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Abstract 

Background: The successful management of patients infected with coronavirus disease 2019 (COVID‑19) with 
inhaled ciclesonide has been reported, however few studies have investigated its application among hospitalized 
patients.

Methods: This retrospective cohort study enrolled all adult patients admitted to our hospital with confirmed COVID‑
19 infection from May to June 2021. Critical patients who received mechanical ventilation within 24 h after admission 
and those who started ciclesonide more than 14 days after symptom onset were excluded. The in‑hospital mortality 
rate was compared between those who did and did not receive inhaled ciclesonide.

Results: A total of 269 patients were enrolled, of whom 184 received inhaled ciclesonide and 85 did not. The use of 
ciclesonide was associated with lower in‑hospital mortality (7.6% vs. 23.5%, p = 0.0003) and a trend of shorter hospital 
stay (12.0 (10.0–18.0) days vs. 13.0 (10.0–25.3) days, p = 0.0577). In subgroup analysis, the use of inhaled ciclesonide 
significantly reduced mortality in the patients with severe COVID‑19 infection (6.8% vs. 50.0%, p < 0.0001) and in those 
with a high risk of mortality (16.4% vs. 43.2%, p = 0.0037). The use of inhaled ciclesonide also reduced the likelihood 
of receiving mechanical ventilation in the patients with severe COVID‑19 infection. After multivariate analysis, inhaled 
ciclesonide remained positively correlated with a lower risk of in‑hospital mortality (odds ratio: 0.2724, 95% confi‑
dence interval: 0.087–0.8763, p = 0.0291).

Conclusions: The use of inhaled ciclesonide in hospitalized patients with COVID‑19 infection can reduce in‑hospital 
mortality. Further randomized studies in patients with moderate to severe COVID‑19 infection are urgently needed.
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Introduction
Coronavirus disease 2019 (COVID-19) has infected 404 
million people and caused 5 million deaths worldwide 
[1]. Several treatment options have been introduced, 
including systemic corticosteroids [2–4], remdesivir [5], 
tocilizumab [3, 6], enoxaparin [7], and traditional Chi-
nese medicine formula NRICM101 [8]. However, the 
effectiveness of these treatments is still under debate.

In the early months of the pandemic, Beurnier et  al. 
[9] reported a lower prevalence of asthma patients 
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hospitalized with COVID-19 compared to the gen-
eral population. There are several possible explanations 
for this finding. First, patients with asthma have been 
reported to have lower expressions of angiotensin-con-
verting enzyme 2 (ACE2), the putative viral entry recep-
tor for severe acute respiratory syndrome coronavirus 
2 (SARS-CoV-2) [10]. Second, chronic inflammation in 
asthmatic lungs caused by repeated epithelial insults may 
lead to a degree of immune tolerance, thereby restricting 
the development of the excessive inflammatory response 
in COVID-19 [11–13]. Third, it may be related to a pos-
sible protective effect of inhaled corticosteroids (ICS) [9, 
14–16].

Anti-inflammatory medications, and especially cor-
ticosteroids [3, 4], have become popular in manag-
ing patients with severe COVID-19 infection since the 
RECOVERY trial [17]. However, excess anti-inflamma-
tion may be detrimental for patients with milder dis-
ease [17]. Compared with systemic corticosteroids, ICS 
have milder systemic effects [18], and have been shown 
to be effective in shortening the time to recovery among 
patients with mild COVID-19 infection [19, 20]. Moreo-
ver, some studies have reported that corticosteroids may 
have anti-viral effects [21–24], and reduce the expres-
sions of ACE-2 and TMPRSS2 [24]. The successful 
management of patients with COVID-19 infection with 
inhaled ciclesonide has been reported [25–27], however 
results from larger patient groups have been controver-
sial or even suggested that ICS may be harmful [28, 29]. 
Although growing evidence supports the potential role 
of ICS in the treatment of patients with mild COVID-19 
infection and those who do not require hospitalization 
[19, 20, 30–35], the use of ICS in hospitalized patients 
remains controversial [36]. In 2020, we once success-
fully treated a patient with severe COVID-19 infection 
using inhaled ciclesonide [37]. Considering the limited 
therapeutic options during the pandemic, our institution 
then included it as a possible treatment for COVID-19 
infection. In this study, we retrospectively analyzed hos-
pitalized COVID-19 patients during the first wave of the 
pandemic (2021) in Taiwan and compared the effect of 
inhaled ciclesonide between those who did and did not 
receive treatment.

Materials and methods
Study design and patient selection
This study was a single-center, retrospective analysis. All 
patients admitted to Mackay Memorial Hospital with 
a diagnosis of COVID-19 from May 1st, 2021, to June 
30th, 2021, were enrolled. The patients were eligible for 
inclusion if they: (1) were ≥ 18 years of age, and (2) had 
a positive COVID-19 reverse transcription-polymerase 
chain reaction (RT-PCR) at the emergency department. 

Patients who were (1) previously treated, (2) transferred 
to/from another hospital, (3) had delayed ciclesonide 
treatment (time from symptoms to first ciclesonide treat-
ment > 14 days), and (4) received mechanical ventilation 
support on admission or within 24  h after admission, 
were excluded from the analysis. Their medical records 
were reviewed, and demographic characteristics, co-
morbidities, treatment received, and outcomes during 
hospitalization were collected. Severe COVID-19 infec-
tion was defined as pulse oximetry < 94% under ambient 
air or requiring supplemental oxygen at admission [38]. 
Patients at high risk of mortality were defined accord-
ing to Shang’s COVID-19 scoring system (CSS) as > 2 
points on the first day of admission [39]. This study was 
approved by the Institutional Review Board of MacKay 
Memorial Hospital (approval no. 21MMHIS330e) and 
the need for written informed consent was waived.

Treatment protocol at our hospital
After admission, all patients remained asymptomatic 
or had mild symptoms but did not require oxygen sup-
ply, only symptoms support measurements were applied. 
Pulse oximetry (SpO2) was monitored every 8  h in all 
patients. The patients with an  FiO2 ≥ 0.4 were treated 
with oral dexamethasone 6  mg/day and remdesivir 
if within 5  days of symptom onset. Inhaled cicleson-
ide three puffs (480 mcg) every 8 h was an option if the 
patients needed oxygen supply. Prophylactic enoxa-
parin 40  mg SC daily was given if the D-dimer level 
was > 1000  ng/ml or there was a high risk of develop-
ing thromboembolism. Traditional Chinese medicine 
NRICM101 was also an option.

If the patient’s condition continued to deteriorate and 
intubation with mechanical ventilator support was con-
sidered to be necessary, tocilizumab, an anti-IL-6 recep-
tor antibody, was given (8  mg/kg of ideal body weight, 
maximum 800 mg) once. A prophylactic dose of enoxa-
parin was also given if not previously prescribed (Addi-
tional file: 1).

Outcome measurements
The primary outcome was in-hospital mortality. The 
secondary outcomes included the use of supplemental 
oxygen, mechanical ventilation, duration of fever, and 
hospital stay. The time to mortality after admission was 
calculated, and the patients were followed until they died 
or were discharged.

Subgroup analyses by disease severity, including severe 
COVID-19 infection or risk according to Shang’s CSS 
score, were also performed. The risks of supplemental 
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oxygen, mechanical ventilation, duration of fever, and 
hospital stay were also analyzed.

Statistical analysis
Categorical variables were reported as number (percent-
age). The chi-squared test or Fisher’s exact test was used 
to compare the frequencies of categorical variables, when 
appropriate. Continuous variables with normal distribu-
tion were reported as mean ± standard deviation (SD), 
and non-normally distributed variables were reported as 
median (interquartile range [IQR]). The Shapiro–Wilk 
test was used to examine the normality of distribution of 
continuous variables. Two continuous normally distrib-
uted variables were compared using independent samples 
t-tests. The Mann–Whitney U test was used to compare 
two groups of non-normally distributed variables. For 
time-to-event analysis, the log-rank test and  Cox’s pro-
portional hazards model  were used to compare differ-
ences and effect size in the probability.

Variables with p < 0.05 in univariate logistic regression 
analysis were considered as confounders, and they were 
used in multivariable logistic regression analysis. All p 
values were two-sided, and a value < 0.05 was considered 
to be statistically significant. All analyses were performed 
using MedCalc version 20.014 for Windows (MedCalc 
Software Ltd, Ostend, Belgium).

Results
In total, 332 patients were diagnosed with COVID-19 
during the study period, of whom 63 were excluded (see 
Fig. 1 for details). Finally, 269 patients were enrolled for 
analysis, of whom 184 received inhaled ciclesonide and 
85 did not.

The median ages were 62.0 (55.0–71.0) and 62.0 
(50.8–74.5) years in the ciclesonide and non-ciclesonide 
groups, respectively (Table 1). There was no difference in 
gender distribution. Compared to the non-ciclesonide 
group, the ciclesonide group had less heart failure (1.1% 
vs. 12.9%, p < 0.0001) and chronic kidney disease (3.3% 
vs. 20.0%, p < 0.0001). Regarding baseline disease sever-
ity, the ciclesonide group were associated with more 
severe COVID-19 infection (64.1% vs. 40.0%, p = 0.0002), 
but were less likely to be categorized as high-risk using 
Shang’s CSS score (34.1% vs. 47.4%, p = 0.0431). The 
ciclesonide group received more oral/intravenous cor-
ticosteroids (90.8% vs. 55.3%, p  ≤  0.0001), remdesivir 
(44.0% vs. 28.2%, p = 0.0138) and NRICM101 (31.0% vs. 
7.1%, p < 0.0001) during hospitalization.

Regarding the primary outcome, the use of inhaled 
ciclesonide was associated with lower in-hospital 
mortality (7.6% vs. 23.5%, p = 0.0003) and more fre-
quent use of oxygen supplementation during hospi-
talization (84.8% vs. 60.0%, p < 0.0001). There was no 

Fig. 1 Flowchart of patient inclusion in the study
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significant difference in the duration of fever between 
the two group (2.0 (1.0–3.0) versus 2.0 (1.0–4.0) days, 
p = 0.1381). In the time-to-mortality analysis, the use 
of ciclesonide was associated with a significantly lower 
risk of mortality (hazard ratio: 0.47, 95% confidence 
interval [CI]: 0.23–0.95, p = 0.0344) (Fig. 2).

The use of inhaled ciclesonide, age, hypertension, dia-
betes, heart failure, chronic kidney disease, oxygen ther-
apy at admission, high risk Shang’s CSS score, treatment 
with systemic corticosteroids, and tocilizumab were 
related to in-hospital mortality in univariate analysis 
(Table 2). These factors were then entered into multivari-
ate analysis, which showed that inhaled ciclesonide was 
associated with a lower risk of in-hospital mortality (odds 
ratio: 0.2724, 95% CI: 0.087–0.8763, p = 0.0291) (Table 3).

In subgroup analysis (Table  4), the use of inhaled 
ciclesonide was associated with a significant reduction in 
mortality in the patients with severe COVID-19 infection 

(6.8% vs. 50.0%, p < 0.0001) and those with a high Shang’s 
CSS score (16.4% vs. 43.2%, p = 0.0037). Ciclesonide was 
also found to reduce the risk of mechanical ventilation 
use among the patients with severe COVID-19 infec-
tion (15.3% vs. 32.4%, p = 0.0259). There were more 
supplemental oxygen orders during hospitalization for 
the patients who received ciclesonide with non-severe 
COVID-19 infection (57.6% vs. 33.3%, p = 0.0095).

Discussion
Our results showed that the use of inhaled ciclesonide 
in hospitalized patients with COVID-19 infection, espe-
cially those with severe COVID-19 infection, was associ-
ated with lower in-hospital mortality. Inhaled ciclesonide 
also reduced the likelihood of mechanical ventilation in 
the patients with severe disease during hospitalization. 
However, inhaled ciclesonide did not shorten the hospital 

Table 1 Baseline characteristics, treatment and hospital outcomes of COVID‑19 patients treated with and without inhaled ciclesonide

COVID-19 coronavirus disease 2019; NA not applicable; Shang’s CSS Shang’s COVID-19 scoring system
a There were 179 versus 78 patients available to calculated Shang’s CSS risk score

Ciclesonide group (n = 184) No ciclesonide group (n = 85) p value

Age, years 62.0 (55.0–71.0) 62.0 (50.8–74.5) 0.9261

Sex (Male/female) 99/85 (53.8%/46.2%) 43/42 (50.6%/49.4%) 0.6239

Co-morbidities

Hypertension 73 (39.7%) 34 (40.0%) 0.9596

Diabetes 53 (28.8%) 25 (29.4%) 0.9188

Cardiovascular disease 13 (7.1%) 7 (8.2%) 0.7343

Heart failure 2 (1.1%) 11 (12.9%) < 0.0001

Chronic obstructive pulmonary disease 8 (4.3%) 4 (4.7%) > 0.9999

Organ transplantation 0 (0.0%) 0 (0.0%) NA

Chronic kidney disease 6 (3.3%) 17 (20.0%) < 0.0001

Malignancy 10 (5.4%) 6 (7.1%) 0.6013

Duration from symptoms to admission, days 5.0 (2.0–8.0) 3.0 (1.0–7.0) 0.0030

Fever 126 (68.5%) 59 (70.2%) 0.7730

Shang’s CSS  scorea 2.0 (1.0–3.0) 2.0 (1.0–4.0) 0.1723

High risk Shang’s CSS  scorea 61 (34.1%) 37 (47.4%) 0.0431

Severe COVID‑19 infection 118 (64.1%) 34 (40.0%) 0.0002

Treatment

Systemic corticosteroids 167 (90.8%) 47 (55.3%) < 0.0001

Remdesivir 81 (44.0%) 24 (28.2%) 0.0138

Tocilizumab 54 (29.3%) 16 (18.8%) 0.0679

Enoxaparin 62 (33.7%) 25 (29.4%) 0.4858

Traditional Chinese medicine formula NRICM101 57 (31.0%) 6 (7.1%) < 0.0001

Outcomes

In‑hospital mortality 14 (7.6%) 20 (23.5%) 0.0003

Supplemental oxygen during hospitalization 156 (84.8%) 51 (60.0%) < 0.0001

Mechanical ventilation 23 (12.5%) 12 (14.1%) 0.7144

Duration of fever, days 2.0 (1.0–3.0) 2.0 (1.0–4.0) 0.1381

Duration of hospital stay, days 12.0 (10.0–18.0) 13.0 (10.0–25.3) 0.0577



Page 5 of 10Kuo et al. BMC Pulmonary Medicine          (2022) 22:368  

Fig. 2 Kaplan–Meier curves of the cumulative probability of survival after admission in patients with COVID‑19 infection treated with or without 
inhaled ciclesonide. CI: confidence interval, HR: hazard ratio

Table 2 Univariate logistic regression analysis for in‑hospital mortality

COVID-19: coronavirus disease 2019; Shang’s CSS: Shang’s COVID-19 scoring system

Odds ratio 95% confidence interval p value

Inhaled ciclesonide 0.2676 0.1276–0.5612 0.0005

Age 1.0789 1.0455–1.1133 < 0.0001

Sex, male 1.0071 0.4899–2.0700 0.9847

Hypertension 3.2353 1.5251–6.8631 0.0022

Diabetes 2.4803 1.1914–5.1637 0.0152

Cardiovascular disease 2.5287 0.8556–7.4738 0.0934

Heart failure 32.2222 8.2954–125.1619 < 0.0001

Chronic obstructive pulmonary disease 1.4063 0.2947–6.7103 0.6689

Chronic kidney disease 11.1074 4.3914–28.0950 < 0.0001

Malignancy 1.6526 0.4457–6.1276 0.4524

Severe COVID‑19 infection 2.3622 1.0572–5.2780 0.0361

High risk Shang’s CSS score 13.9931 4.7086–41.5847 < 0.0001

Systemic corticosteroids 4.6593 1.0810–20.0825 0.039

Remdesivir 1.6705 0.8112–3.4398 0.1638

Tocilizumab 4.5699 2.1703–9.6229 0.0001

Enoxaparin 1.5534 0.7436–3.2454 0.2413

Traditional Chinese medicine formula NRICM101 0.8287 0.3424–2.0056 0.6769
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stay or time to symptom relief in these patients. In the 
patients with milder disease, the use of inhaled cicleson-
ide increased the risk of receiving oxygen therapy. But did 
not increase the risk of receiving mechanical ventilation 
support or mortality. Overall, inhaled ciclesonide was an 
effective treatment option for hospitalized patients with 
COVID-19 infection.

The rationale for the use of corticosteroids in patients 
with sepsis is to downregulate pro-inflammatory 
responses [40], however their use for severe sepsis or 
viral infection is controversial [41–43]. The ADRENAL 
trial reported no difference in primary outcome (90-day 

mortality) between hydrocortisone and placebo groups, 
but a shorter median time to resolution of shock, dis-
charge from the ICU, and cessation of mechanical ven-
tilation [44]. The DEXA-ARDS trial suggested that the 
early use of dexamethasone could reduce pulmonary 
and systemic inflammation in moderate to severe ARDS, 
thereby reducing overall mortality [45]. However, sup-
pressing inflammatory reactions was shown to poten-
tially increase the risk of developing secondary bacterial 
pneumonia in patients with influenza pneumonia [43]. 
In addition, alterations in immune reactions caused by 
corticosteroids in patients with SARS-associated corona-
virus infection have been suggested to lead to prolonged 
viremia and delayed viral clearance, ultimately increas-
ing the risk of mortality [42]. In severe COVID-19, as 
with other types of viral pneumonia, the host immune 
response is thought to play a key role in the pathophysiol-
ogy of organ failure. Signs of inflammatory organ injury 
with markedly elevated levels of inflammatory markers 
in severe COVID-19 patients have prompted the use of 
anti-inflammatory agents, including corticosteroids. 
However, the value of corticosteroids was uncertain [46, 
47] until the RECOVERY trial, in which the use of dexa-
methasone 6 mg/day resulted in lower 28-day mortality 
among patients receiving either mechanical ventilation 
or oxygen supplementation alone [17].

Concerns over the side effects of systemic corticoster-
oids still remain [48]. Unlike systemic corticosteroids, 
ICS treatment has minimal systemic effects, and the 
impact on COVID-19 infection in patients with asthma is 
still under debate [9, 28]. ICS treatment has been associ-
ated with decreased gene expressions of proteins ACE2 
and TMPRSS2 in type 2 alveolar cells, thereby reducing 

Table 3 Multivariate logistic regression model for in‑hospital 
mortality

COVID-19 coronavirus disease 2019; Shang’s CSS Shang’s COVID-19 scoring 
system

Odds ratio 95% confidence 
interval

p value

Inhaled ciclesonide 0.2724 0.0847–0.8763 0.0291

Age 1.0504 1.0004–1.1030 0.0481

Hypertension 0.8023 0.2547–2.5272 0.7067

Diabetes 1.3944 0.4669–4.1644 0.5514

Heart failure 9.7668 1.8968–50.2903 0.0064

Chronic kidney disease 1.5271 0.3673–6.3503 0.5604

Severe COVID‑19 
infection

0.7866 0.2385–2.5938 0.6933

High risk Shang’s CSS 
score

4.4695 1.1094–18.0056 0.0352

Systemic corticoster‑
oids

2.1265 0.2778–16.2771 0.4675

Tocilizumab 8.0628 2.5079–25.9221 0.0005

Table 4 Subgroup analysis according to disease severity and hospital outcomes between COVID‑19 patients treated with and 
without inhaled ciclesonide

COVID-19 coronavirus disease 2019; Shang’s CSS Shang’s COVID-19 scoring system

Severe COVID-19 infection Not severe COVID-19 infection

Ciclesonide (n = 118) No ciclesonide (n = 34) p value Ciclesonide (n = 66) No 
ciclesonide 
(n = 51)

p value

Initiated supplemental 
oxygen after admission

Not applicable 38 (57.6%) 17 (33.3%) 0.0095

Mechanical ventilation 18 (15.3%) 11 (32.4%) 0.0259 5 (7.6%) 1 (2.0%) 0.2301

In‑hospital mortality 8 (6.8%) 17 (50.0%) < 0.0001 6 (9.1%) 3 (5.9%) 0.7296

High Shang’s CSS risk Low Shang’s CSS risk

Ciclesonide (n = 61) No ciclesonide (n = 37) p value Ciclesonide (n = 118) No cicleson‑
ide (n = 41)

p value

Initiated supplemental 
oxygen after admission

9 (14.8%) 8(21.6%) 0.3865 27 (22.9%) 9 (22.0%) 0.9027

Mechanical ventilation 9 (14.8%) 8 (21.6%) 0.3865 14 (11.9%) 4 (9.8%) > 0.9999

In‑hospital mortality 10 (16.4%) 16 (43.2%) 0.0037 2 (1.7%) 2 (4.9%) 0.2738
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coronavirus replication, including SARS-CoV-2 [28]. 
ACE2 and TMPRSS2 are associated with viral cell entry, 
and are involved in binding of the spike protein and the 
beginning of viral infection [28, 49]. The STOIC trial 
evaluated the efficacy of inhaled budesonide in commu-
nity-dwelling individuals of all ages with early (symptom 
onset < 7  days) COVID-19, including 146 individuals 
with mild symptoms [19, 38]. The results showed that the 
budesonide group had a lower COVID-19-related urgent 
care visit rate, shorter clinical recovery time, and fewer 
days with a fever in the first 14 days than the usual care 
group. The trial concluded that budesonide was safe, with 
only 7% of the participants reporting self-limiting adverse 
events. However, the benefits on mortality of inhaled 
budesonide was not reported.

The PRINCIPLE trial enrolled 4,700 non-hospitalized 
participants > 65  years of age with suspected COVID-
19, and randomly assigned them to receive budesonide 
(n = 1073), usual care alone (n = 1988), or other treat-
ments (n = 1639) [20]. The budesonide group had shorter 
time to first recovery, however the hospital admis-
sion and mortality rates between the budesonide and 
usual care groups did not reach statistical significance. 
Two participants in the budesonide group and four in 
the usual care group had serious adverse events. In Al 
Sulaiman et  al.’s [36] study, the 30-day mortality rate 
was significantly lower in 65 patients who received ICS 
during ICU stay (HR: 0.53, 95% CI: 0.31–0.93, p = 0.03). 
However, in-hospital mortality, ventilator-free days, ICU 
and hospital length of stay were not statistically signifi-
cant between the ICS and usual care groups. Compared 
with these studies, we enrolled hospitalized patients with 
mainly moderate to severe COVID-19. Their average age 
was 62 years, and most had one or more comorbidities. 
Due to the nature of this non-randomized, retrospec-
tive study, inhaled ciclesonide was not prescribed for 
all patients according to protocol but at the physician’s 
judgement. In addition, the distribution of comorbidi-
ties was not even between groups. However, inhaled 
ciclesonide was still shown to reduce the in-hospital 
mortality rate after multivariate logistic regression analy-
sis. To the best of our knowledge, this is the first study 
to report that inhaled ciclesonide could reduce mortality 
in hospitalized COVID-19 patients. In the patients with 
severe COVID-19 at admission, using inhaled ciclesonide 
reduced the likelihood of receiving invasive mechanical 
ventilation during hospitalization, and this may explain 
its effect on the reduction of in-hospital mortality. How-
ever, further studies are needed to verify this speculation.

In contrast to the STOIC trial, we found no significant 
difference in symptom relief rate between the groups 
[19]. This may be due to differences in the definition of 
symptoms, as we only studied afebrile rate, which was not 

different between groups. A possible explanation is that 
our patients were more severe than those in the STOIC 
trial. In addition, the hospital stay in our study was not 
shorter than that in the PRINCIPLE trial [20]. A possible 
reason may be the discharge criteria in Taiwan, includ-
ing negative RT-PCR tests for two consecutive days [50]. 
The administrative regulations in Taiwan require RT-
PCR tests at fixed times after admission, which may have 
prolonged admission. Moreover, the natural course of 
SARS-COV-2 shedding is unknown [51], so it is not pos-
sible to arrange RT-PCR to confirm the readiness for dis-
charge. In the patients with milder severity at admission 
(no oxygen supplementation), the use of inhaled cicleso-
nide increased the risk of deterioration (requiring oxygen 
supplementation); but the likelihood of receiving invasive 
mechanical ventilation and in-hospital mortality were 
not different compared to those who did not use inhaled 
ciclesonide. Treatment with ICS may be harmful rather 
than beneficial in patients with mild disease severity [29]. 
This finding is similar with the RECOVERY trial [17], in 
which non-severe patients did not benefit and in some 
cases were harmed by steroid treatment. Shang’s CSS has 
been reported to effectively predict mortality [39]. In our 
study, inhaled ciclesonide benefitted patients with a high 
Shang’s CSS score in mortality but not in the likelihood 
of receiving mechanical ventilation. In contrast, there 
was no significant impact among the patients with a low 
Shang’s CSS score. Although the side effects of ICS are 
thought to be mild [19, 20, 28], our results suggest that 
the severity before initiating ICS may be important. Fur-
ther investigations are needed to clarify this issue.

Not all ICS are the same with regards to anti-inflam-
matory potency or inhibition of virus replication [48]. 
Matsuyama et  al. [23] found that inhaled ciclesonide, 
compared with other corticosteroids, blocked coronavi-
rus replication in a cell culture line with low cytotoxic-
ity. A randomized phase 2 trial conducted in Korea also 
found that inhaled ciclesonide shortened SARS-CoV-2 
viral shedding duration and may inhibit progression 
to respiratory failure in mild to moderate COVID-19 
[35]. During the early stage of the pandemic, some case 
reports from Japan described that COVID-19 pneumo-
nia could be improved after inhaled ciclesonide therapy 
[25–27], which is similar to our previous report [37]. 
However, the results from subsequent randomized con-
trol studies regarding inhaled ciclesonide are conflict-
ing. In Clemency et  al.’s [33] study of 400 symptomatic 
COVID-19 outpatients, the median time to alleviation 
of all COVID-19-related symptoms was not different 
between inhaled ciclesonide and placebo arms, although 
the inhaled ciclesonide group had fewer COVID-19-re-
lated emergency department visits and hospital admis-
sions. However, they enrolled relatively mild and young 



Page 8 of 10Kuo et al. BMC Pulmonary Medicine          (2022) 22:368 

(average 43.3  years) patients. The CONTAIN trial [34] 
was a phase II randomized controlled trial which com-
pared intranasal and inhaled ciclesonide with placebo in 
203 outpatients (average age 35 years), and reported no 
significant difference in the resolution of symptoms by 
day 7 between the ciclesonide and control groups. This 
suggests that inhaled ciclesonide may not be beneficial 
for healthy young COVID-19 patients [34]. In summary, 
our study is the first to report that inhaled ciclesonide 
could reduce in-hospital mortality among severe hospi-
talized COVID-19 patients.

The average age of our patients was 62 years, which is 
higher than in other similar trials [19, 20, 33, 34]. How-
ever, only our study was performed in hospitalized, severe 
COVID-19 patients. Al Sulaiman et  al. [36] recruited a 
similar age group (61.4 ± 14.7 years) of patients in an ICU 
who mainly used inhaled budesonide, but only 30  days 
mortality was significant. Differences in the steroids used, 
dosage and study outcomes between the studies make 
direct comparisons impractical. We suggest that ICS, not 
necessarily only ciclesonide, could play a role in manag-
ing moderate to severe COVID-19 patients, however fur-
ther well-designed studies are needed to clarify this issue.

This study has several limitations. First, it is a ret-
rospective observational study conducted at a single 
center. The choice to prescribe inhaled ciclesonide was 
made by the clinician in charge. Although we recom-
mend the timing of use as SpO2 < 94% on room air at 
sea level (defined as severe COVID-19), this differed 
among our colleagues due to concerns of side effects. 
Selection bias was also present, as reflected by the 
unbalanced comorbidity distribution between groups. 
However, multivariate regression analysis still sug-
gested a significant difference in reducing mortality 
with inhaled ciclesonide. Moreover, treatment recom-
mendations may explain the greater use of supplemen-
tal oxygen after admission in the ciclesonide group. 
More patients used oxygen in the ciclesonide group 
because the initiation of ciclesonide was suggested if 
the patients had SpO2 < 94%. We could not distinguish 
between the use of oxygen as a cause of disease or as 
a result of ciclesonide treatment. Second, during the 
study period, people in Taiwan were seldom fully vac-
cinated [52], and the Alpha variant was predominant. 
The applicability of our results to the omicron vari-
ant or vaccinated populations may need further study. 
Third, during the first wave of the pandemic in Taiwan, 
oral dexamethasone 6 g/day was the standard manage-
ment for severe COVID-19 [17]. Other anti-inflamma-
tory agents, such as anti-IL-6 could also be considered, 
and it was not necessary to use ICS. Univariate and 
multivariate logistic regression analyses revealed that 
inhaled ciclesonide, but not systemic corticosteroids 

was associated with lower in-hospital mortality. It is 
therefore reasonable that the balance between inflam-
mation and anti-inflammation is critical for septic 
patients. Fourth, we did not evaluate all scoring sys-
tems to distinguish the severity of COVID-19. How-
ever, two different classification systems both showed 
that inhaled ciclesonide reduced mortality in the severe 
group [38, 39]. Finally, due to the retrospective nature 
of the study, some biomarkers were not checked, and 
some data were missing on medical records. Therefore, 
we could not analyze the predictive value of the bio-
markers [53], smoking status [54], or when the symp-
toms subsided.

Conclusion
The use of inhaled ciclesonide in hospitalized patients 
with COVID-19 infection reduced in-hospital mortal-
ity and the likelihood of receiving invasive mechanical 
ventilation in those with severe COVID-19 infection. 
Further well-designed randomized control trials are 
indicated to validate our findings.
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