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Abstract

Background Previous studies have shown mortality benefits with corticosteroids in Coronavirus disease-19 (COVID-
19). However, there is inconsistency regarding the use of methylprednisolone over dexamethasone in COVID-19,

and this has not been extensively evaluated in patients with a history of asthma. This study aims to investigate

and compare the effectiveness and safety of methylprednisolone and dexamethasone in critically ill patients

with asthma and COVID-19.

Methods The primary endpoint was the in-hospital mortality. Other endpoints include 30-day mortality, respiratory
failure requiring mechanical ventilation (MV), acute kidney injury (AKI), acute liver injury, length of stay (LOS), ventila-
tor-free days (VFDs), and hospital-acquired infections. Propensity score (PS) matching, and regression analyses were
used.

Results A total of one hundred-five patients were included. Thirty patients received methylprednisolone, whereas
seventy-five patients received dexamethasone. After PS matching (1:1 ratio), patients who received methylpredni-
solone had higher but insignificant in-hospital mortality in both crude and logistic regression analysis, [(35.0% vs.
18.2%, P=0.22) and (OR 2.31; Cl: 0.56 - 9.59; P=0.25), respectively]. There were no statistically significant differences
in the 30-day mortality, respiratory failure requiring MV, AKI, acute liver injury, ICU LOS, hospital LOS, and hospital-
acquired infections.

Conclusions Methylprednisolone in COVID-19 patients with asthma may lead to increased in-hospital mortality
and shorter VFDs compared to dexamethasone; however, it failed to reach statistical significance. Therefore, it is nec-
essary to interpret these data cautiously, and further large-scale randomized clinical trials are needed to establish
more conclusive evidence and support these conclusions.
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Introduction

The symptoms experienced by patients infected with
Coronavirus disease-19 (COVID-19) may vary from
mild to severe which may lead to death [1]. The symp-
toms are mainly characterized by mild upper respira-
tory symptoms, fever, fatigue, pneumonia, and acute
respiratory syndrome [2]. The primary cause of mor-
tality among patients with COVID-19 is respiratory
complications [3]. Moreover, patients with COVID-19
and pre-existing comorbid diseases have worse disease
outcomes, including increased incidence of hospitaliza-
tion, intensive care unit (ICU) admission, and mortality
[4]. This risk increases in patients with asthma [5-7].
Since patients with asthma experience immune system
imbalance which leads to a chronic inflammatory con-
dition of the airways [8].

In critically ill patients, severe COVID-19 can
increase the systemic inflammatory response, result-
ing in a systemic hyperinflammatory state that can
cause a range of complications [1]. Therefore, corticos-
teroids have been utilized to treat patients with severe
acute respiratory distress syndrome (ARDS) due to
their ability to modulate the immune system. There
have been several studies that have proven the ben-
efit of corticosteroid use in patients with COVID-19
[9-11]. A retrospective study that assessed 201 patients
with COVID-19 found that the use of methylpredni-
solone significantly reduced mortality (HR, 0.38; 95%
CI, 0.20-0.72) [9]. Moreover, a meta-analysis including
20,197 patients with COVID-19 from 44 studies, found
that the corticosteroids group experienced a substantial
decrease in mortality rate [10].

Several studies compared the use of both dexametha-
sone and methylprednisolone in patients infected with
COVID-19 [12-14]. In a prospective study, the efficacy
of dexamethasone and methylprednisolone in moderate
to severe COVID-19 disease was found to be equal [12].
Another study compared the efficacy of methylpredni-
solone versus dexamethasone in hospitalized patients
with COVID-19 and reported that methylprednisolone
led to a shorter hospital stay, less need for mechanical
ventilation, and better clinical status on days 5 and 10
[13]. In addition, methylprednisolone and dexametha-
sone were compared in a retrospective study in ICU
patients with COVID-19 [14]. The study found that
methylprednisolone caused a greater reduction in mor-
tality in patients with COVID-19 who needed mechani-
cal ventilation when compared to dexamethasone [14].

As far as we know, few of these previous studies indi-
cated if any patients had a history of asthma along with
COVID-19 [12-14]. Meanwhile, there is inconsistency
about the benefit of methylprednisolone over dexa-
methasone in patients with COVID-19 [12-14]. The use
of systemic corticosteroids is more essential in patients
with asthma. However, the benefit of one systemic corti-
costeroid agent over another in patients with asthma and
COVID-19 has not been extensively evaluated. Therefore,
this study aims to compare the effectiveness and safety of
methylprednisolone and dexamethasone use in critically
ill patients with COVID-19 and asthma.

Methods

Study design

This study is part of the Saudi Critical Care Pharmacy
Research (SCAPE) platform, which conducted several
observational studies that evaluate the safety and effec-
tiveness of multiple therapies in critically ill patients [1,
15-20]. This study was a multi-center, retrospective
cohort study in adult critically ill COVID-19 patients
with known asthma who were admitted to the ICU in
five Saudi Arabian hospitals between March 1, 2020,
and July 31, 2021. Eligible patients were categorized
based on the type of corticosteroid therapy used during
their ICU stay into dexamethasone or methylpredniso-
lone. Reverse Transcriptase-Polymerase Chain Reac-
tion (RT-PCR) nasopharyngeal or throat swabs were
used to confirm the COVID-19 diagnosis. Asthma as
a comorbidity was labeled based on the patient’s chart
and documentation using the electronic medical record.
All patients were followed until they were discharged
or died during the in-hospital stay. The study protocol
was reviewed and approved by the Institutional Review
Board (IRB) at King Abdullah International Medical
Research Center (KAIMRC), Riyadh, Saudi Arabia (Ref.#
NRC23R-049-02).

Study setting

The research was carried out at five medical facilities
located in Saudi Arabia. Included centers were specifi-
cally chosen because they had advanced intensive care
unit (ICU) facilities and the capability to handle critically
ill patients diagnosed with COVID-19 effectively. Moreo-
ver, these centers adhered to the standardized national
COVID-19 management protocol established by the
Ministry of Health (MOH).
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The selection criteria for these centers included vari-
ous factors such as their geographic distribution, ensur-
ing representation from different regions within Saudi
Arabia. Additionally, the availability of electronic medical
records was considered, to facilitate efficient data collec-
tion and analysis for the study. Finally, the willingness of
the medical centers to actively participate in the research
was also taken into account, ensuring their commitment
and cooperation throughout the study; details of partici-
pating hospitals and the leading centers can be found in
the Supplementary file 1.

Study participants

All COVID-19 critically ill adult patients (age > 18 years)
who were admitted to the ICUs in the above centers and
within the mentioned period were assessed for eligibil-
ity. Patients were excluded if they did not receive either
dexamethasone or methylprednisolone, were not known
to have asthma, received corticosteroids after 24 h of ICU
admission, used methylprednisolone and dexamethasone
concurrently or sequentially, died within the first 24 h of
ICU admission, ICU length of stay (LOS)<one day, or
were labeled as "Do-Not-Resuscitate" within 24 h of ICU
admission (Fig. 1).

Data collection

A comprehensive compilation of medical records num-
bers (MRNs) for critically ill patients admitted to the
intensive care unit (ICU) with COVID-19 was obtained
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from the electronic health records of the collaborating
medical facilities. Subsequently, the patient’s eligibility
was evaluated based on predetermined eligibility criteria.
Following this assessment, a dedicated team of co-inves-
tigators from each center was responsible for entering the
gathered data into the Research Electronic Data Capture
(REDCap®) platform.

To ensure the accuracy and consistency of the col-
lected information, the research team leader at each
participating center regularly reviewed all the data. The
REDCap® platform was utilized for the collection of
various variables and data, encompassing demographic
information, comorbidities, baseline severity scores (e.g.,
APACHE 1II, SOFA), laboratory baseline (e.g., serum
creatinine, lactic acid, PaO,/FiO, ratio, inflammatory
biomarkers); details of data collected could be found in
Supplementary file 1.

Endpoint (s)

The primary endpoint was the in-hospital mortality.
Secondary endpoints include 30-day mortality, res-
piratory failure requiring MV, AKI, acute liver injury,
ICU LOS, hospital LOS, ventilator-free days (VEDs),
and hospital-acquired infections (bacterial/fungal)
(Supplementary file 1).

Statistical analysis
Patients who received dexamethasone therapy were
matched to patients who received methylprednisolone

2021

Critically ill patients admitted to ICU with confirmed COVID-19 between March 2020 and July

N=1592

N=105

Exclusion: N= 1487

- Age<18y/o (n=7)

- ICU length of stay (LOS) was < one day or death
within 24 hours of ICU admission (n=17).

- No code patients within 24 hours of ICU
admission (n=8).

- Not on corticosteroids or, received corticosteroids
other than methylprednisolone and
dexamethasone (n=11).

- Not known to have Asthma (n=1416).

- Late use of methylprednisolone or dexamethasone
after 24 hours of ICU admission (n=20).

- Using methylprednisolone and dexamethasone
concomitantly or sequentially (n=8).

Fig. 1 Eligibility criteria flowchart
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using Propensity score (PS) matching procedure (Proc
PS match). Greedy nearest-neighbor matching method
was used based on patient’s age, baseline SOFA score,
hypertension as a comorbidity, higher baseline FiO,
requirement, platelets count, and use of Tocilizumab
within 24 h of ICU admission.

One dexamethasone-treated patient was paired with
one methylprednisolone-treated patient (1:1 ratio).
Patients were matched only if the difference in the log-
its of the PS for pairs of patients from the two groups
was less than or equal to 0.1 times the pooled estimate
of the standard deviation (SD). We considered a P-value
of <0.05 to be statistically significant. The SAS software
was used for all statistical analyses (SAS Version 9.4, SAS
Institute Inc. Cary, NC, USA) (Supplementary file 1).

Results

Among 1592 critically ill patients with COVID-19 who
were initially screened, one hundred-five patients with
known asthma were included (Fig. 1). Methylpredni-
solone was given to thirty patients, whereas seventy-
five received dexamethasone. Table 1 summarizes the
baseline characteristics before and after PS matching
in patients who received methylprednisolone compared
with dexamethasone. Before PS matching, patients who
received methylprednisolone were younger (59.8 £13.7
vs. 65.9+13.8), had a lower A-A gradient, oxygenation
index, platelets count, alanine transaminase (ALT), and
CRP. On the other hand, patients in the control group
have a lower PaO2/FiO2 ratio, INR, and aspartate
transaminase (AST). However, in post-PS matching,
the two groups were comparable, except for gender and
baseline blood glucose level (Table 1).

Mortality

In crude analysis, asthmatic critically ill patients with
COVID-19 who received methylprednisolone were
associated with higher but insignificant in-hospital
mortality compared to dexamethasone (35.0% vs.
18.2%, P=0.22). Moreover, in logistic regression analy-
sis, the odds of in-hospital mortality were higher in the
methylprednisolone group compared to dexametha-
sone; however, the difference was not statistically sig-
nificant (OR 2.31; CI: 0.56 — 9.59; P=0.25). The 30-day
mortality was not statistically significant in crude anal-
ysis (31.6% vs. 14.3%, P=0.19) and regression analysis
(OR 2.36; CI: 0.51 — 10.86; P=0.27) (Table 2).

Ventilator free days (VFDs) and length of stay (LOS)
Patients who received early methylprednisolone had
shorter VFDs than the dexamethasone group; however,
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it did not reach statistical significance (-0.20; CI: -0.99 —
0.60; P=0.63). In addition, the ICU and hospital LOS dif-
ferences were not statistically significant between the two
groups [(0.34; CI: -0.10 — 0.77; P=0.13) and (0.06; CL:
-0.35 — 0.47; P=0.76), respectively] (Table 2).

Complication(s) during stay

Within the first 24 h of ICU admission in non-MV
patients, respiratory failure requiring MV was not sta-
tistically significant between patients who received early
methylprednisolone or dexamethasone (OR=1.24; 95%
CIL: 0.06 — 26.78; P=0.89), In addition, AKI and liver
injury were not statistically significant [(OR=1.36; 95%
CI: 0.37 — 4.94; P=0.65) and (OR=0.52; 95% CI: 0.04 —
6.24; P=0.61, respectively)]. The hospital-acquired infec-
tions were higher in the methylprednisolone group by
twofold compared to patients who received dexametha-
sone; however, statistical significance was not reached
(OR=2.38; 95% CI: 0.54 — 10.53; P=0.25) (Table 3).

Discussion

In this multicenter, retrospective study, we aimed to eval-
uate the use of methylprednisolone and dexamethasone
in critically ill asthmatic patients with COVID-19. The
use of methylprednisolone was associated with a statisti-
cally non-significant higher rate of in-hospital mortality
compared to dexamethasone Furthermore, we observed
shorter VFDs in patients who received methylpredniso-
lone compared to dexamethasone, but this did not reach
statistical significance.

The mortality benefit of dexamethasone has been well-
established in COVID-19 by many trials. On the other
hand, the benefits of methylprednisolone have been
observed in several studies. In the Metcovid trial, meth-
ylprednisolone vs placebo in COVID-19 patients was
found to have no impact on 28-day mortality [21]. How-
ever, patients who were > 60 years of age were found to
have a mortality benefit with the use of methylpredniso-
lone as those patients presented with a high CRP level.
Interestingly, the study reported a small number of
patients known to have asthma. This represented only
3.3% of the methylprednisolone group compared to 1.6%
in the placebo group which limits analyzing methylpred-
nisolone mortality benefit in this population.

Similarly, in a systematic review and meta-analysis
with 67% heterogeneity, methylprednisolone was asso-
ciated with 21-day and 28-day mortality reduction
compared to no glucocorticoid’s treatment in patients
with COVID-19 [22]. Most of the trials in the meta-
analysis reported presence of lung disease without
specification and only fifty patients were known to have
asthma. These observed outcomes correlated with a
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Table 2 Clinical outcomes of critically ill patients with COVID-19 after PS matching
Outcomes Number of outcomes/Total Odds Ratio (OR) (95%ClI) P-value $

number of patients

DEX mPRED P-value

(n=24) (n=24)
30-day mortality, n (%) 3(14.3) 1.6) 0.19** 2.36(0.51,10.86) 0.27
In-hospital mortality, n (%) 4(182) 7 (35.0) 0.22AN 231 (0.56,9.59) 0.25

beta coefficient (Estimates) (95%Cl) P-value $*

Ventilator free days, Median (Q1, Q3) 20.0 (4.00,25.00) 15.0(0.00,23.00) 0387 -0.20 (-0.99,0.60) 0.63
ICU Length of Stay (Days), Median (Q1,Q3) 13.0(6.00,21.00) 155(9.00,23.00) 0.537 0.34(-0.10,0.77) 0.13
Hospital Length of Stay (Days), Median 215(11.50,29.00) 19.5(15.50,29.50) 0.81A 0.06 (-0.35,047) 0.76

(Q1,Q3)

DEX Dexamethasone, mPRED Methylprednisolone

AWilcoxon rank sum test is used to calculate the P-value
AAChi-square test is used to calculate the P-value

$ Logistic regression analysis used to calculate OR and p-value

5" Generalized linear model is used to calculate estimates and p-value

Table 3 ICU complications during stay

Outcomes Number of outcomes/Total P-value Odds Ratio (OR) (95%Cl) P-value $
number of patients
DEX mPRED
(n=75) (n=30)
Respiratory failure requiring MV, n (%)° 1(20.0) 1(25.0) 0.86** 1.24(0.06,26.78) 0.89
Acute kidney injury, n(%)* 6 (25.0) 7(29.2) 0.75AN 1.36(0.37,4.94) 0.65
Liver injury, n(%)* 2(83) 1(4.2) 0.55%* 0.52(0.04,6.24) 0.61
Hospital acquired infection, n(%)° 3(125) 6(25.0) 0.27** 2.38(0.54,10.53) 0.25

DEX Dexamethasone, mPRED Methylprednisolone
2 Denominator of the percentage is the total number of patients
b Denominator of the percentage is the non-MV patients

AAChi-square test is used to calculate the P-value/** Fisher’s Exact teat is used to calculate P-value

%" Logistic regression is used to calculate the OR and p-value

reduction in inflammatory response with corticoster-
oids therapy as corticosteroids anti-inflammatory effect
may result in a faster recovery from lung damage and
a quicker symptom control in COVID-19 which may
explain methylprednisolone mortality benefit.

In our study, most of the patients required MV within
24 hours of ICU admission and we observed shorter
VEDs with methylprednisolone in comparison to dex-
amethasone without being a statistically significant
finding. In contrast, a prospective triple-blinded rand-
omized controlled trial where they compared the use
of methylprednisolone vs dexamethasone for hospital-
ized COVID-19 patients and found a significantly lower
need for mechanical ventilation with the methylpredni-
solone group [13]. Moreover, Badr et al.did a retrospec-
tive single-center study assessing methylprednisolone

in COVID-19-associated ARDS and found high VFDs
with no impact on mortality [23].

Methylprednisolone has a higher lung tissue concen-
tration-to-plasma and faster onset of action in com-
parison to dexamethasone which could make it more
potent in lung injury [24]. Moreover, plasma inflam-
matory markers in COVID-19 patients, such as CRP
and interleukin-6 (IL-6), have been shown to be signifi-
cantly lower after methylprednisolone use. However,
most of the patients in our study had shorter VFDs with
methylprednisolone compared dexamethasone with-
out being a statistically significant. In contrast, a pro-
spective, triple-blinded, randomized controlled trial
where they compared the use of methylprednisolone
vs dexamethasone for hospitalized COVID-19 patients
and found a significantly lower need for mechanical
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ventilation with the methylprednisolone group [13].
Moreover, Badr et al.did a retrospective, single-center
study assessing methylprednisolone in COVID-19-as-
sociated ARDS and found high VFDs with no impact
on mortality [13, 22-26].

In our study, we found that respiratory failure requir-
ing MV, AKI and liver injury to be not significantly dif-
ferent between those who received methylprednisolone
vs dexamethasone. On the other hand, hospital-acquired
infections were higher in the methylprednisolone group
by twofold compared to patients who received dexametha-
sone, but this was statistically non-significant and did not
affect ICU LOS or hospital LOS. In a systematic review and
meta-analysis done by Van Paassen et al,, it was observed
that secondary infections were reported in those with
higher antibiotic and steroids use; however, no data were
reported regarding the duration and type of steroids that
was associated with secondary infections [10]. Moreover,
in a retrospective study assessing secondary infection in
severe COVID-19 in patients who received tocilizumab and
dexamethasone vs dexamethasone alone. The Tocilizumab
group experienced a higher rate of secondary infection.
Similarly, in a retrospective single-center study, the combi-
nation of methylprednisolone and tocilizumab compared
to no methylprednisolone was found to be associated with
a higher rate of positive blood cultures [23]. In our study,
only nine patients received tocilizumab within 24 hours of
ICU admission 5 (20.8%) in the dexamethasone group vs 4
(16.7%) in the methylprednisolone group which may pre-
clude tocilizumab as a major factor in the increase in infec-
tions rate observed with methylprednisolone use [27].

Due to the lack of data regarding antibiotic usage and
duration in the current study, we were unable to associate
a history of antibiotic use to the elevated rate of infection
in COVID-19-infected asthmatic patients. Delay in viral
clearance, which has rarely been reported in our study,
could be a contributing factor. Furthermore, Van Paas-
sen et al. meta-analysis suggested that there might be a
delayed viral clearance and an increase in antibiotic use
and infection rate related to corticosteroid use which did
not result in longer hospital LOS or worsened mortality
outcomes. However, four trials included in the analy-
sis found equal viral clearance time with corticosteroids
compared to the standard of care. Therefore, delayed viral
clearance might be observed in subgroups of patients
based on dose, type, and timing of corticosteroid as well
as the severity of COVID-19 [10].

Our study has several of advantages, including the
use multiple centers and a comparative group. Addi-
tionally, we used propensity score matching to reduce
bias and create comparable groups.On the other hand,
there are various limitations on our study. The relatively
small sample size of this study may have made it more
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difficult to identify a meaningful difference between
the treatment groups, which is one of its main draw-
backs. Furthermore, as the study was retrospective in
nature, its results might be constrained by the presence
of residual confounders that weren't taken into account
in our PS approach. Additionally, the simultaneous use
of antibiotics with established anti-inflammatory prop-
erties and inhaled steroids was not examined.

Conclusion

The findings of this study suggest that the use of meth-
ylprednisolone in asthmatic critically ill patients with
COVID-19 may be associated with a non-significant
higher rate of in-hospital mortality and shorter venti-
lation-free days (VFDs) compared to dexamethasone.
However, caution should be taken into consideration
when interpreting these results, and further studies with
larger sample sizes are needed to validate and confirm
the findings of our study.
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