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Abstract

Coronavirus disease 2019 (COVID-19) is characterized by dysregulated hyper-
immune response and steroids have been shown to decrease mortality. However,
whether higher dosing of steroids results in better outcomes has been debated. This
was a retrospective observation of COVID-19 admissions between March 1, 2020,
and March 10, 2021. Adult patients (218 years) who received more than 10 mg daily
methylprednisolone equivalent dosing (MED) within the first 14 days were included.
We excluded patients who were discharged or died within 7 days of admission. We
compared the standard dose of steroids (<40 mg MED) versus the high dose of
steroids (>40 mg MED). Inverse probability weighted regression adjustment (IPWRA)
was used to examine whether higher dose steroids resulted in improved outcomes.
The outcomes studied were in-hospital mortality, rate of acute kidney injury (AKI)
requiring hemodialysis, invasive mechanical ventilation (IMV), hospital-associated
infections (HAI), and readmissions. Of the 1379 patients meeting study criteria, 506
received less than 40 mg of MED (median dose 30 mg MED) and 873 received more
than or equal to 40 mg of MED (median dose 78 mg MED). Unadjusted in-hospital
mortality was higher in patients who received high-dose corticosteroids (40.7% vs.
18.6%, p < 0.001). On IPWRA, the use of high-dose corticosteroids was associated
with higher odds of death (odds ratio [OR] 2.14; 95% confidence interval [CI]
1.45-3.14, p <0.001) but not with the development of HAI, readmissions, or re-
quirement of IMV. High-dose corticosteroids were associated with lower rates of
AKI requiring hemodialysis (OR 0.33; 95% Cl 0.18-0.63). In COVID-19, corticos-
teroids more than or equal to 40 mg MED were associated with higher in-hospital

mortality.
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VTE, venous thromboembolism.
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1 | INTRODUCTION

Recently, the Society of Critical Care Medicine has made a strong
recommendation to use a short course of systemic corticosteroids.*
This was based on metanalysis by the REACT working group, which
showed a significant reduction in 28-day mortality in patients re-
ceiving steroids.” The reduction in mortality was observed for dex-
amethasone and hydrocortisone treatments. The RECOVERY trial
comprised the largest study in the metanalysis and used dex-
amethasone 6 mg daily for 10 days.® At the point of writing this
manuscript, steroids have been shown to be useful in moderate to
severe coronavirus disease 2019 (COVID-19)—those requiring high
flow oxygen and those requiring noninvasive or invasive mechanical
ventilation (IMV). The dose of the steroids has been debated.

Researchers have observed dose-dependent activation of corticos-
teroid receptors without an increase in adverse effects.” Whether this
effect results in improved outcomes is currently unknown. A few ran-
domized controlled trials (RCTs) used high-dose methylprednisolone for
short periods® © and have reported conflicting results. Some researchers
have proposed a higher dose of steroids, including pulse dosing with good
results.”'® In a nonviral acute respiratory distress syndrome (ARDS), high
dose steroids followed by tapering dose was shown to improve mortality
and ventilator-free days without increased risk of serious side effects.*" In
other viral illnesses such as the Middle East respiratory syndrome, high
dose steroids were beneficial in severe cases while in HIN1 pneumonia,
mild to moderate dose improved outcomes, and higher dose did not.*%**
In an observational study of 447 COVID-19 patients, high dose steroids
improved mortality and progression to mechanical ventilation.” However,
the optimal dose of corticosteroids in COVID-19 is still unknown. RCTs
are ongoing to answer this question.'**°

The objectives of this retrospective study were to determine if a
higher dose of corticosteroids was associated with improvement in
outcomes of hospitalized COVID-19 patients. We used inverse
probability weighted regression adjustment, a statistical method that
has been shown to minimize bias among propensity score methods.*®

2 | METHODS

2.1 | Study design and data source

We performed a retrospective analysis of adult COVID-19 patients
(age = 18 years) admitted to a large community hospital in a rural setting
in Northeast Georgia between March 1, 2020, and March 10, 2021.
COVID-19 patients were identified from our Epic® EMR using
ICD10CM and/or CPT codes for COVID-19 infection and/or positive
COVID-19 testing. We obtained clinical and demographical details of
patients from Epic® Caboodle data warehouse and Cerner APACHE®
Outcomes. Systems integration was provided by IPC Global; Atlanta and
we leveraged their in-Process Data Factory innovation running on an
AWS® VPC. Readmissions of the patients with COVID-19 patients were
excluded. The study was reviewed and found exempt by the Institu-
tional Review Board of the Northeast Georgia Health System.
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2.2 | Definitions

We obtained the type and dose of corticosteroids used for the
COVID19 patient. The selection method for the study is shown in
Figure S1. We excluded those who did not receive any corticoster-
oids. We also excluded those patients who either were discharged
within 7 days of admission or died within 7 days of admission to
exclude nonsick and extremely sick patients who would have either
survived or died with or without corticosteroids. We used methyl-
prednisolone equivalent dosing (MED) for comparison. 1 mg of dex-
amethasone was equivalent to 5mg of methylprednisolone. We
calculated the total amount of MED received within the first 14 days
of admission. An average daily dose of steroids was calculated by
dividing the total dose received in the first 14 days by the total
number of days of corticosteroids were received within the first
14 days. We excluded patients whose daily average dose was less
than 10 mg and those who received the first dose of corticosteroids
after 14 days of admission.

We used restricted cubic splines to examine the probability of
death with MED dose to determine the cutoff values of high-dose
corticosteroids. The graph showed two elbows (Figure S2). The lower
elbow was at about 40 mg MED and the upper elbow was at 80 mg
MED. As the standard dosing in COVID-19 studies involved 6 mg of
dexamethasone, which is equivalent to about 30 mg of MED, we used
40 mg MED as our cutoff. Thus, we divided steroid dosing into two
groups—(1) standard dose (if they received < 40 mg MED daily dose)
and (2) high dose (if they received = 40 mg MED daily dose).

We collected clinical and demographic data including co-
morbidities, home anticoagulation, antiplatelet use, laboratory values,
inflammatory markers (ferritin, C-reactive peptide [CRP], lactate de-
hydrogenase [LDH], fibrinogen, and p-dimer), the presence of central
venous catheters, and medications given for COVID-19 infection
(remedesivir, corticosteroids, tocilizumab, convalescent plasma, hy-
droxychloroquine, and ivermectin). We collected data for hospital-
acquired infections (HAI), IMV acute kidney injury (AKI), acute kidney
injury requiring hemodialysis, venous thromboembolism (VTE), acute
strokes, blood transfusions, and pneumothorax. The severity of ill-
ness was defined by Sequential Organ Failure Assessment (SOFA)

score and 4C score.”’

2.3 | Definition of variables
Our primary dependent variable was in-hospital mortality. Other
outcomes studied were the rate of AKI requiring hemodialysis, IMV,

HAI, readmission, and duration of IMV.

2.4 | Change in inflammatory markers

We obtained the highest inflammatory marker level within the first 5
days of admission and compared it with the lowest inflammatory
marker during the subsequent 3 weeks. We only compared those
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patients who had both sets of values. We compared changes in the
level of ferritin, CRP, LDH, and fibrinogen in standard and high dose
steroid groups using t-test (after log transformation of the in-

flammatory markers) and Wilcoxon rank test for p-dimer.

2.5 | Statistics

We described the categorical data using frequency count and per-
centages. We report means and standard deviation or medians and
interquartile ranges (IQRs) for continuous variables as appropriate for
their distribution. We compared demographical and clinical char-
acteristics using the x? test and the Wilcoxon rank test for categorical
and continuous variables, respectively. For all analyses, we deemed

statistical significance a p-value less than 0.05.

2.6 | Model to examine treatment effect of high
dose corticosteroids

To compare the two regimens of corticosteroids (high dose vs. stan-
dard dose), we used inverse probability weighted regression adjust-
ment (IPWRA) to correct for potential bias brought about by higher
doses of steroids in sicker patients. We calculated the probability of
receiving high dose corticosteroids (propensity score model) by fitting
a multivariable logistic regression model with high dose steroid as the
dependent variable and patient demographics, comorbidities, use of
anticoagulants and antiplatelet agents before hospitalization, SOFA
score, and 4C score on admission, IMV, intensive care unit (ICU)
transfer, use of vasopressors, medications related to COVID-19 (re-
medesivir, ivermectin, hydroxychloroquine, tocilizumab, ad con-
valescent plasma), and initial inflammatory markers (ferritin, o-dimer,
fibrinogen, LDH, and CRP). These predictors were chosen based on
clinical judgment and model fit. We log-transformed (natural logs)
markers of inflammation as they were not normally distributed. For
p-dimer, we used deciles as we were unable to normalize its dis-
tribution. We imputed missing values of inflammatory markers using
median values. Inverse probability weights were obtained by using an
inverse of the predicted probability of anticoagulation from the pro-
pensity score model. Next, we fitted our outcome model (in-hospital
mortality) using the inverse probability weights and adjusted this re-
gression model for patient demographics, comorbidities, SOFA and 4C
score, IMV, ICU transfer, use of vasopressors, COVID-19 medications
received, initial inflammatory markers (ferritin, p-dimer, fibrinogen,
LDH, and CRP) and complications such as VTE, acute stroke, AKI re-
quiring hemodialysis, HAI, pneumothorax, and blood transfusion.

We used a similar approach for other outcomes such as AKI
requiring hemodialysis, mechanical ventilation, hospital-acquired in-
fections, and rates of readmission. For our secondary analysis, we
excluded patients who developed respective outcomes before in-
itiation of corticosteroids. For example, for analysis of the risk of IMV,
we excluded patients who received corticosteroids after they were
intubated.

As an exploratory analysis, we compared a daily dose of MED more
than or equal to 80 mg per day with those who received less than 80 mg
per day to examine if an extremely high dose of corticosteroids were
associated with reduced in-hospital mortality and other secondary
outcomes. We used similar statistical methods as described above. We
performed all statistical analyses using STATA MP 16.0 (Stata-Corp).

3 | RESULTS

There were 5204 COVID-19 admissions during the study period. Of
these 1379 met inclusion criteria (Figure 1). Of these, 506 received
less than 40 mg of MED and 873 received more than or equal to
40 mg of MED. The median dose of corticosteroids in patients re-
ceiving the standard dose of steroid was 30 mg MED (IQR 24-34 mg)
and 78 mg MED (IQR 59-108 mg) in the high dose group. The median
time to initiation of corticosteroids was 0.42 days in the standard
dose and 0.18 days in the high dose (Table 1).

3.1 | Characteristics of patients receiving
high-dose corticosteroids

Patients who received high-dose corticosteroids were younger but
other demographical and comorbidities were similar in both steroid
groups (Table 1). Patients who received high-dose corticosteroids
more often received other possible therapies for COVID-19 (tocili-
zumab, remdesivir, and higher dose anticoagulation). The severity of
iliness as observed by SOFA score and 4C score were not statistically
different on admission between the two groups (Table 1).

A patient who received high dose corticosteroids were/became
sicker than their counterparts as adjudicated by higher rates of ICU
admissions (67.8% vs. 42.3%, p <0.001), ventilator use (28.1% vs.
11%, p < 0.001), lower PF ratio on a ventilator (52 vs. 58, p = 0.006),
and vasopressor requirements (14.7% vs. 9%, p =0.003) (Table 2).
Also, In the cohort that received high dose corticosteroids, both AKI
and AKI requiring hemodialysis, HAls (including candidemia), VTE,
and blood transfusions were more common than in the cohort re-
ceiving standard-dose corticosteroids (Table 3).

Unadjusted in-hospital mortality was higher in patients who received
high-dose corticosteroids (40.7% vs. 18.6%, p < 0.001). However, the rate
of discharges to home and with home health was significantly higher in
patients who received high-dose corticosteroids. Readmission rates
(15.1% vs. 18.9%, p =0.11) and death during the readmissions (30.7% vs.
26.4%, p =0.51) were not significantly different in the two groups.

3.2 | Inflammatory markers

Patients who received higher dose corticosteroids, with exception of
p-dimer, had higher levels of ferritin, CRP, LDH, and fibrinogen
(Table S2). The improvement in levels of inflammatory markers over

3 weeks was not different between the two groups (Figure S2).
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TABLE 1 Demographical, clinical characteristics, and outcomes 3.3 | Standard dose versus high dose
of COVID-19 patients receiving steroids (240 mg MED) corticosteroids—in-hospital mortality
Standard and other outcomes
dose High dose p value
Total 506 873 Use of high-dose corticosteroids was associated with higher odds of
. oco . . _
Daily MED in mg, 30 (24-34) 78 (59-108) death (odds ratio [OR] 2.14; 95% confidence interval [CI] 1.45-3.14,
median (IQR) p <0.001). However, there was no significant association of high-

. o dose corticosteroids with the development of HAI (OR 1.00; 95% CI

Time to steroids in days, 0.42 0.18 <0.001 . . o
median (IQR) (0.14-1.8) (0.05-0.57) 0.59-1.68), candidemia (OR 0.51; 95% ClI 0.13-2.0, p = 0.33), read-
A dian (1GR} o3 ol ey - missions (OR 1.14; 95% Cl 0.74-1.76, p =0.55), or requirement or
e, median * - - . .

2 Q duration of IMV (OR 0.76; 95% Cl 0.40-1.46, p =0.42). However,
Male (%) 55.9 59.6 0.18 high dose corticosteroids were associated with lower rates of AKI
Race (%)* 0.71 requiring hemodialysis (OR 0.33; 95% Cl 0.18-0.63) (for details see

White 73.9 72.3 Table S3).

Blacks 8.9 8.0
Hispanic 124 144 3.4 | Effect of 280 mg MED daily of
Asian 1.6 23 methylprednisolone
Not disclosed 3.2 3.0
Of the 1379 patients, 414 received more than or equal to 80 mg of
Blood group A (%) 36 35.2 0.91 . . . . .
MED of corticosteroids. The median dose in this group was 110 mg
BMI, median (IQR) 29 (25-35) 31(27-37) 0.56 (IQR 92-130 mg) per day. This was compared to 965 patients who
Comorbidities (%) received a median dose of 39 mg MED (IQR 30-60 mg). In-hospital
Hypertension 80.8 79.0 042 mortality was still higher in this high steroid group (44.4% vs. 27.5%,
. . p<0.001). On adjusted analysis, in-hospital mortality was sig-
Congestive heart failure 39.9 36.7 0.22
nificantly higher in higher dose corticosteroids (OR 1.63; 95% ClI
IRz i i i ek 1.12-2.37, p=0.01). Higher doses of corticosteroids were also as-
Chronic obstructive 41.9 44.1 0.42 sociated with increased risk of HAI (OR 1.70; 95% CI 1.12-2.59,
pulmonary disease p=0.014) but not with decreased rates of mechanical ventilation,
End-stage renal disease 6.1 5.2 0.44 duration of mechanical ventilation, AKI requiring hemodialysis, and

Cirrhosis 10.3 13.1 0.12 readmissions.

Cancer 15.0 14.4 0.76

Alcoholism 2.8 2.5 0.68

Rheumatological disease 3.8 5.2 0.22 In this retrospective study, we report that corticosteroids at more
Home meds (%) than or equal to 40 mg MED were associated with higher in-hospital
) ) mortality after adjusting for multiple covariates including severity.
Anticoagulation 164 100 0.001 A dose more than or equal to 40 mg MED did not decrease the rate
NSAIDs 15.2 17.5 0.26 or duration of mechanical ventilation. Similarly, dosages more than or
COVID-19 medications (%) equal to 80 mg MED were also associated with higher in-hospital
Tocilizumab 10.9 16.6 0.004 mortality and did not improve rates or duration of mechanical ven-
§ tilation. Dosage more than or equal to 80 mg MED was also asso-

R ivi 75.1 82.4 0.001
emedesivir ciated with higher rates of HAls. The use of high-dose corticosteroids
Antic?agulation - 39.5 517 0.001 did not improve readmissions. To our knowledge, this is the largest
High dose retrospective observational study examining this question. This study
SOFA score at admission 1 (0-2) 1(0-2) 0.06 is designed to be hypothesis-generating and providing data for future
AC score at admission 13 (10-15) 12 (9-14) 0.31 RCTs. We have attempted to provide answers for multiple outcomes

Abbreviations: BMI, body mass index; COVID-19, coronavirus disease
2019; IQR, interquartile range; MED, methylprednisolone equivalent
dosing; NSAIDs, non-steroidal anti-inflammatory drugs; SOFA, Sequential
Organ Failure Assessment; VTE, venous thromboembolism.

*>1 mg/kg of enoxaparin a day or 7500 TID of heparin or higher.

of interest.

We started using corticosteroids universally for our patients who
required oxygen after initial reports from the RECOVERY trial.
We have only used methylprednisolone and dexamethasone in

COVID-19 patients. As there was no consensus over the dosing
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Total number of COVID19 admissions.
5204

EXCLUSIONS

FIGURE 1 Study design and definitions of
steroids. MED is methylprednisolone

equivalent dose (1 mg dexamethasone = 5 mg
methylprednisolone). Rationale for 1—did not

1. Did not receive steroids.

receive steroids. Rationale for 2—delayed
steroid treatment. Rationale for 3—got better

too quickly or died too quickly. Rationale for

2. Received steroids after 14 days.

4—received too little of a dose. COVID-19,
coronavirus disease 2019

3. Discharged/Died within 7 days of
admission.
2083

o 4. Received less than 10mg MED.

v

Number included in analysis.
1379

/\

Received <40mg MED. Received 240mg MED.
506 873

TABLE 2 ICU characteristics of COVID-19 patients receiving
steroids
Low dose High dose  p value
ICU, N (%) 214 (42.3) 592 (67.8) 0.001
SOFA score at ICU admission 2 (0-4) 1 (0-3) 0.01
Ventilator use *N (%) 50 (11) 201 (28.1) 0.001
Length of mechanical 7.5(2-13) 9 (4-17) 0.06
ventilation®, days
Lowest PF ratio 58 (49-73) 52 (45-62) 0.006
Required paralysis (%) 32 47.7 0.045
Inhaled vasodilators (%) 8 15.9 0.15
Tracheostomy (%) 12 17.4 0.35
Use of vasopressors
Required norepinephrine (%)  39.3 57.4 0.001
Required vasopressin (%) 21 31.6 0.003
Required epinephrine (%) 9.4 12.6 0.09
Required dobutamine (%) 4.7 6.6 0.30
Central venous catheters 271 45.6 0.001

Abbreviations: COVID-19, coronavirus disease 2019; ICU, intensive care
unit; SOFA, Sequential Organ Failure Assessment;.
*if received steroids > 2 days before intubation.

regimens, we left the decision to treating physicians. The proportion
of patients receiving the higher dose of corticosteroids did not
change through the study period (Figure S2).

Corticosteroids in ARDS have been subjected to several
RCTs. 8720 |n COVID-19, there is sufficient data to recommend its
use in patients requiring oxygen and those on IMV. However, the
answer to optimal steroid dosing is still elusive. The higher dose of
corticosteroids has been used in a few RCTs and the outcomes have
been mixed. CoDEX trial used 20 mg of dexamethasone (approxi-
mately 100 mg of methylprednisolone) for 5 days followed by 10 mg
for 5 days or until ICU discharge and found a decrease in ventilator-
free days but not mortality.” Using the same regimen, Jamaati et al.®
did not find any differences in outcomes. In a smaller RCT, pulse dose
steroid (250 mg x 3 days) was shown to improve mortality.>?? In
propensity-matched observational studies, there are reports of im-
proved survival’?> but not by others.?>?* We found significantly
higher odds of death with higher dose steroids. With mortality
averaging 32.6% in our study, this results in one excess death for
every six patients receiving high-dose steroids.

Lower dose corticosteroids apart from the RECOVERY trial have
failed to show any significant differences in mortality. In the MET-
COVID study, there were no differences in mortality at 28 days when
0.5 mg/kg of methylprednisolone was given twice for 5 days.® In the
CAPE COVID study, using 200 mg of hydrocortisone for 7 days fol-
lowed by tapering dose till 14 days did not result in significant
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differences in death or respiratory support.?®> Similarly, REMAP-CAP
did not show any improvement in mortality, but better odds of organ
support-free days.”® However, these were smaller studies, and few

were stopped early due to preliminary results from the RECOVERY

Both the type and dosage of corticosteroids used in studies for
COVID19 have varied widely. The largest trial to date—RECOVERY
trial, has used 6 mg of dexamethasone and has reported improved
mortality and rates of mechanical ventilation.® This dose is equivalent
to 20-30 mg of methylprednisolone. Though dexamethasone and
methylprednisolone have good glucocorticoid activities, there may be
subtle differences between them. Methylprednisolone has been re-
ported to achieve greater concentration in lungs when compared
with other corticosteroids.?” Draghici et al.?® analyzed changes in
gene expressions in COVID-19 lung to identify drugs to help hy-
perinflammation and found methylprednisolone to be more effica-

cious than dexamethasone or hydrocortisone. However, other

KUMAR ET AL
TABLE 3 Outcomes of COVID-19 patients receiving steroids
Low dose High dose  p value
Complications (%)
Acute stroke 3.2 54 0.057 trial.
Acute intracranial bleeding 1.8 2.4 0.44
Acute kidney injury 25.1 36.5 0.001
Acute renal failure requiring 5.1 7.8 0.06
hemodialysis
Venous thromboembolism 4.6 10.6 0.001
Blood transfusion 13 25.2 0.001
Hospital-acquired infections 6.1 15.2 0.001
Candidemia 1.2 3.6 0.009
In-hospital mortality (%) 18.6 40.7 0.001
28-day mortality (%) 17.2 39.8 0.001
LOS in survivors, median (IQR) 12 (9-18) 14 (10-23) 0.001

Time to death, median (IQR) 15 (11-24) 18 (12-26) 0.13

Disposition (%) 0.034
Home 36.1 39.0
Home with health 28.8 314
SNF/LTAC/Rehab 314 24.8
Others &7/ 4.9
Readmissions (%) 18.9 15.1 0.11
Death during readmission (%) 26.4 30.7 0.51

Abbreviations: COVID-19, coronavirus disease 2019; IQR, interquartile
range; LOS, length of hospital stay; LTAC, long-term acute care; SNF,
skilled nursing facility.

TABLE 4 Association of high dose steroids (240 mg MED) with
primary and secondary outcomes using IPRWA modeling

Odds
Outcome ratio 95%ClI p value
In-hospital mortality 2.14 1.45-3.13 0.001

Hospital associated infections  1.00 0.59-1.68 0.99

Candidemia 0.51 0.13-1.99 0.34

AKI requiring hemodialysis 0.34 0.18-0.63 0.001

Invasive mechanical 0.77 0.40-1.46 0.42
ventilation

Length of mechanical 0.18 -0.07 to 0.42 0.16
ventilation

Readmission 1.14 0.74-1.76 0.55

Abbreviations: Cl, confidence interval; IPRWA, inverse probability
weighted regression adjustment; MED, methylprednisolone equivalent
dosing.

studies such as molecular docking showed dexamethasone to be
better than other glucocorticoids in binding to the active site—
GLN498 of ACE2.?? In another study, hydrocortisone had the
strongest effect on ACE2 activation (Xiang). There have been no
head-to-head RCT comparing different corticosteroids. Thus, we
cannot conclude the superiority of one steroid over another. Our
assumption of similar beneficial activity among these two corticos-
teroids may be a limitation while interpreting the results.

Glucocorticoid's mechanism of action is mediated by the gluco-
corticoid receptor. Glucocorticoid receptor binds with glucocorticoids
in the cytoplasm and is then translocated to the nucleus where it
inhibits transcription of genes involved in leucocyte and endothelial/
epithelial cell activation and subsequent reduction of pro-
inflammatory cytokines, chemokines, and adhesion molecules. We
examined changes in inflammatory markers with standard and higher
doses of corticosteroids but did not observe significant changes in
rates of improvement in the two groups (Appendix). This may suggest
that a lower dosage is possibly sufficient to reduce inflammation and
a higher dosage may not be needed.

We have reported earlier that corticosteroids are associated with
increased risk of HAI in COVID19.%° In particular, at a higher dose
(280 mg MED), we found significantly higher rates of HAI in this
group. Corticosteroids have been shown to increase rates of read-
missions in small studies, but we did not observe this in our patient
population.®> Subsequent mortality during readmission was also
similar in the two groups.

The strength of our study is its large size; however, we ac-
knowledge important limitations. First, its single-center, observa-
tional and retrospective nature makes it susceptible to selection bias
and prevents us from assigning causation. We attempted to mitigate
this bias by including all hospitalized patients with COVID-19.
Although we have attempted to minimize confounders in treatment
outcomes through IPRWA modeling, residual confounding may have
still can prevent the capture of important unknown factors that affect
differences in outcomes. There were about 25% missing values with

respect to the inflammatory markers. These may have affected the
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precision of our estimates. We could not ascertain whether the
steroid regimen—both dosing and type, changed during hospitaliza-
tion depending on HAIs and changing severity of illness, and in-

flammatory markers.

5 | CONCLUSIONS

Corticosteroids more than or equal to 40 mg MED were associated
with higher in-hospital mortality. Higher dosages more than or equal to
80mg MED were also associated with increased mortality and de-
velopment of HAI. High-dose corticosteroids were not associated with
decreased rates or duration of mechanical ventilation or readmissions.
The use of the standard dose of steroids is suggested till further an-
swers from RCTs are obtained. We suggest adding the risk of venous

thromboembolism and acute kidney injury as secondary endpoints.
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