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Aim: This observational study investigated the association between remdesivir treatment during
hospitalization for COVID-19 and 30-day COVID-19-related and all-cause readmission across different
variants time periods. Patients & methods: Hospitalization records for adult patients discharged from
a COVID-19 hospitalization between 1 May 2020 to 30 April 2022 were extracted from the US PINC
AI Healthcare Database. Likelihood of 30-day readmission was compared among remdesivir-treated
and nonremdesivir-treated patients using multivariable logistic regression models adjusted for age,
corticosteroid treatment, Charlson comorbidity index and intensive care unit stay during the COVID-19
hospitalization. Analyses were stratified by maximum supplemental oxygen requirement and variant time
period (pre-Delta, Delta and Omicron). Results: Of the 440,601 patients discharged alive after a COVID-19
hospitalization, 248,785 (56.5%) patients received remdesivir. Overall, remdesivir patients had a 30-day
COVID-19-related readmission rate of 3.0% and all-cause readmission rate of 6.3% compared with 5.4%
and 9.1%, respectively, for patients who did not receive remdesivir during their COVID-19 hospitalization.
After adjusting for demographics and clinical characteristics, remdesivir treatment was associated with
significantly lower odds of 30-day COVID-19-related readmission (odds ratio 0.60 [95% confidence interval:
0.58–0.62]), and all-cause readmission (0.73 [0.72–0.75]). Significantly lower odds of 30-day readmission
in remdesivir-treated patients was observed across all variant time periods. Conclusion: Treating patients
hospitalized for COVID-19 with remdesivir is associated with a statistically significant reduction in 30-
day COVID-19-related and all-cause readmission across variant time periods. These findings indicate that
the clinical benefit of remdesivir may extend beyond the COVID-19 hospitalization.

Plain language summary: What is this article about?: Decreasing stress on healthcare workers and the
healthcare system remains an important priority as we recover from the considerable disruption caused
by the pandemic. As people continue to be hospitalized for COVID-19, it is important that patients are
managed appropriately with evidence-based therapies and prevent subsequent readmissions to minimize
additional strain on both the healthcare system and patients. Remdesivir is a safe and effective antiviral
for treatment of COVID-19 infection and has been shown to improve time to patient recovery and reduce
the number of deaths. This large observational study of routine clinical practice of hospitals across the
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US evaluated the association between remdesivir use during COVID-19 hospitalization and likelihood of
readmission.
What were the results?: The study showed that after adjusting for key patient and hospitalization
characteristics, patients treated with remdesivir were 40% less likely to be readmitted to hospital within
30-days for COVID-19 and 27% less likely to be readmitted for any reason compared with patients who did
not receive remdesivir. These findings were consistent across different periods of the pandemic in which
different variants of concern were in circulation.
What do the results mean?: Remdesivir is recommended by clinical guidelines for the treatment of
COVID-19 based on evidence from randomized controlled trials. This observational study complements
the existing evidence by showing that it is also associated with a 40% reduction in the likelihood of
readmissions due to COVID-19. Treating patients hospitalized for COVID-19 with remdesivir improves
clinical outcomes and at the same time, may reduce the burden on healthcare systems beyond the
initial COVID-19 hospitalization, potentially saving bed days for acute patients in need and reducing
inconvenience to patients due to avoidable readmissions.

Tweetable abstract: Findings from a new study of routine clinical practice, throughout the COVID-19
pandemic, including over 400,000 patients from over 800 US hospitals indicates that the benefits of
treating patients hospitalized for COVID-19 with remdesivir may extend beyond the hospitalization as
it is associated with a 40% reduction in COVID-19 readmissions compared with not initiating remdesivir.

First draft submitted: 7 August 2023; Accepted for publication: 14 February 2024; Published online:
29 February 2024

Keywords: COVID-19 • post-discharge outcomes • readmission • remdesivir

Despite the conclusion of the federal COVID-19 Public Health Emergency Declaration in the US, COVID-19
remains a highly consequential disease with short- and long-term health consequences. In 2023 alone, there were
39,514 COVID-19 deaths in the US compared with 3184 influenza deaths up to 10 June 2023 [1]. The US Centers
for Disease Control and Prevention have also estimated that one in five people with a prior positive COVID-19
experience post-acute sequelae of SARS-CoV-2 infection, i.e., long COVID-19 [2].

Growing evidence has demonstrated that a significant proportion of discharged COVID-19 patients develop
recurrence and are subsequently readmitted. A recent systematic review reported that the prevalence of hospital
readmission in the first 30 days following discharge from a COVID-19 hospitalization was 9.0% (95% confidence
interval [CI]: 8.9%–11.8%) and post-discharge all-cause mortality was 7.8% (95% CI: 2.8%–13.0%) [3]. Read-
mission imposes considerable medical and economic burden on both patients and the healthcare system and is
an important indicator for hospital quality of patient care. Initiating COVID-19 therapies that are effective in
improving both in-hospital and post-discharge outcomes, including readmission risk, remains an essential priority
for healthcare systems in managing this evolving disease.

While remdesivir has been shown to reduce time to recovery and improve in-hospital clinical outcomes in
COVID-19 patients in randomized controlled trials and observational studies [4–9], the effect of remdesivir on
post-discharge outcomes has been examined in limited studies. In the ACTT-1 randomized controlled trial, 5%
of patients in the remdesivir group were readmitted to the hospital, as compared with 3% in the placebo group,
but this difference was not statistically significant (difference: 2%; 95% CI: 0%–4%) [4]. A previous observational
study conducted among patients hospitalized for COVID-19 in Rhode Island between 1 April 2020 and 31
December 2020 demonstrated a significant association between remdesivir and 30-day readmission among patients
hospitalized with mild disease (relative risk [RR]: 0.31; 95% CI: 0.13–0.75) but not reaching significance among
the overall study cohort (RR: 0.81; 95% CI: 0.59–1.13) [10]. Given the emergence of new variants of concern and
improvements in COVID-19 management, it is important to examine the association between remdesivir and
readmission across the evolving pandemic in datasets sufficiently large to support the analysis. Understanding the
impact of remdesivir specifically across the variants of concern is relevant and important given it is the only antiviral
that has remained US FDA approved in the treatment of patients hospitalized for COVID-19 throughout the
different variant periods.

The aim of the study was to assess if there is an association between remdesivir treatment during the initial
hospitalization for COVID-19 and 30-day COVID-19-related and all-cause readmission across variant time periods
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including pre-Delta (May 2020–April 2021), Delta (May–November 2021) and Omicron (December 2021–April
2022).

Patients & methods
Study design & data
Hospitalization records for this large, retrospective observational study were extracted from the PINC AI Healthcare
Database (PHD, formerly Premier Healthcare Database; www.pinc-ai.com), a large, geographically diverse, all-payer
hospital administrative database. This database captures data relating to diagnoses, procedures and administered
medications for approximately 25% of all US hospitalizations. Actual dates and times are not available in this
database due to privacy reasons, but admission and discharge month and year are available, and all hospitalization
information and subsequent readmissions are captured relative to hospital admission day, which allow for extracting
of all the information for each day of hospitalization.

Study population
Patients ≥18 years of age hospitalized for COVID-19 and discharged alive between 1 May 2020 and 30 April 2022
were identified in the database as the index COVID-19 hospitalization. COVID-19 hospitalizations were based
on the presence of a primary discharge diagnosis code of COVID-19 (International Classification of Diseases,
[ICD] 10th revision, clinical modification: U07.1), which was flagged in the database as ‘present on admission’.
Patients were excluded if they met any of the following criteria: discharge documented as ‘expired’ or ‘transfer
to hospice’, pregnant, erroneous or incomplete records, transferred to or from another hospital, or admitted for
elective procedures. Patients were also excluded if they were admitted to hospitals that did not report charges for
supplemental oxygen, since some hospitals do not bill supplemental oxygen supply or devices separately and instead
include these charges in room charges.

Remdesivir-treated patients received at least a single dose of remdesivir during the index COVID-19 hospi-
talization, while non-remdesivir patients did not receive remdesivir at any time during the index COVID-19
hospitalization.

Main outcomes & covariates
Thirty-day readmission was defined as readmission to the same hospital within 30 days of being discharged alive
from the index COVID-19 hospitalization. Readmission to different hospitals is not captured in the database and
as such were not included in the definition of readmission. Primary ICD-10-CM diagnosis code for the readmission
was extracted. COVID-19-related (defined as a readmission with a primary or secondary discharge diagnosis of
COVID-19) and all-cause readmission within 30 days was examined.

The following covariates were captured for the index COVID-19 hospitalization: demographics (age group, sex,
race, ethnicity, primary payor), Charlson comorbidity index (CCI), hospital characteristics (hospital bed size, teach-
ing status, region, urban/rural), maximum supplemental oxygen requirements (no supplemental oxygen charges
[NSOc], low-flow oxygen [LFO], high-flow oxygen/non-invasive ventilation [HFO/NIV], invasive mechanical
ventilation/extracorporeal membrane oxygenation [IMV/ECMO]), intensive care unit (ICU) stay and use of cor-
ticosteroids. These covariates were considered to be of clinical importance for COVID-19-related outcomes as they
are indicators of differences in patient demographics, hospital-related variations in care and disease severity. Similar
variables have been assessed in other observational studies on COVID-19 using the same database [9,11,12].

Statistical analysis
Analyses were performed overall, by maximal supplemental oxygen requirement during the index COVID-19 hos-
pitalization, and by periods defined by dominant variants including pre-Delta, Delta-predominant and Omicron-
predominant.

Descriptive analyses of patient characteristics based on whether or not they were readmitted for any reason within
30 days after discharge, as well as whether or not they had received remdesivir during the index COVID-19
hospitalization were conducted. Multivariable logistic regression models were used to assess the association between
remdesivir use and likelihood of 30-day COVID-19-related and all-cause readmission. All models were adjusted for
age, corticosteroid use, variant time period (where applicable), CCI, maximum supplemental oxygen requirements
(where applicable), and ICU stay during index COVID-19 hospitalization. Multicollinearity between the predictors
were tested using variance inflation factor and tolerance. All variance inflation factors were <1.5 and all tolerance

10.57264/cer-2023-0131
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Patients treated with
remdesivir in the index

COVlD-19 hospitalization
n = 248,785

Patients not treated with
remdesivir in the index

COVlD-19 hospitalization
n = 191,816

Study cohort after applying inclusion and exclusion
criteria

n = 440,601

Patients ≥18 years hospitalized with a primary
discharge diagnosis of COVlD-19 between 

May 2020 and April 2022
n = 700,473

259,872 patients excluded from study cohort
Non-exclusive categories:

Pregnant women, n = 212
Had incomplete data, n = 344
Transferred from another hospital or hospice, n = 46,515
Transferred to another hospital, n = 15,754
Admitted for elective procedures, n = 13,413
Discharge disposition of “expired” or “hospice” in the index
COVlD-19 hospitalization, n = 94,223
Patients without supplementary oxygen in hospitals that did
not report any charges for low flow oxygen, n = 108,095
COVlD-19 diagnosis not flagged as “present on
admission”, n = 382

•
•
•
•
•
•

•

•

Figure 1. Study flow scheme.

values were >0.67, indicating no issues with multicollinearity. In the multivariable model, all covariates were
retained in the model irrespective of their p-value. Adjusted odds ratios (aORs) and 95% confidence intervals (CIs)
were summarized.

All statistical analyses were conducted using SAS version 9.4 (SAS 9.4, NC, USA, SAS Institute Inc.). All
statistical tests were two-sided and the level of significance was assessed at p-value < 0.05.

Results
Overall, 440,601 patients hospitalized with a primary diagnosis of COVID-19 were discharged alive from 852
hospitals (Figure 1) during the study period.

There were 33,217 (7.5%) patients who had an all-cause readmission to the same hospital within 30 days.
Compared with non-readmitted patients, readmitted patients were older (median age [interquartile range (IQR)]:
71.0 [60.0; 80.0] vs 63.0 [51.0; 74.0] years), had more comorbidities (CCI ≥4: 36% vs 16%) and were more
likely to have received corticosteroid monotherapy during the index COVID-19 hospitalization (38% vs 29%)
(Table 1). There was an equal proportion of non-readmitted and readmitted patients requiring HFO/NIV (16%),
and IMV/ECMO (3%) during the index hospitalization. The two groups had comparable length of stay (LOS)
during the index COVID-19 hospitalization (median [IQR]: 5.0 [3.0; 8.0] vs 5.0 [3.0; 9.0] days) (Table 1). Of the
readmissions within 30 days, 30.9% were for a primary discharge diagnosis of COVID-19, 15.0% for sepsis and
2.3% for pneumonia (Table 2).

248,785 (56.5%) patients received remdesivir during the index COVID-19 hospitalization (Table 3). Descrip-
tively, compared with non-remdesivir patients, remdesivir-treated patients were younger (median age [IQR]: 62.0
[51.0; 73.0] vs 64.0 [52.0; 76.0]) years) and were more likely to have received some level of supplemental oxygen
support (any supplemental oxygen support [1-NSOc] = 70% vs 48%).

The proportion of patients with a COVID-19-related readmission was 3.0% among the remdesivir-treated group
compared with 5.4% among the non-remdesivir group (Figure 2). Lower rates of COVID-19-related readmission
for the remdesivir-treated group were seen in all three variant time periods including pre-Delta, Delta and Omicron
and across all supplemental oxygenation levels. After adjustment for key covariates, the remdesivir-treated group
had a 40% lower likelihood of 30-day COVID-19-related readmission compared with the non-remdesivir group
(aOR: 0.60; 95% CI: 0.58–0.62; p < 0.0001). This statistically significant reduction in the likelihood of 30-
day COVID-19-related readmission was observed consistently across pre-Delta, Delta and Omicron variant time
periods and across all supplemental oxygen requirements during the index hospitalization.

The proportion of patients with an all-cause readmission within 30 days was 6.3% in the remdesivir-treated
group and 9.1% in the non-remdesivir group (Figure 3). Lower rates of readmission for the remdesivir-treated
group were seen in all three variant time periods including pre-Delta, Delta and Omicron and across all supplemen-
tal oxygenation levels. After adjustment for key covariates, remdesivir-treated patients had a 27% lower likelihood
of 30-day all-cause readmission compared with non-remdesivir patients (aOR: 0.73; 95% CI: 0.72–0.75; p <
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Table 1. Characteristics of patients in the index COVID-19 hospitalization, by all-cause readmission within 30-days
Readmitted patients Non-readmitted patients Overall

Patients (n) 33,217 407,384 440,601

Hospitals (n) 747 852 852

Age, years Median [IQR] 71.0 [60.0; 80.0] 63.0 [51.0; 74.0] 63.0 [51.0; 74.0]

Age group, years 18–49 11% 23% 22%

50–64 24% 32% 31%

65+ 65% 45% 47%

Race White 73% 69% 70%

Black 18% 17% 17%

Asian 2% 2% 2%

Other 7% 12% 11%

Sex Female 48% 49% 49%

Ethnicity Hispanic 11% 17% 16%

Non-Hispanic 79% 73% 73%

Unknown 10% 11% 11%

Primary payor Commercial 15% 31% 29%

Medicare 70% 48% 49%

Medicaid 10% 12% 12%

Other payor 5% 10% 10%

CCI 0 15% 33% 32%

1–3 49% 51% 50%

≥4 36% 16% 18%

Hospital setting Urban 86% 86% 86%

Rural 14% 14% 14%

Teaching status Teaching 42% 39% 40%

Census regions Midwest 24% 21% 21%

Northeast 11% 10% 10%

South 53% 55% 55%

West 12% 14% 14%

Bed size �100 6% 7% 7%

100–199 15% 17% 17%

200–299 20% 20% 20%

300–399 21% 19% 19%

400–499 10% 9% 10%

500+ 29% 27% 27%

Maximum supplemental oxygen
requirement (highest level of
oxygenation during the index COVID-19
hospitalization)

NSOc 42% 39% 39%

LFO 40% 42% 42%

HFO/NIV 16% 16% 16%

IMV/ECMO 3% 3% 3%

LOS Median [IQR] 5.0 [3.0; 8.0] 5.0 [3.0; 9.0] 5.0 [3.0; 9.0]

ICU stay 19% 20% 20%

COVID-19 treatments Remdesivir 48% 57% 56%

Corticosteroids 86% 87% 87%

Remdesivir + corticosteroids 41% 48% 47%

Corticosteroids monotherapy 38% 29% 29%

Remdesivir monotherapy 1% 2% 1%

Remdesivir + corticosteroids + (baricitinib or
tocilizumab)

5% 8% 8%

Remdesivir + (corticosteroids or baricitinib or
tocilizumab)

46% 56% 55%

CCI: Charlson comorbidity index; HFO/NIV: High-flow oxygen/non-invasive ventilation; ICU: Intensive care unit; IMV/ECMO: Invasive mechanical ventilation/extracorporeal membrane
oxygenation; IQR: Interquartile range; LFO: Low-flow oxygen; LOS: Length of stay; NSOc: No supplementary oxygen charges.

10.57264/cer-2023-0131
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Overall cohort

Pre-delta

Delta

Omicron

7453/248,785 = 3.0%

3921/122,560 = 3.2%

2031/83,178 = 2.4%

1501/43,047 = 3.5%

10,396/191,816 = 5.4%

6656/109,348 = 6.1%

2021/44,215 = 4.6%

1719/38,253 = 4.5%

Maximum oxygenation in index hospitalization

Unadjusted analysis Adjusted analysis

NSOc

LFO

HFO/NlV

lMV/ECMO

2555/73,589 = 3.5%

3487/115,923 = 3.0%

1301/50,029 = 2.6%

110/8974 = 1.2%

5883/99,030 = 5.9%

3630/68,389 = 5.3%

795/19,815 = 4.0%

88/4582 = 1.9%

Patients with 30-day COVlD-19
readmission/

number of patients, n/N (%)
Likelihood of 30-day COVlD-19

readmission
aOR with 95% Cl

RDV Non-RDV

aOR [95% Cl] p-value

0.60 [0.58–0.62]

0.54 [0.52–0.57]

0.61 [0.57–0.65]

0.77 [0.72–0.83]

0.55 [0.52–0.57]

0.61 [0.58–0.65]

0.73 [0.67–0.80]

0.72 [0.54–0.97]

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

 0.0301

Favors RDV Favors non-RDV
0.6 0.80.4 1.0 1.2

Figure 2. 30-day COVID-19-related readmission among patients hospitalized for COVID-19 across the variant time
periods and by maximum supplemental oxygenation from May 2020 to April 2022. Estimates adjusted for
characteristics of index COVID-19 hospitalization: age group, corticosteroids use, variant time period, Charlson
comorbidity index, maximum supplemental oxygenation requirements and intensive care unit stay.
95% CI: 95% confidence interval; aOR: Adjusted odds ratio; HFO/NIV: High-flow oxygen/non-invasive ventilation;
IMV/ECMO: Invasive mechanical ventilation/extracorporeal membrane oxygenation; LFO: Low-flow oxygen; NSOc: No
supplemental oxygen charges; RDV: Remdesivir.

Overall cohort

Pre-delta

Delta

Omicron

NSOc

LFO

HFO/NlV

lMV/ECMO

4806/73,859 = 6.5%

7025/115,923 = 6.1%

3379/50,029 = 6.8%

570/8974 = 6.4%

9055/99,030 = 9.1%

6181/68,389 = 9.0%

1834/19,815 = 9.3%

367/4582 = 8.0%

15,780/248,785 = 6.3%

7766/122,560  = 6.3%

4256/83,178 = 5.1%

3758/43,047 = 8.7%

17,437/191,816 = 9.1%

10,176/109,348  = 9.3%

3466/44,215 = 7.8%

3795/38,253 = 9.9%

Unadjusted analysis Adjusted analysis

Patients with 30-day readmission/
number of patients, n/N (%)

RDV Non-RDV

Maximum oxygenation in index hospitalization

Likelihood of 30-day readmission
aOR with 95% Cl aOR [95% Cl] p-value

0.73 [0.72–0.75]

0.69 [0.67–0.71]

0.72 [0.68–0.76]

0.87 [0.83–0.92]

0.70 [0.67–0.73]

0.73 [0.70–0.76]

0.82 [0.77–0.87]

0.87 [0.76–1.01]

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

  0.0613

Favors RDV Favors non-RDV

0.80.6 1.0 1.2

Figure 3. 30-day all-cause readmissions among patients hospitalized for COVID-19 across the variant time periods
and by maximum supplemental oxygenation from May 2020 to April 2022.
Estimates adjusted for characteristics of index COVID-19 hospitalization: age group, corticosteroids use, variant time
period, Charlson comorbidity index, maximum supplemental oxygenation requirements and intensive care unit stay.
95% CI: 95% confidence interval; aOR: Adjusted odds ratio; HFO/NIV: High-flow oxygen/non-invasive ventilation;
IMV/ECMO: Invasive mechanical ventilation/extracorporeal membrane oxygenation; LFO: Low-flow oxygen; NSOc: No
supplemental oxygen charge; RDV: Remdesivir.

10.57264/cer-2023-0131 J. Comp. Eff. Res. (2024) e230131
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Table 2. Top 10 primary discharge diagnoses reported for the readmissions within 30 days.
ICD-10-CM Description Readmissions (n) %

U07.1 COVID-19, virus identified 10,257 30.9

A41.89 Other specified sepsis 2616 7.9

A41.9 Sepsis, unspecified 2358 7.1

J18.9 Pneumonia, unspecified organism 752 2.3

I13.0 Hypertensive heart and chronic kidney disease with heart failure
and stage 1 through stage 4 chronic kidney disease, or unspecified
chronic kidney disease

721 2.2

I26.99 Other pulmonary embolism without acute cor pulmonale 634 1.9

N17.9 Acute kidney failure, unspecified 633 1.9

I11.0 Hypertensive heart disease with heart failure 562 1.7

J96.21 Acute and chronic respiratory failure with hypoxia 488 1.5

J96.01 Acute respiratory failure with hypoxia 418 1.3

Table 3. Characteristics of patients by remdesivir use in the index COVID-19 hospitalization.
RDV Non-RDV

Patients (n) 248,785 191,816

Hospitals (n) 810 838

Age, years Median [IQR] 62.0 [51.0; 73.0] 64.0 [52.0; 76.0]

Age group, years 18–49 23% 21%

50–64 33% 29%

65+ 44% 50%

CCI 0 33% 29%

1–3 52% 50%

≥4 15% 21%

Maximum supplemental oxygen
requirement (highest level of
oxygenation during the index COVID-19
hospitalization)

NSOc 30% 52%

LFO 46% 36%

HFO/NIV 20% 10%

IMV/ECMO 4% 2%

LOS Median [IQR] 5.0 [3.0; 8.0] 5.0 [3.0; 9.0]

ICU stay 22% 17%

Variant time period Pre-Delta 49% 57%

Delta 34% 23%

Omicron 17% 20%

CCI: Charlson comorbidity index; HFO/NIV: High-flow oxygen/non-invasive ventilation; ICU: Intensive care unit; IMV/ECMO: Invasive mechanical ventilation/extracorporeal membrane
oxygenation; IQR: Interquartile range; LFO: Low-flow oxygen; LOS: Length of stay; NSOc: No supplementary oxygen charges; RDV: Remdesivir.

0.0001). Statistically significant lower likelihood of 30-day readmission for the remdesivir-treated group versus
non-remdesivir group was observed consistently across pre-Delta, Delta, and Omicron variant time periods and
among patients requiring NSOc, LFO or HFO/NIV during index COVID-19 hospitalization (Figure 3).

Discussion
In this large observational study of almost half million patients hospitalized for COVID-19, treatment with
remdesivir was associated with a 40% and 27% statistically significant lower likelihood of 30-day COVID-19-
related and all-cause readmission, respectively. The lower likelihood of readmission among patients receiving
remdesivir was observed across all variant time periods from 1 May 2020 to 30 April 2022 and in patients that did
and did not require supplemental oxygen during the index COVID-19 hospitalization, alike. Overall, compared
with non-readmitted patients, patients readmitted within 30 days tended to be older, have higher comorbidity
burden and did not require supplemental oxygen during their index COVID-19 hospitalization.

This study provides incremental insights to complement and build on existing evidence indicating the important
clinical benefit of remdesivir in patients hospitalized for COVID-19. Reductions in hospital readmission results in
health benefits and cost savings for both patients and the healthcare systems. Decreasing the stress and burden on

10.57264/cer-2023-0131
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healthcare workers and the healthcare system remains an important priority as we recover from the considerable
disruption and strain caused by the pandemic and prepare for the evolving endemic phase. This was also imperative
amid surge planning, limited bed capacity, rationing of medical supplies and treatments, to utilize effective initial
treatment strategies like remdesivir that would avoid downstream readmission mitigating the likelihood these
patients would need to consume these finite and constrained resources.

There is extensive evidence supporting the use of remdesivir among patients hospitalized for COVID-19. For
example, in the ACTT-1 study, remdesivir use was shown to decrease time to recovery [4]. An individual patient
data meta-analysis of eight RCTs demonstrated that remdesivir reduced 28-day mortality in patients hospitalized
for COVID-19 not requiring supplemental oxygen but was underpowered to detect an effect among patients
requiring supplemental oxygen [13]. Real-world evidence has also demonstrated that remdesivir use is associated
with a more rapid clinical improvement in COVID-19 patients [8]. Initiating remdesivir treatment upon admission
for COVID-19 has been shown to decrease 30-day mortality in patients who received supplemental oxygen on
the day of admission [14], and in complementary analyses for those that received remdesivir in both the general
population [6,9] and in immunocompromised individuals [11]. Evidence on post-discharge outcomes are limited.
Data from ACTT-1 indicated a higher rate of readmission among patients assigned to remdesivir as compared
with placebo (5% vs 2%) but the trial was underpowered to detect significant differences in this outcome [4].
Few observational studies have indicated a potential benefit of remdesivir on readmission rates [10,15–17]. A study
using data from the National Veterans Affairs Healthcare System demonstrated significantly reduced risk of 30-day
readmission in multiple comparative analyses including propensity-score-quintile adjusted analyses (hazard ratio
[HR]: 0.80; 95% CI: 0.72–0.89), propensity-score-matched analyses (HR: 0.83; 95% CI: 0.71–0.97) and inverse
probability of treatment weighting analyses (HR: 0.96; 95% CI: 0.78–0.94) [16]. A multi-center study investigating
the association between disease-specific factors and post-discharge events observed that treatment with remdesivir
was associated with reduced risk of all-cause readmission or mortality within 14 days of discharge (OR: 0.46; 95%
CI: 0.36–0.61) in a cohort of 3,508 adult patients discharged alive following hospitalization for COVID-19 [15].
In another US-based multi-center study, remdesivir treatment also led to reduced likelihood of readmission (OR:
0.5; 95% CI: 0.4–0.8) [17]. The findings reported in the present study provide incremental evidence that initiating
treatment with remdesivir, a safe and effective antiviral in patients hospitalized for COVID-19 can halt viral
replication and improve patient outcomes and reduce hospital readmission.

Future research could build on the findings from this study by examining readmission to any hospital in an
appropriate database that allows for longitudinal assessment of care across different hospitals. Given some clear
differences in patient characteristics of readmitted and non-readmitted patients, findings from this study may also
inform the development of predictive tools to assess risk of readmission and allow for potential preventive measures
to be established prior to discharge.

Strengths & limitations
Strengths of this study include the large study population which enabled the conduct of subgroup analyses according
to variant time periods and supplemental oxygen requirements during the index COVID-19 hospitalization. As
such, it was possible to investigate whether the association between remdesivir and readmission changed with the
emergence of new variants of concern. The study focused on patients being hospitalized for COVID-19 to ensure
appropriate assessment of readmission outcomes in a well-defined cohort of patients hospitalized for COVID-19.

In terms of study limitations, first, while the analyses adjusted for many potential confounders, there remains
the possibility of residual confounding as well as unmeasured confounders. For example, the database does not
capture data relating to time of symptom onset or the treatments administered to patients prior to the index
COVID-19 hospitalization. In addition, data on vaccination status of the patients were also not available. However,
given that we are examining a group of high-risk patients already hospitalized for COVID-19, we do not believe
that vaccination is a key aspect for this cohort of hospitalized patients. Second, the absence of billing charges for
supplemental oxygen was used to identify the NSOc cohort. Since some hospitals include supplemental oxygen
charges within room charges rather than reporting supplemental oxygen charges separately, there is a risk that
some patients who received supplemental oxygen could be misclassified as NSOc patients. To minimize the risk
of misclassifying the maximum supplemental requirement of the index COVID-19 hospitalizations, those patients
who were admitted to hospitals that did not report any LFO charges were excluded. This methodology has been
validated previously as successfully identifying a group of patients at lower risk of mortality that patients on
LFO [9,11,12]. Last, since the infecting variant of COVID-19 was not available in the dataset, calendar months were
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grouped according to predominant circulating variants of concern to form a proxy for actual variants of concern.
The study period covers the period pre-BA.4/5 and as such future studies can build on these findings for variant
time periods after this timeframe.

Conclusion
Hospital readmission is a key marker of quality of care and increases the burden on patients and hospitals. Freedom
from rehospitalization is a cardinal marker of recovery of quality-of-life. The clinical benefits of remdesivir have
been widely demonstrated in clinical trials and observational studies; and also adopted by clinical guidelines for the
treatment of COVID-19. The findings from this study further builds on this evidence by indicating that remdesivir
is associated with a reduced likelihood of COVID-19-related readmission and all-cause readmission.

Summary points

• Hospital readmissions impose considerable clinical and economic burden on both patients and the healthcare
system.

• This observational study examined 30-day readmission to the same hospital among patients hospitalized for
COVID-19 between May 2020 and April 2022 and discharged alive.

• The study cohort included 440,601 patients, of which 56.5% received remdesivir during the index COVID-19
hospitalization.

• The 30-day COVID-19-related readmission rate was lower for remdesivir patients compared with non-remdesivir
patients (3.0% vs 5.4%).

• The 30-day all-cause readmission rate was lower for remdesivir patients compared with non-remdesivir patients
(6.3% vs 9.1%).

• After adjusting for demographics and clinical characteristics, remdesivir-treatment was associated with a 40%
lower likelihood of 30-day COVID-related readmission and a 27% lower likelihood of 30-day all-cause
readmission as compared with non-remdesivir patients.

• Initiation of remdesivir in patients hospitalized for COVID-19 was associated with statistically significant
reductions in the likelihood of readmission, highlighting the potential benefit of remdesivir in reducing the
burden on the healthcare system.
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13. Amstutz A, Speich B, Mentré F et al. Effects of remdesivir in hospitalized patients with COVID-19: systematic review and individual
patient data meta-analysis of randomized clinical trials. Lancet Respir. Med. 11(5), 453–464 (2023).

14. Breskin A, Wiener C, Adimora AA et al. Effectiveness of remdesivir treatment protocols among patients hospitalized with COVID-19: a
target trial emulation. Epidemiology 34(3), 365–375 (2023).

15. Huang CW, Park JS, Song H et al. Disease-specific factors associated with readmissions or mortality after hospital discharge in
COVID-19 patients: a retrospective cohort study. J. Gen. Intern. Med. 37(15), 3973–3978 (2022).

16. Caffrey AR, Liao JX, Lopes VV, LaPlante KL, Appaneal HJ. Real-world safety and effectiveness of remdesivir and corticosteroids in
hospitalized patients with COVID-19. COVID 3(2), 198–217 (2023).

17. Wiley Z, Kulshreshtha A, Li D et al. Clinical characteristics and social determinants of health associated with 30-day hospital
readmissions of patients with COVID-19. J. Investig. Med. 70(6), 1406–1415 (2022).

10.57264/cer-2023-0131 J. Comp. Eff. Res. (2024) e230131

https://www.premierinc.com/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://www.cdc.gov/flu/weekly/index.htm#NCHSMortality
https://www.cdc.gov/nchs/covid19/pulse/long-covid.htm


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 400
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 400
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'PPG Indesign CS4_5_5.5'] [Based on 'PPG Indesign CS3 PDF Export'] Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks true
      /BleedOffset [
        8.503940
        8.503940
        8.503940
        8.503940
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions false
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 600
        /LineArtTextResolution 2400
        /PresetName (Pureprint flattener)
        /PresetSelector /UseName
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.835590
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




