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Abstract

The objective of this retrospective cohort study was to describe pre-treatment characteris-
tics, treatment patterns, health resource use, and clinical outcomes among adults hospital-
ized with COVID-19 in the United States (US) who initiated common treatments for COVID-
19. The Optum® COVID-19 electronic health records database was used to identify patients
>18 years, diagnosed with COVID-19, who were admitted to an inpatient setting and
received treatments of interest for COVID-19 between September 2020 and January 2021.
Patients were stratified into cohorts based on index treatment use. Patient demographics,
medical history, care setting, medical procedures, subsequent treatment use, patient dispo-
sition, clinical improvement, and outcomes were summarized descriptively. Among a total of
26,192 patients identified, the most prevalent treatments initiated were dexamethasone
(35.4%) and dexamethasone + remdesivir (14.9%), and dexamethasone was the most com-
mon subsequent treatment. At day 14 post-index, <10% of patients received any treatments
of interest. Mean (standard deviation [SD]) patient age was 65.6 (15.6) years, and the most
prevalent comorbidities included hypertension (44.8%), obesity (35.4%), and diabetes
(25.7%). At the end of follow-up, patients had a mean (SD) 8.1 (6.6) inpatient days and 1.4
(4.1) days with ICU care. Oxygen supplementation, non-invasive, or invasive ventilation
was required by 4.5%, 3.0%, and 3.1% of patients, respectively. At the end of follow-up,
84.2% of patients had evidence of clinical improvement, 3.1% remained hospitalized, 83.8%
were discharged, 4% died in hospital, and 9.1% died after discharge. Although the majority
of patients were discharged alive, no treatments appeared to alleviate the inpatient morbid-
ity and mortality associated with COVID-19. This highlights an unmet need for effective
treatment options for patients hospitalized with COVID-19.
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Introduction

COVID-19 (coronavirus disease 2019), a disease caused by the novel coronavirus severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), remains a significant global concern. As
of August 30, 2021, the number of reported cases of COVID-19 in the United States (US) sur-
passed 37 million, with 634,157 deaths associated with the disease [1].

The majority of people infected with SARS-CoV-2 have mild symptoms [2], but an esti-
mated 20% to 30% experience a severe illness that requires hospitalization [2, 3]. COVID-19
hospitalizations are associated with substantial patient morbidity and mortality and consider-
able healthcare resource use and costs. A comparative evaluation of the clinical manifestations
and risk of death in patients admitted to hospital with COVID-19 or seasonal influenza in the
US between February 1, 2020 and June 17, 2020 showed a higher risk of extrapulmonary organ
dysfunction, death, and increased healthcare resource use, including intensive care unit (ICU)
admission and invasive mechanical ventilation (IMV), among patients hospitalized with
COVID-19 [4].

The management and treatment of patients hospitalized with COVID-19 have required
healthcare providers to navigate unexplored territory [5]. Several pharmacological treatments
have been re-purposed in the inpatient setting throughout the pandemic based on rapidly
evolving clinical and real-world evidence, regulatory decisions, federal guidelines, and practice
patterns [6, 7]. Randomized controlled trials have generated data on the efficacy of remdesivir
for patients hospitalized with COVID-19 [8-10]. In May 2020, remdesivir was granted Emer-
gency Use Authorization (EUA) for the treatment of patients hospitalized with severe
COVID-19 [11], and in October 2020, remdesivir was the first, and remains the only, Food
and Drug Administration (FDA)-approved treatment for COVID-19 requiring hospitalization
[12]. The use of dexamethasone for hospitalized patients emerged in June 2020 based on evi-
dence from the RECOVERY trial [13]. Other therapeutics, including azithromycin [14] and
tocilizumab [15-17], are being used as off-label treatments for COVID-19 in the inpatient set-
ting based on preliminary efficacy data from clinical trials or effectiveness data from real-
world observational studies.

Current clinical management of COVID-19 consists of supportive care, including supple-
mental oxygen and mechanical ventilation when indicated [18]. Since its EUA, remdesivir has
been recommended by the National Institute of Health (NIH) COVID-19 treatment guidelines
for the treatment of COVID-19 in hospitalized patients with severe disease, requiring supple-
mental oxygen, mechanical ventilation, or extracorporeal membrane oxygenation (ECMO). A
combination of dexamethasone and remdesivir, although not studied in clinical trials, is rec-
ommended for patients who require increasing amounts of supplemental oxygen, and those
requiring non-invasive ventilation [18]. Dexamethasone may be used alone when combination
therapy with remdesivir cannot be used or is unavailable, and is recommended for patients
who require supplemental oxygen or mechanical ventilation, as well as for patients receiving
IMV or ECMO. Tocilizumab may be added to the treatment regimen for patients with rapidly
increasing oxygen needs in the presence of systemic inflammation and receiving non-invasive
or invasive ventilation. Although guidelines for patients hospitalized with COVID-19 are
being updated to provide optimal treatment recommendations [18], significant questions
about best treatment practices remain.

Evidence-based clinical data on COVID-19 pharmacotherapies are scarce, and it remains
unclear what determines the use of specific treatments in patients hospitalized with COVID-
19. In a cohort of 2,821 US patients hospitalized with COVID-19 between March 1, 2020 and
May 24, 2020, pharmacological treatment was largely driven by disease severity. Over the
study period, use of COVID-19 specific medications and other supportive medications
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decreased, while use of remdesivir and therapeutic anticoagulants increased; however, patient
outcomes were not reported [7]. Awareness of the demographics, clinical characteristics, treat-
ment patterns, and outcomes of patients hospitalized with COVID-19 is required to inform
evolving standards of care.

The objective of this study was to describe the pre-treatment characteristics, real-world
treatment patterns, and clinical and health resource use outcomes among adult patients diag-
nosed with COVID-19 in the US who initiated commonly used treatment regimens for
COVID-19 in the inpatient setting between September 2020 and January 2021. The data
period was selected based on the following considerations: 1) improved use of International
Classification of Diseases, 10th Revision, Clinical Modification (ICD-10-CM) diagnosis codes
to identify confirmed COVID-19 cases; and 2) treatments used in the inpatient setting were
reflective of recent practice guidelines following the release of the revoked EUA of hydroxy-
chloroquine [19], expanded EUA of remdesivir [20], and EUA of convalescent plasma [21].
The findings of this large nationwide study spanning a recent period of the COVID-19 pan-
demic will advance our understanding of the drivers of treatment among patients hospitalized
with COVID-19 in the US and serve as a basis for ongoing and future prospective studies.

Methods

This retrospective cohort study examined patient characteristics, treatment patterns, and clini-
cal outcomes among hospitalized adult patients diagnosed with COVID-19 who received treat-
ments of interest for COVID-19 on or after September 1, 2020 (Fig 1).

Data source

This study used data extracted from the de-identified Optum™ COVID-19 electronic health
records (EHR) database [22]. The data are certified as de-identified by an independent statisti-
cal expert following HIPAA statistical de-identification rules and managed according to
Optum® customer data use agreements [23, 24]. The COVID-19 EHR database includes
patients in the Optum™ EHR database who have 1) a documented diagnosis of COVID-19 or
acute respiratory illness after February 1, 2020 according to the following codes: U07.1, B97.29
and J12.89 or J20.8, or J40, or J22, or J98.8, or J80; and/or 2) documented COVID-19 antigen
or nucleic acid amplification testing (positive or negative result). The database incorporates

Index treatment date

« Treatment initiation

« From Sept. 1,2020

* Atleast 10 weeks duration between index

Inpatient admission treatment date and data cut-off Data cut-off
* Within 28 days of * April 1,2021
diagnosis
COVID-19
diagnosis
-
S
>
Baseline period Follow-up |
* 6 months prior period

to the index date « 28 days post-

index date

Fig 1. Study design. COVID-19, coronavirus disease 2019. Note: The duration between index treatment date and data cut-off date was at
least 10 weeks to allow for full reporting of the deaths that occurred among the patients during the 28 days of follow-up.

https://doi.org/10.1371/journal.pone.0261707.9001
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raw clinical data from inpatient and ambulatory electronic medical records (EMRs), practice
management systems, and other internal systems.

Study population

Adult patients hospitalized with a COVID-19 diagnosis who received treatments of interest for
COVID-19 were included in this study. The COVID-19 diagnosis date was defined as the first
occurrence of any of the following events: 1) a positive SARS-CoV-2 viral RNA test; 2) a posi-
tive antigen test for SARS-CoV-2; or 3) ICD-10-CM diagnosis code of U07.1. Additional sam-
ple selection criteria were: 1) >18 years of age; 2) admission to an inpatient facility 0 to 28 days
(inclusive) after the COVID-19 diagnosis date; 3) treatment with any of the 12 treatments of
interest; and 4) index treatment date on or after September 1, 2020 and at least 10 weeks prior
to the data cut-off (April 1, 2021) to allow a follow-up duration of 28 days (up to February,
2021) and an additional 6 weeks for full reporting of mortality. Exclusion criteria were: 1)
missing age or gender; 2) labor or delivery codes during the index admission (S1 Table); or 3)
trauma, injury, fracture, or poisoning diagnosis codes (presence of >1 ICD-10-CM code:
S00-S99, T07-T73) on the day of or on the next day after the index admission date.

Treatments of interest for COVID-19 comprised the 12 most frequently used treatments
and combination regimens, including dexamethasone, dexamethasone + remdesivir, azithro-
mycin + dexamethasone, azithromycin, remdesivir, azithromycin + dexamethasone + remdesi-
vir, azithromycin + remdesivir, convalescent plasma + dexamethasone + remdesivir,
convalescent plasma alone, hydroxychloroquine, azithromycin + hydroxychloroquine, and
tocilizumab (Fig 2). Combination therapy was defined as receipt of >2 treatments of interest
on the same day.

Index admission was defined as the first inpatient admission after a COVID-19 diagnosis
documented in the EHR. Index treatment was defined as the earliest treatment of interest for
COVID-19 received during the index admission, with the date of treatment initiation serving
as the index treatment date. Post-index treatment was defined as any treatment of interest for
COVID-19, or any combination thereof, received after the index treatment during the 28-day
follow-up period. The baseline period was defined as the 6 months prior to the index treatment
date. The follow-up period was defined as the 28 days following the index treatment date. The
duration between index treatment date and data cut-off date (April 1, 2021) was at least 10
weeks to allow for full follow-up in death reporting accounting for a potential lag in report of
mortality that occurred among the patients during the 28 days of follow-up.

Study measures

Patient pre-treatment characteristics (age, sex, race, geographic region, body mass index
[BMI]), care setting (e.g. ICU), and medical procedures and supportive care (oxygen supple-
mentation, non-invasive ventilation, invasive ventilation, ECMO, vasopressor use) were
recorded at index admission or on the index treatment date. Medical history (cardiac disease,
respiratory disease, obesity, diabetes mellitus, kidney disease, venous thromboembolism)
based on ICD-10-CM diagnosis and procedure codes were assessed during the baseline period
(S2 Table).

Index and post-index treatment use were identified based on National Drug Code or proce-
dure codes for drug administration when applicable. Index treatment was recorded at the
index treatment date. Post-index treatment was recorded on Days 7, 14, 21, and 28.

Patient clinical status was assessed using a 4-point ordinal scale (0: discharged alive from
the index admission; 1: hospitalized without oxygen/ventilation use; 2: hospitalized with
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All patients in Optum EHR at April 1,2021 data cut-off, N=4,478,451

I

Patients with positive COVID-19 test or positive viral RNA or antigen test, n=692,440

l

Patients alive on February 1, 2020, n=691,951

|

Patients hospitalized O to 28 days (inclusive) after COVID-19 primary diagnosis date,
n=88,698

I

Patients whose index admission did not include labor and delivery codes, n=84,724

|

Patients whose index admission did not include trauma diagnosis codes on day of or the
next day after admission, n=73,524

l

Patients whose index admission did not include trauma diagnosis codes on day of or the
next day after admission, n=73,473

I

Patients with treatment of interest on index admission, n=50,712

!

Patients with any of 12 treatments of interest on index admission, n=49,110

|

Patients with duration of follow up >10 weeks, n=43,396

I

Patients alive before index hospitalization discharge date, n=43,381

I

Patients >18 years old, n=43,172

!

Patients with index treatment date on or after September 1, 2020, n=26,192

l

Index treatment

Dexamethasone, n=9,269
Dexamethasone+Remdesivir, n=3,891
Azithromycin+Dexamethasone, n=3,405
Azithromycin, n=3,373
Remdesivir, n=3,002
Azithromycin+Dexamethasone+Remdesivir, n=1,747
Azithromycin+Remdesivir, n=615
Convalescent plasma +Dexamethasone+Remdesivir, n=552
Convalescent plasma, n=215
Hydroxychloroquine, n=88
Azithromycin+Hydroxychloroquine, n=25

Tocilizumab, n=10
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Fig 2. Sample selection. The first inpatient admission after COVID-19 diagnosis was defined as the index admission.
Index treatment was defined as the earliest regimen of interest received during the index admission, with the date of
initiation serving as the index treatment date.

https://doi.org/10.1371/journal.pone.0261707.9002

oxygen/ventilation use; and 3: recorded death including post-discharge death). Patient clinical
status was recorded on the index treatment date and at Days 7, 14, 21, and 28 post-index.

Patient disposition (in hospital, discharged alive, death during index admission, and death
after discharge from index admission), clinical improvement (defined as improvement of >1
point in clinical status from the index treatment date), and clinical outcomes (cumulative inpa-
tient days, cumulative days of ICU care, and cumulative days with mechanical ventilation or
ECMO) were recorded during the follow-up period. The occurrence of death or organ failure
(defined as occurrence of heart failure, pulmonary system failure, renal failure, or hepatic fail-
ure) was assessed as a binary indicator of presence/absence at index admission and during the
follow-up period.

Data analysis

Descriptive analyses were performed for the overall population and each cohort stratified by
index treatment. Patient demographic and clinical characteristics, patient disposition, clinical
improvement, and clinical outcomes were summarized descriptively. Post-index treatment
patterns and patient clinical status were summarized and depicted using Sankey diagrams.
Maps depicting geographic distribution of index treatments were generated using US Census
regions and divisions of the US. Results are descriptive, and all comparisons are qualitative in
nature.

Results
Pre-treatment patient characteristics

A total of 26,192 patients met the eligibility criteria for this study (Fig 2). The descriptive anal-
ysis showed 9,269 (35.4%) patients received dexamethasone as the index treatment, 3,891
(14.9%) patients received dexamethasone + remdesivir, 3,405 (13.0%) patients received azi-
thromycin + dexamethasone, 3,373 (12.9%) patients received azithromycin, 3,002 (11.5%)
patients received remdesivir, and 1,747 (6.7%) patients received azithromycin + dexametha-
sone + remdesivir. The remaining treatment cohorts each included <5% of all patients.
Among these, 615 (2.3%) patients received azithromycin + remdesivir, 552 (2.1%) patients
received convalescent plasma + dexamethasone + remdesivir, 215 (0.8%) patients received
convalescent plasma, 88 (0.3%) patients received hydroxychloroquine, 25 (0.1%) patients
received azithromycin + hydroxychloroquine, and 10 (<0.1%) patients received tocilizumab.
Index treatment use over time from September 2020 to January 2021 (inclusive) is summarized
for each treatment of interest in S1 Fig. Treatment patterns were generally reflective of practice
guidelines during the study period (after September 2020) [18].

In the overall population, mean (standard deviation [SD]) time between index admission
and index treatment date was 0.6 (1.7) days. Mean time between index admission and index
treatment date across treatment cohorts was similar to or shorter than the overall population,
with the exception of the remdesivir (1.0 [1.6] days post-admission), convalescent plasma (1.5
[3.2] days post-admission), and tocilizumab (3.8 [2.8] days post-admission) cohorts.

Patient demographics and medical history are summarized in Table 1. In the overall popu-
lation, mean (SD) patient age was 65.6 (15.6) years, which was similar across treatment
cohorts. Exceptions included the azithromycin + remdesivir (mean [SD] 64.2 [15.8] years),
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Table 1. Pre-treatment patient characteristics.

Overall Dexamethasone | Dexamethasone Azithromycin Azithromycin | Remdesivir Azithromycin
(N =26,192) (N =9,269) +Remdesivir +Dexamethasone (N =3,373) (N =3,002) +Dexamethasone
(N =3,891) (N =3,405) +Remdesivir
(N =1,747)
Age at index treatment
date (years)
Mean (SD) 65.6 (15.6) 65.2 (16.0) 66.0 (15.1) 66.5 (15.3) 64.7 (16.6) 66.9 (14.5) 65.6 (14.8)
18-64, n (%) 11,348 (43.3) 4,105 (44.3) 1,702 (43.7) 1,402 (41.2) 1,516 (44.9) | 1,204 (40.1) 774 (44.3)
>65, n (%) 14,844 (56.7) 5,164 (55.7) 2,189 (56.3) 2,003 (58.8) 1,857 (55.1) 1,798 (59.9) 973 (55.7)
Male, n (%) 14,044 (53.6) 4,751 (51.3) 2,141 (55.0) 1,917 (56.3) 1,773 (52.6) 1,624 (54.1) 1,035 (59.2)
Race, n (%)
White 18,657 (71.2) 6,917 (74.6) 2,920 (75.0) 2,566 (75.4) 1,900 (56.3) 2,007 (66.9) 1,358 (77.7)
Black 3,381 (12.9) 1,007 (10.9) 325 (8.4) 377 (11.1) 713 (21.1) 562 (18.7) 151 (8.6)
Asian 531 (2.0) 176 (1.9) 86 (2.2) 57 (1.7) 81 (2.4) 54 (1.8) 35 (2.0)
Other/Unknown 3,623 (13.8) 1,169 (12.6) 560 (14.4) 405 (11.9) 679 (20.1) 379 (12.6) 203 (11.6)
Geographic region, n (%)
East North Central 6,282 (24.0) 2,320 (25.0) 725 (18.6) 739 (21.7) 845 (25.1) 963 (32.1) 308 (17.6)
South Atlantic/ 4,793 (18.3) 1,726 (18.6) 745 (19.1) 653 (19.2) 248 (7.4) 859 (28.6) 328 (18.8)
West South Central
West North Central 4,699 (17.9) 1,850 (20.0) 785 (20.2) 697 (20.5) 450 (13.3) 114 (3.8) 433 (24.8)
Middle Atlantic 3,808 (14.5) 1,004 (10.8) 586 (15.1) 319 (9.4) 1,244 (36.9) 162 (5.4) 165 (9.4)
East South Central 2,395 (9.1) 729 (7.9) 170 (4.4) 453 (13.3) 152 (4.5) 633 (21.1) 195 (11.2)
Mountain 1,759 (6.7) 810 (8.7) 223 (5.7) 344 (10.1) 161 (4.8) 45 (1.5) 134 (7.7)
New England 1,322 (5.0) 464 (5.0) 472 (12.1) 78 (2.3) 116 (3.4) 65 (2.2) 105 (6.0)
Pacific 412 (1.6) 106 (1.1) 75 (1.9) 33 (1.0) 77 (2.3) 76 (2.5) 18 (1.0)
Other/Unknown 722 (2.8) 260 (2.8) 110 (2.8) 89 (2.6) 80 (2.4) 85 (2.8) 61 (3.5)
BMI category, n (%)
Underweight 313 (1.2) 109 (1.2) 33 (0.8) 40 (1.2) 62 (1.8) 35(1.2) 15 (0.9)
Healthy weight 2,748 (10.5) 1,086 (11.7) 360 (9.3) 309 (9.1) 369 (10.9) 344 (11.5) 122 (7.0)
Overweight 4,524 (17.3) 1,716 (18.5) 645 (16.6) 515 (15.1) 568 (16.8) 575 (19.2) 264 (15.1)
Obese 3,982 (15.2) 1,391 (15.0) 601 (15.4) 482 (14.2) 484 (14.3) 520 (17.3) 236 (13.5)
Morbidly obese 5,296 (20.2) 1,919 (20.7) 773 (19.9) 646 (19.0) 539 (16.0) 710 (23.7) 364 (20.8)
Unknown 9,329 (35.6) 3,048 (32.9) 1,479 (38.0) 1,413 (41.5) 1,351 (40.1) 818 (27.2) 746 (42.7)
Medical history, n (%)
Cardiac disease
Hypertension 11,740 (44.8) 4,325 (46.7) 1,806 (46.4) 1,409 (41.4) 1,356 (40.2) 1,460 (48.6) 695 (39.8)
Arrhythmia 4,309 (16.5) 1,662 (17.9) 697 (17.9) 461 (13.5) 482 (14.3) 548 (18.3) 232(13.3)
Coronary artery disease | 3,762 (14.4) 1,384 (14.9) 556 (14.3) 453 (13.3) 438 (13.0) 513 (17.1) 202 (11.6)
Heart failure 3,121 (11.9) 1,160 (12.5) 471 (12.1) 354 (10.4) 366 (10.9) 414 (13.8) 155 (8.9)
Stroke or TTIA 2,033 (7.8) 822 (8.9) 283 (7.3) 212 (6.2) 247 (7.3) 265 (8.8) 90 (5.2)
Respiratory disease
ARDS/ 3,637 (13.9) 1,225 (13.2) 704 (18.1) 301 (8.8) 252 (7.5) 695 (23.2) 217 (12.4)
respiratory failure
COPD 3,142 (12.0) 1,071 (11.6) 454 (11.7) 411 (12.1) 379 (11.2) 407 (13.6) 214 (12.2)
Asthma 1,825 (7.0) 708 (7.6) 265 (6.8) 219 (6.4) 214 (6.3) 193 (6.4) 110 (6.3)
Diabetes mellitus 6,729 (25.7) 2,387 (25.8) 1,030 (26.5) 808 (23.7) 768 (22.8) 922 (30.7) 392 (22.4)
Obesity (BMI > 30kg/m2) 9,278 (35.4) 3,310 (35.7) 1,374 (35.3) 1,128 (33.1) 1,023 (30.3) 1,230 (41.0) 600 (34.3)
Kidney disease
Chronic kidney disease | 3,904 (14.9) 1,509 (16.3) 539 (13.9) 473 (13.9) 494 (14.6) 422 (14.1) 203 (11.6)
Acute renal failure 3,396 (13.0) 1,378 (14.9) 471 (12.1) 334 (9.8) 387 (11.5) 483 (16.1) 143 (8.2)
VTE 836 (3.2) 295 (3.2) 126 (3.2) 82 (2.4) 113 (3.4) 122 (4.1) 45 (2.6)
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Azithromycin Convalescent Plasma Convalescent Hydroxychloroquine Azithromycin
+Remdesivir +Dexamethasone Plasma (N =215) (N =88) +Hydroxychloroquine
(N =615) +Remdesivir (N = 552) (N =25)
Age at index treatment
date (years)
Mean (SD) 64.2 (15.8) 66.2 (14.1) 68.3 (15.1) 61.9 (16.4) 60.8 (16.1)
18-64, n (%) 284 (46.2) 229 (41.5) 72 (33.5) 42 (47.7) 14 (56.0)
>65, n (%) 331 (53.8) 323 (58.5) 143 (66.5) 46 (52.3) 11 (44.0)
Male, n (%) 351 (57.1) 305 (55.3) 120 (55.8) 14 (15.9) 8 (32.0)
Race, n (%)
White 307 (49.9) 436 (79.0) 164 (76.3) 61 (69.3) 13 (52.0)
Black 155 (25.2) 41 (7.4) 32 (14.9) 12 (13.6) 5(20.0)
Asian 16 (2.6) 17 (3.1) 2(0.9) 5(5.7) 2 (8.0)
Other/Unknown 137 (22.3) 58 (10.5) 17 (7.9) 10(11.4) 5(20.0)
Geographic region, n (%)
East North Central 167 (27.2) 63 (11.4) 112 (52.1) 27 (30.7) 6 (24.0)
South Atlantic/ 22 (3.6) 167 (30.3) 26 (12.1) 11 (12.5) 6 (24.0)
West South Central
West North Central 85(13.8) 220 (39.9) 44 (20.5) 14 (15.9) 7 (28.0)
Middle Atlantic 280 (45.5) 27 (4.9) 1(0.5) 15(17.0) 5(20.0)
East South Central 6 (1.0) 31 (5.6) 22(10.2) 4 (4.5) 0
Mountain 7 (1.1) 24 (4.3) 4(1.9) 7 (8.0) 0
New England 11 (1.8) 4(0.7) 0 6 (6.8) 1 (4.0)
Pacific 20 (3.3) 3(0.5) 1(0.5) 3(3.4) 0
Other/Unknown 17 (2.8) 13 (2.4) 5(2.3) 1(1.1) 0
BMI category, n (%)
Underweight 7 (1.1) 8(1.4) 3(1.4) 1(1.1) 0
Healthy weight 63 (10.2) 42 (7.6) 32 (14.9) 17 (19.3) 3(12.0)
Overweight 107 (17.4) 75 (13.6) 41 (19.1) 11 (12.5) 5(20.0)
Obese 119 (19.3) 88 (15.9) 39 (18.1) 14 (15.9) 5(20.0)
Morbidly obese 136 (22.1) 140 (25.4) 42 (19.5) 19 (21.6) 7 (28.0)
Unknown 183 (29.8) 199 (36.1) 58 (27.0) 26 (29.5) 5(20.0)
Medical history, n (%)
Cardiac disease
Hypertension 253 (41.1) 256 (46.4) 131 (60.9) 34 (38.6) 11 (44.0)
Arrhythmia 78 (12.7) 87 (15.8) 43 (20.0) 13 (14.8) 4 (16.0)
Coronary artery disease 82 (13.3) 75 (13.6) 44 (20.5) 10 (11.4) 3(12.0)
Heart failure 73 (11.9) 65 (11.8) 44 (20.5) 15 (17.0) 4 (16.0)
Stroke or TTA 56 (9.1) 28 (5.1) 21 (9.8) 6(6.8) 2(8.0)
Respiratory disease
ARDS/respiratory failure 55(8.9) 100 (18.1) 75 (34.9) 7 (8.0) 0
COPD 78 (12.7) 70 (12.7) 43 (20.0) 13 (14.8) 2 (8.0)
Asthma 42 (6.8) 40 (7.2) 21(9.8) 10 (11.4) 1(4.0)
Diabetes mellitus 166 (27.0) 148 (26.8) 75 (34.9) 20 (22.7) 10 (40.0)
Obesity (BMI > 30kg/m2) 255 (41.5) 228 (41.3) 81 (37.7) 33 (37.5) 12 (48.0)
Kidney disease
Chronic kidney disease 91 (14.8) 91 (16.5) 61 (28.4) 15 (17.0) 4(16.0)
Acute renal failure 63 (10.2) 50 (9.1) 67 (31.2) 16 (18.2) 3(12.0)
VTE 19 (3.1) 15 (2.7) 12 (5.6) 4(4.5) 1(4.0)

ARDS: acute respiratory distress syndrome; BMI: body mass index; COPD: chronic obstructive pulmonary disease; SD: standard deviation; TIA: transient ischemic

attack; VTE: venous thromboembolism.

Data for the tocilizumab cohort are not presented due to small sample size.

https://doi.org/10.1371/journal.pone.0261707.t001
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hydroxychloroquine (61.9 [16.4] years), and azithromycin + hydroxychloroquine (60.8 [16.1]
years) cohorts. In the overall population, more than half of the patients were male (53.6%).
The sex distribution within treatment cohorts was similar to that of the overall population,
with the exception of patients in the hydroxychloroquine, and azithromycin + hydroxychloro-
quine cohorts, where there were a smaller proportion of males (15.9% and 32.0%,
respectively).

In the overall population, 71.2% of patients were White, 12.9% were Black, and 2.0% were
Asian. Racial distribution across treatment cohorts was similar to the overall population.
Exceptions included the azithromycin, azithromycin + remdesivir, and azithromycin + hydro-
xychloroquine cohorts, where a smaller proportion of patients were White (56.3%, 49.9%, and
52.0%, respectively) and a higher proportion of patients were Black (21.1%, 25.2%, and 20.0%,
respectively). In the tocilizumab cohort, 80.0% of patients were White and 10.0% of patients
were Black. In the overall population, most patients resided in the East North Central (24.0%),
South Atlantic/West South Central (18.3%), West North Central (17.9%), and Middle Atlantic
(14.5%) regions. Geographic distribution was similar across some treatment cohorts; however,
regional differences in index treatment use were observed (Fig 3).

In the overall population, 44.8% of patients had hypertension, 35.4% of patients were obese
or morbidly obese based on BMI (BMI data were missing for 35.6% of patients), and 25.7% of
patients had diabetes mellitus. Other comorbidities prevalent in the overall population were
arrhythmia (16.5%), chronic kidney disease (14.9%), coronary artery disease (14.4%), acute
respiratory distress syndrome (ARDS)/respiratory failure (13.9%), acute renal failure (13.0%),
chronic obstructive pulmonary disease (COPD) (12.0%), and heart failure (11.9%). Patient
medical history profiles were similar across some treatment cohorts; however, comorbidity
profiles for certain cohorts were more severe. Compared to the overall population, a higher
percentage of patients in the remdesivir cohort had ARDS/respiratory failure (23.2%); a higher
percentage of patients in the convalescent plasma cohort had hypertension (60.9%), arrhyth-
mia (20.0%), coronary artery disease (20.5%), heart failure (20.5%), ARDS/respiratory failure
(34.9%), COPD (20.0%), chronic kidney disease (28.4%), and acute renal failure (31.2%); and a
higher percentage of patients in the tocilizumab cohort had arrhythmia (20.0%), coronary
artery disease (20.0%), ARDS/respiratory failure (60.0%), asthma (20.0%), and venous throm-
boembolism (20.0% vs. 3.2% overall).

Post-index treatment and patient outcomes

Treatment and patient disposition at days 7, 14, 21, and 28 post-index are shown in Fig 4. At
day 7 post-index, dexamethasone was the most prevalent treatment in the overall population
(20.2%) and across treatment cohorts, with the exception of the hydroxychloroquine, and azi-
thromycin + hydroxychloroquine cohorts, where hydroxychloroquine was most often admin-
istered (17.0% and 12.0%, respectively). At day 14 post-index, across all cohorts, fewer than
10% of patients received any treatments of interest, with the majority of patients discharged.

Post-index treatment switching in the overall population, regardless of the time of switch,
for up to 4 treatments including index treatment, is shown in S2 Fig. Dexamethasone was the
most common second (17.8%), third (15.3%) and fourth (8.4%) treatment, followed by dexa-
methasone + remdesivir (second treatment 16.9%, third treatment 8.2%).

Patient disposition and resource use

Medical resource use at the index treatment date and patient disposition at the end of follow-
up are summarized in Table 2. In the overall population, at day 28 post-index, patients had
mean (SD) 8.1 (6.6) cumulative inpatient days, which was similar across treatment cohorts. At
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Fig 3. Geographical distribution of index treatment use. a) Dexamethasone (n = 9,269), b) Dexamethasone + remdesivir (n = 3,891), ¢) Azithromycin

+ dexamethasone (n = 3,405), d) Azithromycin (n = 3,373), e) Remdesivir (n = 3,002), f) Azithromycin + dexamethasone + remdesivir (n = 1,747), G) Azithromycin
+ remdesivir (n = 615), h) Convalescent plasma + dexamethasone + remdesivir (n = 552), i) Convalescent plasma (n = 215), j) Hydroxychloroquine (n = 88), k)
Azithromycin + hydroxychloroquine (n = 25). * Includes Alaska and Hawaii. Data for the tocilizumab cohort are not presented due to small sample size.

https://doi.org/10.1371/journal.pone.0261707.9003

the index treatment date, 8.3% of patients were in ICU care, which was similar across treat-
ment cohorts. Exceptions included the convalescent plasma (15.3%), azithromycin + dexa-
methasone + remdesivir (13.9%), and convalescent plasma + dexamethasone + remdesivir
(13.0%) cohorts. At day 28 post-index, mean (SD) cumulative days with ICU care was 1.4 (4.1)
for patients in the overall population, which was similar across treatment cohorts. Exceptions
included the azithromycin + dexamethasone + remdesivir and tocilizumab cohorts, where
patients had a mean (SD) 2.4 and 3.7 (9.0) cumulative days in ICU care, respectively.
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Fig 4. Post-index treatment use. a) Overall, b) Dexamethasone, c) Dexamethasone + Remdesivir, d) Azithromycin + Dexamethasone, e)
Azithromycin, f) Remdesivir, g) Azithromycin + Dexamethasone + Remdesivir, h) Azithromycin + Remdesivir, i) Convalescent Plasma

+ Dexamethasone + Remdesivir, j) Convalescent Plasma, k) Hydroxychloroquine, 1) Azithromycin + Hydroxychloroquine. Azi,
azithromycin; Dex, dexamethasone; HCQ, hydroxychloroquine; N/A, not available; Rem, remdesivir. Other includes combinations of
treatments of interest not assessed in this study. Patient disposition data may not align with Table 2 as treatments are prioritized over
death: i.e, if a patient received treatment and died the same day, the patient was categorized under treatment. Data for tocilizumab are not
presented due to small sample size.

https://doi.org/10.1371/journal.pone.0261707.g004

In the overall population, oxygen supplementation at the index treatment date was required
by 4.5% of patients, and non-invasive or invasive ventilation was required by 3.0% and 3.1% of
patients, respectively. Use of ECMO (<0.1%) and vasopressor (0.6%) was low. Some differ-
ences in the distribution of these medical procedures were observed across treatment cohorts;
however, the proportions were small. At day 28 post-index, patients in the overall population
and across treatment cohorts had approximately 1 day of mechanical ventilation or ECMO,
with the exception of the tocilizumab cohort, where patients required mean (SD) 3.5 (8.7) days
of ventilation or ECMO.

At day 28 post-index, 3.1% of patients in the overall population remained in hospital, 83.8%
were discharged alive, 4.0% died in hospital, and 9.1% died after being discharged alive. The
distribution of these outcomes was similar across treatment cohorts, with the exception of the
tocilizumab cohort, where 10.0% of patients remained hospitalized, 50.0% were discharged
alive, 10.0% died in hospital, and 30.0% died after discharge.

Clinical status

Clinical status of patients at the index treatment date and days 7, 14, 21 and 28 post-index
assessed using the 4-point ordinal scale is shown in Fig 5. In the overall population, at the
index treatment date, 96.5% of patients remained hospitalized, 13.9% of patients were hospital-
ized with recorded evidence of supplemental oxygen, 3.5% of patients were discharged, and
<0.1% of patients died. The distribution of patient clinical status at the index treatment date
was similar across most treatment cohorts. Exceptions included the convalescent plasma

+ dexamethasone + remdesivir, azithromycin + dexamethasone + remdesivir, and conva-
lescent plasma cohorts, where 23.4%, 22.5%, and 20.5% of patients, respectively, had recorded
evidence of supplemental oxygen or ventilation.

At day 7 post-index, 65.6% of patients in the overall population were discharged alive,
31.4% of patients remained hospitalized (7.7% and 23.7% of patients were with and without
recorded evidence of supplemental oxygen, respectively), and 3.0% of patients had died. The
distribution of patient clinical status was similar across treatment cohorts, with the exception
of the convalescent plasma cohort, where 47.4% of patients were discharged alive, 48.8% of
patients remained hospitalized (10.2% and 38.6% of patients were with and without supple-
mental oxygen, respectively), and 3.7% of patients died.

At day 28 post-index, 84.2% of patients in the overall population had evidence of clinical
improvement. The distribution of clinical status at day 28 post-index was similar across treat-
ment cohorts, with the exception of the tocilizumab cohort, where 50.0% of patients were dis-
charged, 10.0% of patients remained hospitalized, 40.0% of patients died, and 50% of patients
achieved clinical improvement.

Discussion

This study described pre-treatment characteristics, real-world treatment patterns, and clinical
and health resource use outcomes among patients diagnosed with COVID-19 in the US who
initiated commonly used treatment regimens for COVID-19 in the inpatient setting between

PLOS ONE | https://doi.org/10.1371/journal.pone.0261707 December 28, 2021 12/22


https://doi.org/10.1371/journal.pone.0261707.g004
https://doi.org/10.1371/journal.pone.0261707

PLOS ONE

Real-world treatment patterns and clinical outcomes for inpatients with COVID-19 in the US: Sep 2020—Feb 2021

Table 2. Patient disposition and resource use.

Overall Dexamethasone | Dexamethasone Azithromycin Azithromycin Remdesivir (N = 3,002)
(N =26,192) (N =9,269) +Remdesivir +Dexamethasone (N =3,373)
(N =3,891) (N = 3,405)
Care setting and medical procedures on the
index treatment date, n (%)
ICU 2,185 (8.3) 720 (7.8) 360 (9.3) 352(10.3) 163 (4.8) 189 (6.3)
Oxygen supplementation 1,171 (4.5) 374 (4.0) 253 (6.5) 182 (5.3) 100 (3.0) 82(2.7)
Non-invasive ventilation 775 (3.0) 246 (2.7) 126 (3.2) 146 (4.3) 59 (1.7) 41 (1.4)
Invasive ventilation 825 (3.1) 303 (3.3) 145 (3.7) 134 (3.9) 52 (1.5) 45 (1.5)
ECMO 6(<0.1) 4(<0.1) 1(<0.1) 0 0 0
Vasopressor use 156 (0.6) 72 (0.8) 25 (0.6) 23(0.7) 12 (0.4) 6(0.2)
Patient disposition at the end of follow-up, n (%)
In hospital 803 (3.1) 237 (2.6) 122 (3.1) 123 (3.6) 81 (2.4) 110 (3.7)
Discharged alive 21,955 (83.8) 7,835 (84.5) 3,273 (84.1) 2,758 (81.0) 2,945 (87.3) 2,455 (81.8)
Death during index admission 1,045 (4.0) 399 (4.3) 174 (4.5) 157 (4.6) 107 (3.2) 75 (2.5)
Death after discharge from index admission 2,389 (9.1) 798 (8.6) 322(8.3) 367 (10.8) 240 (7.1) 362 (12.1)
Clinical outcomes at the end of the follow-up, mean
(SD)
Cumulative inpatient days during index admission 8.1 (6.6) 7.2 (6.4) 8.3 (6.4) 8.6 (6.9) 7.5 (6.3) 9.2 (6.7)
Cumulative days with ICU care during index 14 (4.1) 1.2 (3.7) 1.5 (4.3) 1.7 (4.4) 0.8 (3.0) 1.4 (4.3)
admission
Cumulative days with mechanical ventilation or ECMO 0.9(3.1) 0.8 (2.9) 1.0 (3.1) 1.2 (3.6) 0.6 (2.3) 0.6 (2.5)
during index admission
Azithromycin Azithromycin Convalescent Convalescent Hydroxychloroquine Azithromycin
+Dexamethasone +Remdesivir Plasma Plasma (N = 215) (N =88) +Hydroxychloroquine
+Remdesivir (N =615) +Dexamethasone (N =25)
(N =1,747) +Remdesivir
(N =552)
Care setting and medical procedures on the
index treatment date, n (%)
ICU 243 (13.9) 46 (7.5) 72 (13.0) 33(15.3) 5(5.7) 1(4.0)
Oxygen supplementation 122 (7.0) 21(3.4) 30 (5.4) 5(2.3) 2(2.3) 0
Non-invasive ventilation 92 (5.3) 15 (2.4) 40 (7.2) 10 (4.7) 0 0
Invasive ventilation 92 (5.3) 16 (2.6) 26 (4.7) 10 (4.7) 0 1(4.0)
ECMO 1(<0.1) 0 0 0 0 0
Vasopressor use 14 (0.8) 3(0.5) 1(0.2) 0 0 0
Patient disposition at the end of follow-up, n (%)
In hospital 78 (4.5) 23 (3.7) 18 (3.3) 6(2.8) 2(23) 2(8.0)
Discharged alive 1,417 (81.1) 549 (89.3) 453 (82.1) 168 (78.1) 76 (86.4) 21 (84.0)
Death during index admission 83 (4.8) 14 (2.3) 24 (4.3) 10 (4.7) 1(1.1) 0
Death after discharge from index admission 169 (9.7) 29 (4.7) 57 (10.3) 31(14.4) 9(10.2) 2 (8.0)
Clinical outcomes at the end of the follow-up, mean
(SD)
Cumulative inpatient days during index admission 9.6 (7.2) 8.7 (6.7) 9.1 (6.4) 10.1 (7.0) 7.4 (6.5) 9.0 (7.5)
Cumulative days of ICU care during index admission 2.4 (5.4) 1.4 (4.3) 1.7 (4.2) 1.8 (3.8) 0.8 (2.8) 1.1 (4.0)
Cumulative days of mechanical ventilation or ECMO 1.6 (4.2) 0.8 (3.0) 1.2(3.2) 1.3 (3.2) 0.5(2.7) 0.4 (1.6)

during index admission

ECMO, extracorporeal membrane oxygenation; ICU, intensive care unit; SD, standard deviation.

Patient disposition data may not align with Fig 3 as death is prioritized over other categories.

Data for the tocilizumab cohort are not presented due to small sample size.

https://doi.org/10.1371/journal.pone.0261707.t002

September 2020 and January 2021. Findings showed that half the patients included in this
study received dexamethasone or dexamethasone + remdesivir as the index treatment. The
remaining patients received azithromycin or remdesivir or combinations of dexamethasone,
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Fig 5. Post-index clinical status. a) Overall, b) Dexamethasone, c¢) Dexamethasone + Remdesivir, d) Azithromycin + Dexamethasone, e)
Azithromycin, f) Remdesivir, g) Azithromycin + Dexamethasone + Remdesivir, h) Azithromycin + Remdesivir, i) Convalescent Plasma
+ Dexamethasone + Remdesivir, j) Convalescent Plasma, k) Hydroxychloroquine, 1) Azithromycin + Hydroxychloroquine. Data for
tocilizumab are not presented due to small sample size.

https://doi.org/10.1371/journal.pone.0261707.9g005

azithromycin, and remdesivir. Convalescent plasma or tocilizumab or combinations of conva-
lescent plasma, hydroxychloroquine, or tocilizumab were used infrequently during this time
period.

The predominant use of dexamethasone and remdesivir in this study largely reflects current
NIH treatment guidelines for patients hospitalized with COVID-19. NIH guidelines recom-
mend the use of dexamethasone and remdesivir in hospitalized patients requiring supplemen-
tal oxygen; however, some included patients received these treatments regardless of their need
for oxygen therapy [18].

Treatment utilization in patients hospitalized with COVID-19 in the US has been reported
in previous studies conducted earlier in the pandemic. A cohort study of 3,546 patients hospi-
talized with COVID-19 in California between March 10 and December 31, 2020 showed dexa-
methasone daily usage increased from 1.4% of patients on March 31 to 67.5% of patients on
December 31, remdesivir daily usage increased from 4.9% of patients on June 1 to 62.5% of
patients on December 31, and azithromycin daily usage decreased from 45.5% of patients on
April 1 to 20.0% of patients on August 1. Tocilizumab daily usage remained low at <2.4%
across the study period [25]. A study of treatment patterns among 53,264 patients hospitalized
with COVID-19 between April 1 and July 31, 2020 using data from the Premier Healthcare
Database showed a decline in the use of hydroxychloroquine (19.6% to 0.5%), a substantial
increase in the use of dexamethasone (4.7% to 61.2%), and an increase in the use of remdesivir
(0.4% to 10.6%) across the study period. The change in use of convalescent plasma (1.6% to
2.3%) and tocilizumab (6.7% to 3.7%) was low [26]. In a study of 2,821 patients hospitalized
with COVID-19 between March 1 and May 24, 2020, EHR data from a Massachusetts-based
healthcare system showed the use of most COVID-19 medications, including hydroxychloro-
quine and azithromycin, decreased by nearly 90%. Use of tocilizumab fluctuated below 10%
during the study period and only the use of remdesivir increased significantly, likely as a result
of the broadened its EUA in May 2020 [7].

In the overall study population and across all treatment cohorts, a high proportion of
patients had comorbidities. Almost half of the patients had hypertension, a third of the patients
had obesity, and a quarter of the patients had diabetes. Patients in the convalescent plasma and
tocilizumab cohorts were more likely to have additional comorbidities. This may have resulted
in more severe COVID-19 disease [27] and served as the rationale for the administration of
their index treatments. Convalescent plasma and tocilizumab have primarily been adminis-
tered to critically ill patients with COVID-19 [15, 28-30]. However, a recent randomized, dou-
ble-blind, placebo-controlled trial of convalescent plasma with high antibody titers against
SARS-CoV-2 in 160 older adults showed that infusion within 72 hours after the onset of mild
symptoms reduced the progression of COVID-19 by 48% [31]. Further investigations are
required to fully understand the reasons for the disparities in index treatment use by patient
age, gender, race, region, and comorbidity profile identified in this study, and their effects on
patient outcomes. Treatment may have been guided by various patient-level and healthcare
system-level factors, including disease severity, differences in practice protocols, and the avail-
ability of medications and healthcare resources [7, 32, 33].

In the general US population, 16.5% of individuals are 65 years and over, 49.2% are male,
76.3% of Americans are White, 13.4% are Black, and 45.4% of adults have comorbidities that
may increase the risk of COVID-19 complications [34, 35]. The Optum® EHR database is
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geographically diverse across the US, with the greatest proportion of patients residing in the
Midwest and South US Census Bureau regions. The age and sex distribution of the enrollees is
similar to that reported by the US Census Bureau [36]. Compared to these population-based
estimates, data from the present study revealed that older individuals and males were most
likely to require hospitalization and receive treatment for COVID-19, and a high proportion
of patients had comorbidities. No notable differences were observed in the racial composition
of those hospitalized and treated compared to the US population in general. These findings are
consistent with studies conducted across the US in the first 6 months of the pandemic (Janu-
ary-June 2020), which showed hospitalizations among patients with confirmed COVID-19
were most prevalent among the elderly, men, and those with hypertension, diabetes, obesity,
cardiovascular disease, and chronic kidney disease [37-46]. Studies encompassing the period
from March to October, 2020 consistently identified a higher proportion of males and those
with hypertension, diabetes, and obesity among adults hospitalized with COVID-19 [47, 48].

Relatively few real-world studies examining COVID-19 treatment patterns among patients
hospitalized with COVID-19 have been published (7, 25, 27, 32]. To the authors’ knowledge,
no other studies have reported on longitudinal treatment patterns for patients hospitalized
with COVID-19. The present study showed that dexamethasone was the most commonly used
treatment at day 7 post-index among patients with COVID-19 who remained hospitalized,
irrespective of index treatment, except for patients initiating regimens containing hydroxy-
chloroquine or tocilizumab. This may reflect the use of tocilizumab as an anti-inflammatory in
patients with rapidly increasing oxygen needs and systemic inflammation [49]. At day 14 post-
index, the majority of patients in this study received no further treatment of interest, but may
have been provided supportive care. Prevailing treatment guidelines and published case stud-
ies, as well as changes in patient COVID-19 severity status, may have served as the basis for
changes in drug utilization during inpatient stays [7].

Ultimately, no index treatment regimens or post-index treatments administered to the
patients in this study appeared to alleviate the inpatient morbidity and mortality associated
with COVID-19. Evaluation of clinical and health resource use outcomes showed the mean
length of hospital stay in the overall study population was 8.1 days, and was similar across
treatment cohorts. The proportion of patients requiring ICU-level care ranged from 4.0-
15.3% across treatment cohorts, and fewer than 12% of patients in all cohorts received non-
invasive or invasive ventilation. At the end of the 28-day follow-up period, approximately 80%
of patients were discharged alive, 4% died in hospital, and 9% died after discharge. In previous
studies, the mean (SD) length of hospital stay for US patients hospitalized with COVID-19 ran-
ged from 7.7 (10.8) to 8.5 (13.6) days, and the mean (SD) length of ICU stay ranged from 7.3
(6.8) t0 9.6 (8.0) days [47, 50, 51]. The median (interquartile range, IQR) length of hospital
stay for US patients hospitalized with COVID-19 ranged from 5 (3-10) to 7 (3-13) days and
from 5 (2-10) to 15 (6-20) days for patients requiring ICU care [43, 47, 48, 50, 51]. ICU admis-
sion and ventilation use were higher than those in the present study, with approximately 14-
23% of patients hospitalized with COVID-19 requiring ICU-level care and approximately 12—
16% of patients receiving invasive mechanical ventilation [47, 48, 50, 51].

For context, the burden presented by COVID-19 appears higher than other common respi-
ratory diseases, such as seasonal influenza, acute asthma, and acute COPD exacerbation. Com-
pared to seasonal influenza, COVID-19 has been associated with a higher risk of mechanical
ventilator use (hazard ratio [HR] 4.01, confidence interval [CI]: 3.53-4.54) and ICU admission
(HR 2.41, CI: 2.25-2.59) [4], and a prolonged length of hospital stay (mean [SD],10 [10.99]
days vs. 7 [19.00] days; median (IQR) range of hospital stay, 6 [3-12] to 8 [4-16] days vs. 3 [2-
6] to 4 [2-7] days) [4, 52]. The median (IQR) length of hospital stay for patients with acute
asthma has been estimated at 2 (1-3) days [53]. The mean (SD) range of length of hospital stay
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for adults hospitalized with acute COPD exacerbation has been reported at 4.5 (3.3) to 6 days,
and up to 16 (16.7) days for ICU admissions [54, 55].

At the start of the pandemic, mortality rates for inpatients with COVID-19 were high (up to
33%) [7,40,44,50,51,56], but have subsequently decreased [37, 43]. A cohort study of 38,517
patients hospitalized with COVID-19 found mortality rates in US hospitals declined from
16.6% in January 2020 to 9.3% in June 2020 [56]. Another cohort study of 503,409 US patients
hospitalized with COVID-19 reported inpatient mortality rates of 10.6%, 19.7%, and 9.3% for
March, April, and November 2020, respectively [50]. The low inpatient mortality rate observed
in the present study likely reflects continued improvements in the management of patients
hospitalized with COVID-19; however, a notable proportion of patients died shortly after dis-
charge. This finding was similar to a study of 1,648 patients hospitalized with COVID-19 in
Michigan (March 2020-July 2020), where 6.7% of discharged patients died during 60 days of
follow-up [57]. The significant morbidity and mortality among survivors of COVID-19 under-
scores the urgent need for widespread preventive measures, as well as the development of
effective treatments.

Strengths and limitations

The strength of this study is the relative stabilization of COVID-19 treatments observed over
the study period (index treatment date: September 2020 to January 2021), as real-world deci-
sions and treatment guidelines were relatively consistent during this time. Criteria and real-
world decisions for hospitalization of COVID-19 patients may vary across geographies, time
periods, and patient groups, and could impact inpatient outcomes. Acknowledging that many
therapies are still under development, data reported here are expected to remain relevant for
the near future. This study was subject to several limitations. First, centers contributing the
Optum EHR database data may not be fully representative of the general COVID-19 inpatient
population in the US. Second, the small sample size of some of the cohorts limits the reliability
of some findings. Third, oxygen supplementation and respiratory support were identified
based on procedure codes, which may be substantially under-recorded in the EHR. Therefore,
clinical status identified from the EHR data may not be accurate if there are insufficient details
on oxygen supplementation, ventilation, or organ support. Fourth, as the Optum EHR data-
base is not a closed system, several data points may not have been fully captured. In particular,
treatments occurring before or after hospital discharge, as well as deaths, may be missing
despite best efforts to link this information from other data sources.

Conclusion

This real-world study described patient characteristics, treatment patterns, and outcomes
among hospitalized patients who initiated common treatments for COVID-19 from Septem-
ber 2020 to January 2021 in the US. Elderly patients and patients with comorbidities were
most likely to require hospitalization for COVID-19. Dexamethasone and dexamethasone
with remdesivir were the most prevalent treatments initiated by patients, and treatment was
most often switched to dexamethasone for patients hospitalized for more than a week.
Although the majority of patients were discharged alive, no treatment regimens appeared to
alleviate the inpatient morbidity and mortality associated with COVID-19. This highlights an
unmet need for effective treatment options for patients hospitalized with COVID-19.

Supporting information

S1 Table. Labour and delivery codes used as exclusion criteria. CPT, Current Procedural
Terminology; ICD-10-CM, International Classification of Diseases, Tenth Revision, Clinical
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Modification.
(DOCX)

S2 Table. Diagnosis and procedure codes used to identify patient comorbidities. a) Cardiac
disease diagnosis ICD-9-CM, International Classification of Diseases, Ninth Revision, Clinical
Modification; ICD-10-CM, International Classification of Diseases, Tenth Revision, Clinical
Modification. b) Respiratory disease diagnosis. ARDS, acute respiratory distress syndrome;
International Classification of Diseases, Tenth Revision, Clinical Modification. ¢) Diabetes
mellitus diagnosis. International Classification of Diseases, Tenth Revision, Clinical Modifica-
tion. d) Kidney disease diagnosis. International Classification of Diseases, Tenth Revision,
Clinical Modification. e) Kidney disease procedures. CPT, Current Procedural Terminology;
HCPCS, Healthcare Common Procedure Coding System; ICD-10-PCS, International Classifi-
cation of Diseases, Tenth Revision, Procedure Coding System. f) Venous thromboembolism
(VTE) diagnosis. ICD-9-CM, International Classification of Diseases, Ninth Revision, Clinical
Modification; ICD-10-CM, International Classification of Diseases, Tenth Revision, Clinical
Modification.

(DOCX)

S1 Fig. Index treatment use per total COVID-19 patients, by month. a) Dexamethasone. b)
Dexamethasone + Remdesivir. ¢) Azithromycin. d) Azithromycin + Dexamethasone. )
Remdesivir. f) Azithromycin + Dexamethasone + Remdesivir. g) Azithromycin + Remdesivir.
h) Convalescent Plasma + Dexamethasone + Remdesivir. i) Convalescent Plasma. j) Hydroxy-
chloroquine. k) Azithromycin + Hydroxychloroquine. 1) Tocilizumab.

(TIF)

S2 Fig. Post-index treatment switching. Azi, azithromycin; Dex, dexamethasone; HCQ,
hydroxychloroquine; NA, not available; Rem, remdesivir.
(TIF)
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