for COVID-
19 hospitalization in the United States
vary widely

Some reports also confuse hospital costs
with hospital charges, and most were not
from COVID-19 patient data

A comprehensive analysis of COVID-19
hospitalization costs is essential to
identify underlying determinants and
observed trends for this rapidly evolving
pandemic

What was learned from the study?

Overall median hospital length of stay,
cost, and cost/day were 6 days, $11,267,
and $1772, respectively. Older age,
comorbidities, and mechanical
ventilation were major drivers of costs,
hospital length of stay, and risk of death.
A downward trend of cost and hospital
stay was observed from April to December
2020

These results highlight the significant
burden from COVID-19 in the US in terms
of hospital costs and length of stay

These estimates will be useful for inputs to
economic models, disease burden
forecasts, and local healthcare resource
decisions

INTRODUCTION

Coronavirus disease 2019 (COVID-19) is
imposing a substantial burden on the United
States (US) healthcare system [1]. As of July
2021, 33.8 million confirmed COVID-19 cases
and 605,905 associated deaths have been
reported by the Centers for Disease Control and
Prevention in the US. [2]. Precautionary mea-
sures such as social distancing and quarantine
to slow the spread of COVID-19 have impacted
psychological health and inter-personal lives,
while also leading to economic downturn and
job losses, especially in socioeconomically dis-
advantaged communities [1, 3].

COVID-19 primarily affects the respiratory
system, followed by cardiovascular, hepatic,
renal, gastrointestinal, and central nervous sys-
tems. Pneumonia-related respiratory symptoms
including breathlessness and respiratory failure
are the common clinical manifestations of
COVID-19 [4]. According to previous reports,
among all hospitalized patients with COVID-19,
approximately 14–30% developed acute respi-
ratory distress syndrome, with an associated
mortality rate of 45–75% [5, 6]. Approximately
one-third of COVID-19 survivors who had sev-
ere or critical disease are likely to have long-
term clinical and mental health complications
with an increased risk of premature death [7].
The severity of the disease is positively corre-
lated with age, males, and underlying comor-
bidities, including cardiovascular disease,
chronic kidney disease, chronic lung disease,
diabetes, obesity, and malignancy.

The US Food and Drug Administration rec-
ommends multiple therapies to reduce inflam-
mation and repair damage to ailing lungs due to
COVID-19. Such treatments include neutraliz-
ing antibodies (bamlanivimab, etesevimab,
casirivimab, and imdevimab), and anti-inflam-
matory and antiviral therapies (baricitinib and
remdesivir) [8]. However, all these medications
are approved under emergency use authoriza-
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tion and require more data to support their
effectiveness in patients with severe disease. In
addition, although an increasing number of
patients are being vaccinated, questions related
to dose and administrations are yet to be
answered [9]. Therefore, supplemental oxy-
genation via mechanical ventilation (MV) or
non-MV remains an essential part of the man-
agement of hospitalized COVID-19 patients
with severe respiratory failure.

Published reports citing healthcare resource
utilization and costs for COVID-19 hospitaliza-
tion in the US vary widely between studies, and
the majority were not derived from data from
actual COVID-19 patients [10–12]. In addition,
some reports conflate hospital costs with hos-
pital charges [13]. A recent observational study
reported descriptive data for COVID-19 hospi-
talization [14]; however, the underlying factors
for the reported increases in hospitalization
costs have not been assessed.

Due to the wide variation in estimates from
multiple sources, a more comprehensive analy-
sis of the healthcare resource utilization and
costs associated with COVID-19 hospitalization
is required. In addition, identifying important
underlying determinants and examining
observed trends is essential for this rapidly
evolving pandemic. Here, we present estimates
of COVID-19-related inpatient costs and length
of stay (LOS), at both overall hospital and
intensive care unit (ICU)-specific level, for var-
ious patient subgroups and investigate the fac-
tors influencing these estimates using a large
and nationally representative hospital database.

METHODS

Data Source and Population

This observational study utilized inpatient hos-
pital admissions and discharge records of adult
patients with a diagnosis for COVID-19 from
the Premier Healthcare Database (PHD) [15].
The PHD is a large patient-level information
system that can be used for clinical and finan-
cial comparative analysis. It includes discharge
records from more than 800 non-governmental,
community, and academic hospitals across the

US. The database represents about one in five of
all-cause inpatient discharges in the US. The
PHD records were de-identified to protect
patients’ privacy and are fully compliant with
the US health information privacy require-
ments, including the Health Insurance Porta-
bility and Accountability Act of 1996. This is an
observational study that uses previously col-
lected data and does not impose any form of
intervention, and was performed in accordance
with the Helsinki Declaration of 1964 and its
later amendments.

Adult patients (aged C 18 years) who had at
least one report of COVID-19 diagnosis [Inter-
national Classification of Disease, Tenth Revi-
sion, Clinical Modification (ICD-10-CM) code:
U07.1], and valid discharge status during the
study period, April 1 to December 31, 2020,
were included in this analysis. The diagnostic
code U07.1 was shown to have high sensitivity
(98.01%) and specificity (99.04%) to identify
COVID-19 cases in real-world data since it has
been widely adopted by hospitals in the US [16].

Outcomes and Measures

Total and daily hospital costs, total and daily
ICU costs, hospital LOS, ICU LOS, and discharge
status were the main outcomes of this study.
Only the first hospitalization for each patient
was included in this analysis (approximately 4%
of patients had more than 1 hospitalization in
the PHD).

Patient characteristics included sex, age,
race, ethnicity, and comorbidities [asthma,
autoimmune disease, chronic obstructive pul-
monary disease (COPD), diabetes, hyperten-
sion, and obesity]. Hospital characteristics
included geographic region, area of hospital-
ization (urban or rural), hospital status (com-
munity or academic), hospital size (based on
number of beds), and insurance payer mix.

ICU admissions were identified based on
recorded ICU Current Procedural Terminology,
4th Edition (CPT-4) codes or charge master
codes. Total hospital and ICU costs were calcu-
lated as the sum of medical and medication
costs accrued during the hospital or ICU stay.
Daily hospital or ICU costs were calculated as
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total hospital cost divided by LOS at the hos-
pital or ICU, respectively.

The main outcomes were stratified based on
subgroups including patient characteristics,
hospital characteristics, levels of care according
to the ordinal scale defined in the Adaptive
COVID-19 Treatment Trial Ordinal Scale (ACTT
OS) [17, 18], and 15 most frequent Medicare
Severity Diagnosis-Related Groups (MS-DRG).

The level of care was estimated according to
the ACTT OS scores based on oxygen procedures
received by patients during hospitalization.
Patients were categorized into five ACTT OS
groups based on oxygen treatments: no sup-
plemental oxygen (ACTT OS 3/4), supplemental
oxygen (ACTT OS 5), non-invasive ventilation
or high-flow oxygen (ACTT OS 6), invasive MV
or extracorporeal membrane oxygenation
(ECMO) (ACTT OS 7), and death (ACTT OS 8).

The underlying determinants or predictors
for the differences in costs, LOS, and discharge
status were analyzed using univariate and mul-
tivariate regression analyses with the following
variables: patient characteristics, hospital char-
acteristics, (level of care) ACTT OS, MS-DRG
codes, month of discharge status, and month of
hospitalization.

For patients with zero total hospital and ICU
costs reported on the hospital record, no
imputations were performed, thus these
patients were not included in the cost analyses.
In addition, costs were trimmed to reduce the
impact of extremely low (below 1st percentile)
or high costs (above 99th percentile), as done in
other hospital cost studies [19].

Statistical Analysis

Descriptive analysis of the data is reported as
frequency, mean, median, and standard devia-
tion. To compare the costs and LOS within
groups, adjusting for patient and hospital level
characteristics, a multivariate log-linear regres-
sion was fitted including age groups, sex, race,
ethnicity, geographic region, comorbidity,
hospital type, urban status, payer type, ACTT
OS, MS-DRG codes, discharge status, and
admission month, while dependent variables
(costs, LOS) were log-transformed. The least

square (LS) means and LS means differences,
along with 95% confidence intervals (CIs) and
P values were presented. Discharge status within
groups was compared, adjusting for patient- and
hospital-level characteristics, by using a logistic
regression fitted with covariates of age groups,
sex, race, ethnicity, geographic region, comor-
bidity, hospital type, urban status, payer type,
ACTT OS, MS-DRG codes, and admission
month. Odds ratios (OR), CIs, and a P values
were reported. A P value of B 0.05 was consid-
ered as statistically significant. Multiple group
comparisons were adjusted with a Bonferroni
correction. A comparison of key outcomes (in-
patient costs, LOS, hospital discharge status) by
month was conducted. Sample selection and
the creation of analytic variables were per-
formed using the Instant Health Data platform
(Panalgo, Boston, MA, USA). The regression
models were estimated using SAS v.9.4 (SAS
Institute, Cary, NC, USA).

RESULTS

From a total of 770,397 patients with a diag-
nosis of COVID-19 in the PHD database,
247,590 hospitalized patients were included in
this study. Attrition of patients is presented in
Fig. 1.

Overall, 49% of patients were women, 87%
were aged above 40 years, and 60% were Cau-
casian. The most frequent comorbidity was
hypertension, followed by diabetes, and obe-
sity. About 90% of patients were hospitalized in
urban areas and 48% patients were from the
Southern region of the US. Almost two-thirds
([65%) of the patients had government
(Medicare or Medicaid) insurance and 24% were
commercially insured. In total, 198,806 patients
were evaluated for hospital costs after excluding
low- and high-cost outliers. The median total
hospital costs were $11,267 and hospital
costs/day were $1772. Among all hospitalized
patients, 88,530 were admitted to ICU and
70,054 (with cost information) were included in
the ICU cost analyses. Median ICU total costs
were $13,443 and costs/day were $2902. Over-
all, the median LOS in hospital was 6 days and,
among patients admitted to ICU, the median
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ICU LOS was 5 days (Fig. 2a, b; Tables S1a, S1b,
S4).

Hospital Cost and Length of Stay
by Patient Characteristics

Cost and LOS estimates stratified by patient
characteristics are presented in Fig. 2a, b (hos-
pital and ICU) and Tables S1a (hospital), and
S1b (ICU). Among all hospitalized patients, the
median cost was highest for men ($12,237),
Asians ($12,785), patients aged 70–79 ($13,181),
and those with COPD ($13,582). The median
LOS generally was similar across patient demo-
graphic groups; the highest LOS (7 days) was for
men, those aged[60 years, and those with
autoimmune disease, COPD, diabetes, hyper-
tension, and obesity (Table S1a). Among
patients admitted to ICU, the median costs were
highest for men ($14,468), other race ($18,247),

patients aged 60–69 ($16,540), and those with
obesity ($16,330). The median ICU cost/day was
comparable across the groups. The median ICU
LOS was highest for patients with obesity
(6 days) (Table S1b).

Hospital Cost and Length of Stay
by Hospital Characteristics

Cost and LOS estimates stratified by hospital
characteristics are presented in Fig. 3a, b (hos-
pital and ICU) and Tables S2a (hospital) and S2b
(ICU). The median total hospital costs and
median hospital cost/day were highest for
patients from the Northeast region ($14,497
and $2263, respectively). The highest median
LOS (7 days) was for patients from the Western
region, admitted to hospitals with over 500
beds, or with Medicare insurance (Table S2a).
Among patients who were admitted to ICU, the

Fig. 1 Patient attrition and cohort selection
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highest median costs and median cost/day were
recorded in patients from the Northeast
($19,727, and $4136, respectively). The median
LOS was 5 days for patients hospitalized from
the Midwest, Northeast, and Western regions,

in urban hospitals, academic and community
hospitals, and hospitals with over 300 beds, and
who had Medicare or Medicaid insurance
(Table S2b).

Fig. 2 COVID-19 hospital and ICU total costs (a) and costs/day (b) by patient characteristics; ICU intensive care unit
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Fig. 3 COVID-19 hospital and ICU total costs (a) and costs/day (b) by hospital characteristics; ICU intensive care unit
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Hospital Cost and Length of Stay by ACTT
OS Scores, and MS-DRG Codes

The main outcomes stratified based on the
levels of care (ACTT OS) are presented in Fig. 4a,
b (hospital and ICU) and Tables S3a (hospital)

and S3b (ICU); and the most frequent MS-DRGs
(9 respiratory, 3 sepsis, 2 renal failure, and 1
cardiovascular-related) are presented in
Tables S3a (hospital) and S3b (ICU). Over half
(n/N: 106,924/198,806 = 54%) of patients did
not require supplemental oxygen (ACTT OS

Fig. 4 COVID-19 hospital and ICU total costs (a) and
costs/day (b) by level of care (ACTT OS). ACTT OS
were estimated using the oxygen procedures received by
patients during the hospitalization. ACTT OS 3/4 no
supplemental oxygen, ACTT OS 5 supplemental oxygen,

ACTT OS 6 non-invasive ventilation or high-flow oxygen,
ACTT OS 7 ECMO using invasive mechanical ventila-
tion, ACTT OS 8 death; ACTT OS Adaptive COVID-
19 Treatment Trial ordinal scale
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3/4), while 28% (n = 54,772) required supple-
mental oxygen (ACTT OS 5), 7% (n = 13,705)
required non-invasive MV or high-flow oxygen
(ACTT OS 6) and 12% (n = 23,405) required
invasive MV or ECMO (ACTT OS 7). Hospital
and ICU costs and LOS increased with the
requirement of supplemental oxygen and the
use of non-invasive to invasive MV. The highest
median hospital costs were reported for ACTT
OS 7 (required ECMO) ($47,454) (Fig. 4a,
Table S3a).

Among patients who died in hospital (ACTT
OS 8), the median hospital cost was $24,973
and median hospital cost/day was $2,685
(Fig. 4a; Table S3a), the median ICU cost was
$27,742 and ICU cost/day was $3,757 (Fig. 4b;
Table S3b), while the median hospital LOS was
10 days (Table S3a), and the median ICU LOS
was 8 days (Table S3b).

The most frequent MS-DRG code was 177
[respiratory infections and inflammations with
major complication or comorbidity (MCC)]
(50.3%: 99,963 of 198,806 patients). Although
infrequent, the median hospital cost and LOS
were highest for MS-DRG code 4 (tracheostomy
with MV[96 h or principal diagnosis except
face, mouth, and neck without major operating
room procedure: $114,182, and 40 days,
respectively) (Table S3a). Among patients who
were admitted to ICU, the median cost and LOS
were highest for MS-DRG code 4) ($114,674,
and 33 days, respectively) (Table S3b).

Discharge Status by Patients and Hospital
Characteristics, ACTT OS, and MS-DRG
Codes

Discharge status stratified by patient and hos-
pital characteristics is presented in Table 1.
Discharges to home were similar by sex; how-
ever, males were more likely to be deceased at
discharge (16%) compared with females (12%).
The proportion of patients who died or were
discharged to a skilled nursing facility was seen
to increase with age. Death or discharge to a
skilled nursing facility was common among
older patients who were aged[60 years
([70%), with comorbid COPD ([20%), from
the Northeast region ([17%), hospitalized inT
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urban areas ([25%), and covered by Medicare
insurance (* 20%). Overall, 52% (129,046/
247,590) of patients were discharged home,
12% (25,599/247,590) were discharged to a
skilled nursing facility, and 13.7% (33,917/
247,590) died in hospital (Table S5).

Discharge status stratified by levels of care
and MS-DRG groups is presented in Table 2.
With the increase in ACTT OS, home discharge
decreased while discharge due to death
increased. While discharge home was most fre-
quent for ACTT OS 3/4 (62%), discharge due to
death was more common in ACTT OS 7 (61%).
Among patients stratified based on MS-DRG
codes, discharge due to death was more fre-
quent for MS-DRG codes 189, 190, 193 (pul-
monary edema and respiratory failure, COPD
with MCC, and simple pneumonia and pleurisy
with MCC, respectively;[65%).

Determinants of Costs and Length of Stay

Determinants of hospital and ICU costs and
LOS are presented in Tables 3 (hospital) and 4
(ICU), and Table S3 (descriptive analysis of cost
versus month of admission). Hospital costs for
males were significantly higher compared to
females [least square mean difference (4)
$2474; P\0.0001], while costs versus patients
aged 18–29 years ranged from 4 $952 for age
30–39 years to 4 $5196 for age 60–69; both
P\0.001). The mean cost was significantly
higher in patients from the Northeast (4 $7283)
and West (4 $5817) compared with the Mid-
west (P\0.0001). Patients hospitalized in urban
areas accrued higher mean costs (4 $2131)
compared with rural areas (P\0.0001).

By race/ethnicity, mean costs were signifi-
cantly lower in Blacks and Caucasians (-4
$2872 and -4 $2794, respectively) versus
Asians (all P\0.0001). Non-Hispanics had a
lower mean cost (-4 $3284) compared with
Hispanics (P\0.0001).

Among patients with comorbid conditions,
mean cost was higher in obese patients (4
$2161) and in diabetic patients (4 $1892) ver-
sus those without obesity or diabetes (both
P\0.0001), respectively. Overall cost increased
with the intensity of oxygen care (e.g., invasive
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MV). Patients who received the highest level of
care (ACTT OS 7) had a higher mean hospital
cost (4 $44,517) and longer mean LOS (4
12 days) compared with patients who did not
receive oxygen during the hospital stay (all
P\0.0001). Patients discharged to long-term
hospital care were associated with a signifi-
cantly higher mean hospital cost (4 $24,110)
compared with patients discharged home
(P\0.0001). Compared with patients hospital-
ized in April 2020, for patients hospitalized in
May 2020 the cost was significantly higher (4
$1054, P\0.0001), while the costs of hospital-
ization in all months from June to December
were significantly lower (all P\0.0001)
(Table 3). Further, a descriptive analysis showed
a decreasing trend in median hospital and ICU
costs from April 2020 ($14,412, and $19,034,
respectively) to December 2020 ($6967, and
$6657, respectively). The median hospital and
ICU LOS was decreased from April 2020 (7 days
and 6 days, respectively) to December 2020
(4 days and 3 days, respectively) (Table S6).

Among patients admitted to ICU, the mean
cost and LOS also increased with the following
regressors: male sex, older age, Asian race (vs.
Blacks and Caucasians), Hispanic ethnicity (vs.
non-Hispanics), Medicaid insurance (vs. Com-
mercial insurance), asthma, diabetes and obe-
sity (without respective comorbidities), levels of
care (vs. ACTT OS 3/4), hospital size ([99
vs.\99 beds), and all discharge categories (vs.
home discharge). Mean ICU cost/day differ-
ences versus April 2020 ranged from 4 $319
(September) to -4 $235 (November) (Table 4).

Determinants of Discharge Status

Multivariable logistic regression analyses on
predictors of discharge status are provided in
Table 5, Fig. 5a and b (discharge status versus
month of admission), and Table S7 (descriptive
data discharge status versus month of admis-
sion). The odds to be discharged to home
decreased with age, (for age 70–79, the OR was
0.156 and for age 80–89, the OR was 0.054 rel-
ative to patients aged 18–29), and by ACTT OS
level (for ACTT OS 6, the OR was 0.383 and for
ACTT OS 7, the OR was 0.04 relative to ACTT OS
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3/4 level), while the odds of death increased in
age and by ACTT OS levels. Requirement of
supplemental oxygen including ECMO (ACTT
OS 5 to 7) increased the odds of discharge to
long-term care facilities [for ECMO OR (95%
CI): 10.112 (8.799–11.621) compared to ACTT
OS 3/4] (Table 5).

The odds of home discharge were higher
from June to December, compared to April,
with the highest odds of home discharge in
December [OR (95% CI): 2.221 (1.950–2.529)].
In addition, the odds of death were lower from
May to December, compared to April, with the
lowest odds of death in December [OR (95% CI):
0.411 (0.328–0.514)] (Fig. 5a, b). Further, a
descriptive analysis showed that discharge sta-
tus varied with the month of hospital admis-
sions. Overall, the proportion of specialty care
(other than home) discharge decreased from
April to December 2020. Maximum death was
reported in the month of April, which decreased
to the month of December, while the propor-
tion of patients discharged home increased
from 41 to 61%, discharge to a skilled nursing
facility decreased from 15.3% to 9.4%, and
deaths decreased from 21.8 to 7.3% by Decem-
ber 2020 (Table S7).

DISCUSSION

Demographics and clinical characteristics of
patients analyzed in this study are consistent
with previous studies on hospitalized COVID-19
patients identified from the PHD, with some
differences [14, 20, 21]. Our results revealed that
COVID-19 imposes a substantial burden on
hospitals and patients, resulting in high costs,
LOS, and ICU use, a large proportion of patients
requiring post-acute care, and significant mor-
tality among several patient subgroups. Previ-
ous studies that reported the cost of
hospitalization in patients with COVID-19 were
mostly based on assumptions or non-COVID-19
cost data reported with respect to related disease
conditions such as pneumonia [10, 19].

To the best of our knowledge, the only study
that reported hospital charges and costs data for
COVID-19 patients was conducted by Di Fusco
et al. [14] and studied 173,942 patients

hospitalized with COVID-19 identified from the
PHD during April 1 to October 31, 2020. Results
from that study showed that 22% of all patients
were admitted to the ICU and 16.9% received
invasive MV. Consistent with our study, Di
Fusco et al. also reported that the median hos-
pital LOS was 5 days and median hospital costs
were $12,046. The hospital LOS and costs
increased up to 15 days in patients who used
invasive MV in ICU admission. They also
reported that government insurance and sever-
ity of disease were associated with increased
LOS and costs [14]. However, unlike previous
studies, more patients were admitted to ICU in
our study (10–19% vs. * 36% in our study,
respectively) [6, 14, 20, 21].

Although there are some similarities with the
study conducted by Di Fusco et al., the present
study is unique in several ways. Firstly, our
study is the first to report adjusted results using
multivariate log-linear and logistic regression
analyses to identify the major drivers of costs,
LOS, and discharge status. In addition, we have
stratified cost, LOS, and discharge data based on
ACTT OS scores and MS-DRG codes. Further-
more, our study provides important new results
by month to show significant time trends in
costs and outcomes.

Treatments that can reduce time to recovery
and limit progression of disease towards
requiring higher levels of oxygen support (in-
vasive/non-invasive MV) may lead to better
outcomes for patients, as well as conserving
scarce resources for hospitals. The multivariate
analyses further confirmed the trend observed
in the descriptive analysis. The log-linear
regression showed that age, comorbidity,
Northeast region, and Medicare insurance,
along with requirement of supplemental oxy-
gen including ECMO via invasive MV, and dis-
charge of patients to long-term care facilities or
death were the major drivers of costs and LOS.
The multivariable logistic regression showed
that major factors for discharge due to death
were higher age and ACTT OS 7. The OR for
death was 11.6 for patients aged 70–79 versus
those aged 18–29 years. Similarly, the OR for
death was 54.1 for patients with ACTT OS of 7.
Overall, teaching status and the size of hospitals
had little impact on cost and discharge status.
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We also observed a downward trend of LOS,
cost, discharge to post-acute care, and discharge
due to death from April to December 2020. Over
this time period, there was almost a 50%
reduction in median hospital costs. The median
LOS and median ICU LOS both fell by 3 days
over the study period, while the median ICU
costs decreased by 35%. Discharge status
improved from April to December 2020 with an
increase of home discharge by 20%, whereas
discharge due to death fell by 14%. A recent
report also showed that in-hospital mortality,
LOS, and use of mechanical ventilation in
patients with COVID-19 decreased from March/
April to September/November 2020 (mortality
fell from 19 to 11%, LOS fell from 10.7 to
7.5 days, and use of mechanical ventilation fell
from 23.3 to 13.9% of patients) [22]. The trend
of decrease in mortality and cost from our
analyses may be associated with improved
understanding of the pathophysiology of
COVID-19 with time and the associated avail-
ability and implementation of newer treatment
protocols, including increased use of medica-
tions such as glucocorticoids and remdesivir
[22].

The results of our study suggest that reducing
time to recovery by only one hospital day may
save $2118 per patient/day on average, and, if
applied to the 198,806 patients in our cost
analysis alone, the cost savings would exceed
$421 million. Reducing ICU LOS by one day
would save $3586 per patient/day on average,
and over $251 million based on the 70,054 ICU
patients in our cost analysis. In addition, effi-
cacious therapies could reduce the burden on
post-acute care facilities. These data will be
useful as inputs for cost-effectiveness models to
evaluate the potential impacts of COVID-19
prevention and treatment efforts.

Although the present study has multiple
strengths, including a large sample size, robust
analyses, and predictor model of inpatient

hospitalization costs and trends, it has several
limitations which can be expected from any
observational study; hence, results of this study
should be interpreted with caution. Apart from
the possibility of coding errors, these results
may not be generalizable to other populations
beyond those identified in the PHD. In addi-
tion, private for-profit hospitals are underrep-
resented in the study sample. Moreover,
indirect costs and rehospitalizations were not
assessed, although previous research has shown
that 9% of COVID-19 survivors required read-
mission during the early phase of this pandemic
[20]. Overall, * 18% of the patients did not
have cost information due to incomplete
financial reconciliation and a resultant delay in
submission of hospital cost data to the PHD
system. For this reason, incomplete cost infor-
mation was more common among patients
hospitalized later in the study period. Further-
more, a subset of patients with cost data outside
the 1st and 99th percentiles were excluded in
the cost analysis to reduce skewness in cost
data.

Therefore, further studies are warranted in
other care settings and databases. Nevertheless,
results of this study provide important insights
into the economic burden and changes over
time associated with COVID-19 in the US.

CONCLUSIONS

Results of this study showed that the total
median length of stay in hospital was 6 days
and the median total hospital cost was $11,267.
The median length of stay in ICU was 5 days
and median total ICU cost was $13,443. This
study is the first comprehensive analysis of
healthcare resource use and hospital costs due
to COVID-19 cases in the United States, using a
large, nationally representative hospital data-
base. These estimates will be useful for inputs to
economic models, disease burden forecasts, and
local healthcare resource decisions.

bFig. 5 a Discharge status (home, skilled nursing facility,
and death) of COVID-19 from hospital by month of
admission. b Discharge status (inpatient rehab, hospice,
long-term care, and other) of COVID-19 from hospital by
month of admission. CI confidence interval, OR odds
ratio
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