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Abstract
Corticosteroids lower mortality in hospitalized patients with COVID-19 pneumonia requiring oxygen support. In this observa-
tional retrospective study (September 2020–June 2021), we explored the association between receiving home corticosteroids 
without oxygen supply and 30-day mortality in hospitalized patients with COVID-19 pneumonia. Among a total of 794 
COVID-19 pneumonia patients, 763 were included into the study (males 68%; mean age 65 ±12 years), of whom 197 (26%) 
received home corticosteroids (mean daily prednisone equivalent-dose 40 mg ± 12 mg; range 10–50 mg; median 50 mg; 
IQR 25–50 mg; for 4 days). The overall 30-day mortality of the study population was 12%. The risk of death—adjusted 
for age, comorbidities, administration of remdesivir and respiratory failure severity—was lower (HR 0.405; p = 0.024) in 
patients receiving home corticosteroids. After stratifying the study population by age categories, home corticosteroids were 
associated with an adjusted decrease in mortality risk in patients > 77 years (HR 0.346; p = 0.040). Home corticosteroids 
may lower the 30-day mortality in elderly COVID-19 patients.
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Introduction

The therapeutic management of outpatients with mild 
COVID-19 not requiring oxygen supply consists of symp-
tomatic treatment using antipyretics, analgesics and anti-
tussives [1]. More recently, several therapeutic options are 
available for the treatment of non-hospitalized patients at 
high risk of disease progression. In fact, antispike neutraliz-
ing antibodies (e.g. sotrovimab) and novel antivirals (remde-
sivir, molnupiravir and ritonavir/nirmatrelvir) have demon-
strated to reduce medically attended visit or hospitalization 

in high-risk outpatients. However, the effect of these thera-
pies in reducing mortality is low [2–5]. The Recovery trial 
demonstrated dexamethasone to lower 28-day mortality 
among hospitalized patients with COVID-19 pneumonia 
requiring either invasive mechanical ventilation (IMV) or 
oxygen alone but not in those with no oxygen need [6]. 
WHO recommends against the use of dexamethasone or 
other systemic glucocorticoids to treat patients with mild to 
moderate COVID-19 who do not require hospitalization and 
supplemental oxygen [7]. Early corticosteroid therapy is a 
double-edge sword that can mitigate inflammation and delay 
viral clearance at a time when control of viral replication is 
crucial, as previously observed in patients with SARS-Cov-1 
in 2003 [8]. On the other hand, late use and high or medium 
doses rather than early use and low dose of glucocorticoids 
were significantly associated with a high risk of viral clear-
ance delay in a recent review and meta-analysis on the effect 
of steroid use on the viral shedding in COVID-19 [9].

Corticosteroids are often prescribed in real-life even 
in outpatients without oxygen support by general practi-
tioners. However, data evaluating the possible benefits of 
corticosteroids in the very early phase of COVID-19 are 
lacking. We aimed to explore the association between home 
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administration of corticosteroids compared to usual care 
and 30-day all-cause mortality in hospitalized patients with 
COVID-19 pneumonia.

Patients and methods

We performed an observational retrospective study analyz-
ing data on adults hospitalized with COVID-19 pneumo-
nia. All patients had PCR-confirmed SARS-Cov-2 infection 
and were consecutively admitted from September 2020 to 
June 2021 to the Infectious Diseases Unit, University Hos-
pital, Trieste, Italy. Demographics (age and gender) and 
clinical characteristics including obesity, hypertension, 
diabetes, chronic obstructive pulmonary disease (COPD), 
and immune deficit were collected at hospital admission. 
Data on corticosteroid therapy before hospital admission 
were collected including time from onset of symptoms to 
corticosteroid therapy, overall corticosteroid (prednisone 
equivalent) dose [10], and treatment duration. Because of 
inter-patient variability of corticosteroid drug and dosage, 
home steroid therapy was managed as a dichotomic variable 
(yes or no). The highest respiratory support received during 
hospitalization (oxygen via masks or high-flow nasal can-
nula, non-invasive or invasive mechanical ventilation) was 
considered as a marker of respiratory failure severity. Other 
relevant care administered during hospitalization, including 
remdesivir, heparin/oral anticoagulants, and corticosteroids, 
were collected as well. Patients not undergoing corticos-
teroids during their hospital stay were excluded. All-cause 
30-day mortality was considered as primary outcome.

Continuous variables were presented as means ± standard 
deviations (SD). The between-group comparisons were ana-
lyzed via Student’s t test for independent samples after deter-
mining whether or not equal variance could be attributed to 
the subgroups as per Levene’s test. Nominal variables were 
shown as a number and percentage and the respective con-
tingency tables were analyzed using χ test or Fisher’s exact 
test, as appropriate. The different time of death according 
to having received or not steroids before hospital admis-
sion was explored. Observations were right-censored until 
30-days from hospitalization. Both unadjusted and adjusted 
survival analyses were carried out. To assess a possible 
hierarchy between mortality predictors, an exploratory 
analysis was conducted through recursive regression trees, 
showing three statistically significant different (p < 0.001) 
age strata: < 68, 68–77, and > 77 years. Multivariable Cox 
proportional-hazards models with forward stepwise selec-
tion were adjusted for confounders significantly related to 
the occurrence of 30-day death in bivariate analyses. The 
results were presented as an adjusted proportional-hazard 
ratio (HR) and 95% confidence intervals (CI).

Since multivariable analysis showed patient’s age as 
a strong independent risk factor of death, separate Cox 

regressions for patients belonging to the previously iden-
tified age strata were computed for sensitivity analysis. P 
value < 0.05 was set for statistical significance.

Results

A total of 794 COVID-19 pneumonia patients (534 males, 
67.2%; mean age 65.3±13.6 years) with COVID-19 pneu-
monia were admitted to the study ward. After excluding 
subjects not undergoing corticosteroids therapy during their 
hospital stay (n = 31; 3.9%), 763 patients were included into 
the study; 197 (26%) of them received home corticoster-
oids and none oxygen supply before hospital admission. The 
main characteristics of the study population are reported in 
Table 1.

The mean time from COVID-19 onset and the start 
of home steroids was 5.8 ± 3.2 days. The mean duration 
of steroid therapy was 3.7 ± 1.9 days. The overall dose 
of prednisone dose-equivalent steroid per patient was 
147.4 ± 85.6 mg, corresponding approximately to a mean 
of prednisone 40 ± 12 mg daily (range 10–50 mg; median 
50 mg; IQR 25–50 mg) for 4 days. Compared to untreated 
ones, corticosteroid home treated subjects were younger 
and had a lower prevalence of pre-existing hypertension, 
COPD and immunodeficiency conditions, and received less 
frequently antivirals in hospital, while no further between-
group difference was found (Table 1). No between-group dif-
ference was found in home-administered steroid dose accord-
ing to the considered age-strata (< 68 years: 40.6 ± 13.0 mg; 
68–77 years: 43.9 ± 11.6 mg; > 77 years: 38.5 ± 13.5 mg; 
p = 0.286). Patients were admitted to the hospital after a 
mean of 9.4 ± 3.1 days from COVID-19 onset. All patients 
but one received either heparin or anticoagulants during 
hospitalization, so that this variable was not further consid-
ered in data analyses. Patients belonging to 68–77 age group 
underwent NIV or IMV in a higher percentage as compared 
to the other age-strata (< 68: n = 188, 44.2%; 68–77: n = 86, 
51.5%; > 77: n = 62, 36.8%; p = 0.025).

The overall 30-day mortality was 12.2%. In patients who 
received home corticosteroids the crude mortality was sig-
nificantly lower compared to patients who did not (no home 
steroids: n = 86/566, 15.2%; home steroids: n = 7/197, 3.6%; 
p < 0.001). Mortality was also significantly associated with 
older age, hypertension, COPD and immunodeficiency, as 
well as with a higher respiratory support; conversely, mortal-
ity was lower for patients treated with remdesivir (Table 2).

Figure 1 shows the results of survival analyses. Patients 
undergoing home corticosteroids showed a lower crude mor-
tality risk (p < 0.001) compared to untreated patients. This 
finding was confirmed by multivariable Cox regression anal-
ysis adjusted for comorbidities (hypertension, COPD and 
immunodeficiency), in-hospital administration of remdesivir 
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and respiratory failure severity (i.e., the highest received 
respiratory support), demonstrating a significantly decreased 
(by 59%) proportional-risk of 30-day death in patients who 
received home corticosteroids. Other variables significantly 
associated to mortality were age, immunodeficiency and 
the severity of pneumonia as described by requiring IMV 
(Table 3). After stratifying the study population according 
to identified age categories, home corticosteroids were asso-
ciated with a statistically significant decrease in mortality 
risk in patients older than 77 years in a multivariable Cox 
regression model adjusted for the above described covariates 
(Fig. 1). Based on this finding, patients belonging to over-77 
age group receiving or not home steroids were compared 
as a further sensitivity analysis. No statistically significant 
difference was found neither according to respiratory fail-
ure severity (p = 0.474), nor to prevalence of comorbidi-
ties (hypertension: p = 0.267; diabetes: p = 0.489; COPD: 
p = 0.535; immunodeficiency: p = 0.221; obesity: p = 1.000).

Discussion

The severity of COVID-19 pneumonia remains unaccept-
ably high and antivirals have demonstrated little impact on 
COVID-19 mortality. Dexamethasone therapy lowers mor-
tality in hospitalized patients with COVID-19 pneumonia 
requiring oxygen, especially in those treated after 7 days 

Table 1  Main baseline 
social-demographic and 
clinical characteristics of the 
full study population and of 
subgroups undergoing or not 
steroid therapy before hospital 
admission

BMI body mass index, COPD Chronic obstructive pulmonary disease, NIV non-invasive mechanical venti-
lation, IMV invasive mechanical ventilation
* No support or oxygen through mask or high-flow nasal cannulae.

Variable All patients (n = 763) No home ster-
oids (n = 566)

Home steroids (n = 197) p value

Sex (male) 520 (68.2%) 385 (68.0%) 135 (68.5%) 0.895
Age (years) 65.2 ± 13.6 66.6 ± 14.0 61.4 ± 11.7  < 0.001
Age categories
  < 68 years 425 (55.7%) 284 (66.8%) 141 (33.2%) –
 68–77 years 167 (21.9%) 134 (80.2%) 33 (19.8%)  < 0.001
  > 77 years 171 (22.4%) 147 (86.0%) 24 (14.0%) –

BMI (kg/m2) 27.4 ± 4.9 27.5 ± 5.1 27.3 ± 4.5 0.644
BMI ≥ 30 kg/m2 202 (26.6%) 154 (27.4%) 48 (24.5%) 0.435
Hypertension 382 (50.1%) 304 (53.7%) 78 (39.6%) 0.001
Diabetes 146 (19.1%) 114 (20.1%) 32 (16.2%) 0.231
COPD 51 (6.7%) 48 (8.5%) 3 (1.5%)  < 0.001
Immunodeficency 45 (5.9%) 41 (7.2%) 4 (2.0%) 0.007
Hospital heparin 732 (95.9%) 542 (95.8%) 190 (96.4%) 0.674
Hospital remdesivir 115 (15.1%) 94 (16.6%) 21 (10.7%) 0.044
Higher respiratory support
 None-oxygen* 426 (55.8%) 313 (55.3%) 113 (57.4%) –
 NIV 289 (37.9%) 213 (37.6%) 76 (38.6%) 0.325
 IMV 48 (6.3%) 40 (7.1%) 8 (4.1%) –

Table 2  Social-demographic and clinical characteristics of the 
patients according to mortality at 30-day follow-up

BMI body mass index, COPD Chronic obstructive pulmonary dis-
ease, NIV non-invasive mechanical ventilation, IMV invasive mechan-
ical ventilation
* No support or oxygen through mask or high-flow nasal cannulae.

Variable Survived (n = 670) Dead (n = 93) p value

Sex (male) 462 (69.0%) 58 (62.4%) 0.201
Age categories
  < 68 years 417 (62.2%) 8 (8.6%) –
 68–77 years 146 (21.8%) 21 (22.6%)  < 0.001
  > 77 years 107 (16.0%) 64 (68.8%) –

BMI ≥ 30 kg/m2 179 (26.8%) 23 (25.3%) 0.758
Hypertension 316 (47.2%) 66 (71.0%)  < 0.001
Diabetes 125 (18.7%) 21 (22.6%) 0.367
COPD 35 (5.2%) 16 (17.2%)  < 0.001
Immunodeficency 32 (4.8%) 13 (14.0%)  < 0.001
Hospital interventions
 Heparin 641 (95.7%) 91 (97.8%) 0.319
 Remdesivir 111 (16.6%) 4 (4.3%) 0.001

Higher respiratory support
 None-oxygen* 375 (56.0%) 51 (54.8%) –
 NIV 259 (38.7%) 30 (32.3%) 0.016
 IMV 36 (5.4%) 12 (12.9%) –
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from symptoms [6]. Although no benefit of corticosteroids 
in COVID-19 hospitalized patients who do not require oxy-
gen was reported, no harm has been equally demonstrated 
[6]. To date, the best timing for administering corticosteroids 
in SARS-CoV-2 infection remains undefined. Indeed, there 
are no data on the use of corticosteroids in non-hospitalized 
patients with COVID-19 not requiring oxygen support.

In the present study, almost a quarter of 763 patients 
with COVID-19 pneumonia were treated with home cor-
ticosteroids by their general practitioners. After a mean 
of six days from the onset of COVID-19 onset, these 
patients received approximately prednisone 40 mg daily 

(or equivalent) for a mean duration of 4 days. Compared 
with untreated ones, corticosteroid treated patients were 
younger and had a lower prevalence of some pre-existing 
comorbidities. This was probably due to the unspecified 
role of steroids in the early phase of COVID-19. However, 
the administration of this steroid regimen was found to 
lower the risk of 30-day death and this benefit was par-
ticularly evident in the elderly patient population. This 
finding was confirmed by multivariable and sensitivity 
analyses adjusted for age categories, main comorbidi-
ties, administration of remdesivir and respiratory failure 
severity. Severe illness typically occurs around one week 

Fig. 1  Crude a and adjusted b Kaplan–Meier curves for the propor-
tional-risk of 30-day death in patients receiving or not home steroid 
therapy in the whole study population and adjusted Kaplan–Meier 

risk curves c for patients belonging to the study age strata. HR hazard 
ratio, CI confidence interval



Aging Clinical and Experimental Research 

1 3

after the beginning of symptoms related to SARS-CoV-2 
infection and risk factors for COVID-19 mortality include 
mainly older age, male gender, lung disease, cardiovas-
cular disease, hypertension, diabetes and obesity [11]. 
Our data show that COVID-19 patients aged > 77 years 
had the highest death risk and were those who benefited 
mostly from home corticosteroids. The latter finding is 
not unexpected since the aging process is associated with 
increased levels of systemic pro-inflammatory cytokines 
and decreased levels of anti-inflammatory cytokines 
(“inflamm-aging”) [12].

The present study has several weaknesses. First, this 
is a retrospective observational study, where information 
regarding home corticosteroids were evaluated as a dicho-
tomic variable and corticosteroid dosages were mainly 
reported by patients or their caregivers. Second, this is 
an Italian monocentric study and conclusions cannot be 
generalized. The third limitation is the lack of longitudinal 
data on SARS-CoV-2 clearance by serial nasopharyngeal 
samples. Lastly, we could not investigate the side effects 
of home corticosteroids regimens. In fact, since all of our 
patients received corticosteroid therapy following hospital 
admission, steroid side effects could not be attributable to 
a defined timing of treatment. Nonetheless, we explored 
for the first time the potential role of home corticosteroids 
in patients hospitalized for COVID-19 pneumonia. Our 
findings show that early corticosteroid therapy may lower 
the 30-day mortality in COVID-19 patients not receiving 
concomitant home oxygen supply who were subsequently 
hospitalized and treated with usual care, especially in the 
older ones. Given the retrospective nature of the study cau-
tion is needed in interpreting our results; however, early 

outpatient steroid therapy did not affect negatively the out-
come in our patients with COVID-19 pneumonia.

Since the elderly patient population is precisely the one 
with the highest mortality due to COVID-19 [13], there is 
high priority to confirm our data by a running well-designed 
prospective randomized controlled study.
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