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Abstract: We sought to examine the trend (April–July) in the treatment patterns among 
hospitalized COVID-19 patients using the Premier Healthcare Database (PHD). In the 
analysis, we identified 53,264 patients from 302 hospitalsthat continuously provided inpa-
tient data from April 1, 2020 to July 31, 2020 to the PHD, a nationwide, population-based 
multihospital research database in the US. We used generalized estimating equations (GEE) 
models to assess changes in the proportion of therapies used during the study period. After 
adjusting for patient and provider factors, a decline in hydroxychloroquine and an increase in 
azithromycin and dexamethasone were observed among COVID-19 patients during the 
4-month study period. 
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Introduction
Since emerging in the first quarter of this year, 17 million identified cases of SARS- 
CoV-2 infection (commonly known as COVID-19) have been reported including 
more than 308,000 associated deaths in the US as of mid-December. The high 
hospitalization rate and lack of related experience and resources have caused 
unprecedented pressure on health systems to treat patients. Given the challenges, 
limited data are available to assess changes in the treatment of hospitalized COVID- 
19 patients since the beginning of the pandemic in the US. In this study, we aim to 
evaluate the monthly treatment patterns of patients admitted to an inpatient setting 
with a diagnosis of COVID-19 in a large US multi-hospital database between April 
and July 2020.

Method
Patients with an inpatient admission between April 1, 2020 and July 31, 2020 with 
a COVID-19 diagnosis (International Statistical Classification of Diseases and Related 
Health Problems, Tenth Revision [ICD-10] code U07.1) were identified from 302 
hospitals (118 [39.1%] in South, 104 [34.4%] in Midwest, 62 [20.5%] in Northeast, 18 
[6.0%] in West), in the Premier Healthcare Database (PHD). To be included, hospitals 
were required to provide continuous inpatient data to the PHD during the study period. 
The PHD includes discharge-level information on patient demographics, diagnoses, 
procedures, discharge disposition, length of stay, and hospital and provider characteristics, 
among other features from more than 700 hospitals throughout the US. Although the 
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database excludes federally funded hospitals (eg, Veterans 
Affairs), the hospitals included are nationally representative 
based on bed size, geographic region, location (urban/rural), 
and teaching hospital status. This study is exempt from 
Institutional Review Board (IRB) oversight because all 
patient-related data in the PHD is de-identified and HIPAA- 
compliant from both the inpatient and hospital-based outpati-
ent settings (https://www.premierinc.com/newsroom/press- 
releases/premier-healthcare-database-being-used-by-national- 
institutes-of-health-to-evaluate-impact-of-covid-19-on- 
patients-across-the-u-s). Medications intended for antiviral 
therapy (hydroxychloroquine [HCQ] with or without azithro-
mycin [AZM], remdesivir, lopinavir/ritonavir or other HIV 
protease inhibitors, ivermectin, convalescent plasma), therapy 
to treat the excessive immune response of the host in response 
to the viral infection (dexamethasone, methylprednisolone, 
tocilizumab, colchicine), antithrombotic therapy, and the 
angiotensin-converting-enzyme (ACE) inhibitor lisinopril 
were identified in the PHD hospital charge master records. 
Monthly trends (April–July 2020) in the proportion of patients 
treated with the selected therapies were examined. The rela-
tionships between admission month and therapies were 
assessed using generalized estimating equations (GEE) 
models1 accounting for potential clustering of outcomes within 
hospitals and adjusting for patient demographics, comorbidity 
status, and provider characteristics. GEE models instead of 
mixed effects models were applied to obtain the population 
average effect of covariates. Further, we conducted a sub- 
analysis for patients admitted to the intensive care unit (ICU) 
to investigate if treatment administered to severe patients who 
need ICU care differs from treatment administered to general 
hospitalized patients. Analyses were performed using 
R software version 4.0.0.

Results
We identified 53,264 COVID-19 hospitalized patients, with 
21,736 in April, 11,640 in May, 9,159 in June, and 10,729 in 
July. Patient and provider characteristics are shown in 
Supplementary Table 1. Proportions and adjusted odds ratios 
of therapies between the admission months are shown in 
Supplementary Tables and results for selected therapies are 
displayed in Figures 1 and 2. More than half of the patients 
used HCQ (32.6% and 19.6% with and without AZM, respec-
tively) in April, followed by a steep decline to <1% in July 
(Odds RatioJuly vs April for HCQ with AZM=0.0085, 95% 
Confidence Interval=0.0064–0.011; ORJuly vs April for HCQ 
alone=0.034, 95% CI=0.025–0.045), while the use of AZM 
alone increased from 19.2% in April to 41.3% in July 

(ORJuly vs April=2.07, 95% CI=1.95–2.20). These trends are 
more notable in patients admitted to the ICU. A large increase 
in remdesivir use occurred between April and June, 13.1% in 
overall patients (ORJune vs April=30.35, 95% CI=23.87–38.59), 
and 22.6% in patients admitted to the ICU in June 
(ORJune vs April=19.1, 95% CI=14.35–25.45) as compared to 
0.4% and 1.2% in April, respectively; however, the use fell 
from June to July, 10.6% in overall patients (ORJuly vs April 

=23.75, 95% CI=18.65–30.24) and 20.6% in ICU patients 
(ORJuly vs April=16.53, 95% CI=12.32–22.18). Other antiviral 
drugs were used in <2% of patients consistently from April to 
July. The largest percentage increase was observed for dexa-
methasone use (38-fold increase from 4.7% in April to 61.2% 
in July, 95% CI=34.70–41.15), but the use of another corticos-
teroid, methylprednisolone, decreased by 12% (ORJuly vs April 

=0.48, 95% CI=0.44–0.52). No clear trend was observed in the 
use of other immunomodulators. Antithrombotic therapy was 
common and consistently used across the study period, >85% 
overall and >90% in ICU patients. The use of lisinopril 
increased slightly from 8.0% in April to 11.4% in July 
(ORJuly vs April=1.36, 95% CI=1.24–1.49).

Discussion
In the absence of treatments approved by national reg-
ulatory authorities, providers have been navigating 
uncharted territory to manage and treat hospitalized 
COVID-19 patients. This is reflected in the variable 
trends we observed in therapies used among these 
patients after considering the differences in patient and 
provider characteristics in each month of the compari-
sons. Though widely used for COVID-19 treatment in 
the earliest stage of the pandemic, limited data support 
the efficacy of HCQ against COVID-19. A steep decline 
in HCQ use was observed in May forward, likely as 
a response to the April 24 safety alert followed by 
revocation of the emergency use authorization (EUA) 
by the FDA on June 15. Since then, more evidence 
has emerged indicating HCQ has no beneficial effects 
for COVID-19 patients.2 AZM, commonly used as an 
adjunct to HCQ during the early phase of the pandemic, 
emerged as a solo therapy with increasing use because 
of its antimicrobial effects, especially among severe 
cases. We observed a substantial increase in the use of 
remdesivir from May to June followed by a slightly 
decline in July. The rapid growth in remdesivir use 
may be driven by the EUA issued on May 1, and 
several factors could contribute to the observed fluctua-
tion in remdesivir use afterwards. Controversial data 
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regarding the efficacy and clinical importance of remde-
sivir, as one of the reasons, may cause decreased use of 
remdesivir around that time.3 Scientific evidence and 
National Institute of Health (NIH) treatment guidelines 
for COVID-19 regarding the benefit of corticosteroids 
for the hospitalized patients starts emerging after mid- 
June. The effectiveness of dexamethasone in reducing 
mortality rate was demonstrated by the Randomized 
Evaluation of COVID-19 Therapy (RECOVERY) trial, 
a multicenter randomized trial in more than 6,000 hos-
pitalized patients with COVID-19.4 In contrast, evidence 
to support the use of methylprednisolone for the treat-
ment of COVID-19 is not as robust as that demonstrated 
in the RECOVERY trial.5 As such, dexamethasone is 
strongly recommended for hospitalized patients who 
require supplemental oxygen, and methylprednisolone 
is recommended if dexamethasone is not available. 
Thus, it should come as no surprise that dexamethasone 
use started increasing in June (from 8.2% in May to 

34.3% in June) and doubled in July (61.2%), when it 
was preferentially used by doctors over methylpredniso-
lone. In our study population, a consistently high pro-
portion of patients received anticoagulants across the 
study period, consistent with the evidence indicating 
antithrombotic therapy is associated with a lower mor-
tality rate among hospitalized patients who are at high 
risk of hypercoagulable states.6 Despite the biological 
plausibility that the use of ACE inhibitors increases 
susceptibility to COVID-19 and severity of the illness,7 

we observed a mild trend increase in the use of lisino-
pril, which is often recommended for cardiovascular 
disease treatment but not for the treatment of COVID- 
19. In conclusion, we observed that the trends in 
COVID-19 treatment in real-world data were reflective 
of the evolving scientific evidence, regulatory decisions, 
and federal guidelines. Although HCQ was widely used 
in April, either alone or in combination, with little 
evidence to support its use, fortunately its frequency of 

Figure 1 Changes in proportions of therapies use for COVID-19 from April to July in hospitalized patients in the US. Among 21,736 COVID-19 hospitalized patients in April 
in our study, the proportions of therapies use were 52.2% for Hydroxychloroquine (HCQ) with and without Azithromycin (AZM), 0.4% for remdesivir, 1.6% for 
convalescent plasma, 4.7% for dexamethasone, and 87.0% for anticoagulants. The line graph displays the differences in the proportions of these selected therapies use in 
May, June, or July compared to April. Proportions of therapies use in the overall study population and in patients admitted to the intensive care unit (ICU) from April to July 
are shown in Supplementary Tables 2 and 3.
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use rapidly decreased in May and June 2020 in response 
to evidence-based assessments in published journals and 
communications by the U.S. FDA.  As better treatments 
for COVID-19 become available, continued monitoring 
and assessment of treatment patterns of hospitalized 
COVID-19 patients will be helpful.
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