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Abstract

Background

More than six million people died due to COVID-19, and 10-15% of infected individuals
suffer from post-covid syndrome. Corticosteroids are widely used in the management of
severe COVID-19 and post-acute COVID-19 symptoms. This study synthesizes current
evidence of the effectiveness of inhaled corticosteroids (ICS) on mortality, hospital
length-of-stay (LOS), and improvement of smell scores in patients with COVID-19.

Methods

We searched Embase, Web of Science, PubMed, Cochrane Library, and Scopus until Aug
2022. The Cochrane risk of bias tool was used to assess the quality of studies. We
evaluated the effectiveness of ICS in COVID-19 patients through measures of mortality,
LOS, alleviation of post-acute COVID-19 symptoms, time to sustained self-reported cure,
and sense of smell (visual analog scale (VAS)).

Results

Ten studies were included in the meta-analysis. Our study showed a significant decrease
in the LOS in ICS patients over placebo (MD = -1.52, 95% CI [-2.77 to -0.28], p-value =
0.02). Patients treated with intranasal corticosteroids (INC) showed a significant
improvement in VAS smell scores from week three to week four (MD =1.52, 95% CI [0.27
to 2.78], p-value = 0.02), and alleviation of COVID-related symptoms after 14 days (RR =
1.17,95% CI [1.09 to 1.26], p-value < 0.0001). No significant differences were detected in
mortality (RR= 0.69, 95% CI [0.36 to 1.35], p-value = 0.28) and time to sustained
self-reported cure (MD = -1.28, 95% CI [-6.77 to 4.20], p-value = 0.65).

Conclusion

We concluded that the use of ICS decreased patient LOS and improved COVID-19-related
symptoms. INC may have a role in improving the smell score. Therefore, using INC and
ICS for two weeks or more may prove beneficial. Current data do not demonstrate an
effect on mortality or time to sustained self-reported cure. However, the evidence is
inconclusive, and more studies are needed for more precise data.

INTRODUCTION

In March 2020, the World Health Organization (WHO) de-
clared COVID-19 a pandemic. Despite public health inter-
ventions, COVID-19 spread persistently, and about 615 mil-
lion cases were diagnosed with more than six million
deaths.! COVID-19’s symptoms vary widely across patients
and range from mild (i.e., fever, fatigue, headache, and

cough) to severe (i.e., difficulty breathing, severe illness,
hospitalization, and death).2 Even after fully recovering
from the disease, many studies reported acute post-
COVID-19 symptoms such as fatigue syndrome, cognitive
impairment, dyspnea, anosmia and ageusia.3->

At the beginning of the pandemic, pharmacological ap-
proaches for the management of the symptoms of
COVID-19 were not defined. Several existing medications
were tried (e.g., Ivermectin, Remdesivir, hydroxychloro-
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quine) but were not proven beneficial in supporting
COVID-19 patients.®"8 In contrast, other medications (e.g.,
monoclonal antibodies) were shown to reduce the duration
of hospital length of stay (LOS) and mechanical ventila-
tion.%10 Finally, systemic corticosteroid therapies were as-
sociated with reduced mortality rates in hospitalized pa-
tients.1112  However, systemic therapy was not
recommended for noncritically ill patients!3 due to poten-
tial immunosuppression risks and systemic side effects.

Inhaled corticosteroids (ICS) and intranasal corticos-
teroids (INC) were also reported to be beneficial in the
treatment of COVID-19 patients. Several theories have
been proposed to explain their beneficial effects, including,
but not limited to, a reduction in the expression of proteins
responsible for the virus’s entry into the host cell,!4 a
downregulation of coronavirus genes,!> inflammatory
modularity actions and improved t-cell response and re-
duced epithelial cell damage.1®

Current evidence about ICS effectiveness in COVID-19
patients is mixed.17-19 A study by Ezer et al. concluded that
ICS and INC did not benefit COVID-19 patients.!8 Another
study by Ramakrishnan et al. reported that the early use of
ICS and INC reduced the time to recovery and medical care
needs.!7 Therefore, INC’s efficacy and safety are debatable,
and more reliable data are required to clarify the risk-bene-
fit ratio.

This review seeks to synthesize studies evaluating the
effectiveness of inhaled corticosteroids (ICS) and intranasal
corticosteroids (INC) on mortality, hospital length-of-stay
(LOS), and improvement of smell scores in patients with
COVID-19 (PICO question being P: COVID-19 patients; I:
Inhaled corticosteroids or Intranasal Corticosteroids; C:
Placebo; O: Mortality, Length of hospital stay, Improve-
ment of smell).

METHODS

The study was designed according to the Cochrane Hand-
book for Systematic Reviews of Interventions and reported
under the Preferred Reporting Items for Systematic Reviews
and Meta-analyses (PRISMA) guidelines.20,21

SYSTEMATIC LITERATURE SEARCH

A search was conducted in the following databases: Em-
base, Web of Science, PubMed, Cochrane Library, and Sco-
pus. The search was conducted from inception until August
27, 2022, using the following terms (COVID OR COVID19
OR “SARS-CoV-2” OR “SARS-CoV2” OR SARSCoV2 OR
“SARSCoV-2” OR “SARS coronavirus 2”) AND (“inhaled
corticosteroids” OR ICS). The complete search strategy is
provided (Supplementary Table 1).

ELIGIBILITY CRITERIA AND STUDY SELECTION PROCESS

We included randomized controlled trials (RCTs) that met
the eligibility criteria: 1) Population: patients infected with
COVID-19; 2) Intervention: treated with ICS or INC; 3)
Comparator: control; 4) treatment Outcomes: mortality,

hospital LOS, improved sense of smell, alleviation of
COVID-19 related symptoms, time to self-reported recov-
ery. Studies that did not report on at least one of the above
treatment outcomes were excluded. The titles and abstracts
of identified studies were reviewed for eligibility, and those
meeting the criteria were advanced to full-text review. The
systematic literature search was conducted by two authors
independently, and conflicts were resolved by including a
third author. References of the included trials were re-
viewed to identify additional relevant studies. Two authors
defined relevant study characteristics and then, working in-
dependently, extracted data. A third author validated the
outcomes of the extraction process.

QUALITY ASSESSMENT

Included studies were evaluated for bias using the Cochrane
Risk of Bias tool for RCTs (version 1).2! This tool prompts
critical assessment in the following domains 1) randomiza-
tion of the population; 2) allocation of arms; 3) participant
and investigator blinding; 4) assessment of outcomes and
their blinding; 5) detection bias and other biases. Judgment
can be a high, low, or unclear risk of bias. The GRADE ap-
proach was used to rate the certainty of evidence across in-
cluded studies.22

DATA EXTRACTION

We extracted 1) summary data and baseline characteristics
of the study’s populations, including Study ID, study arms
and the route of corticosteroid administration, study site,
age, follow-up, comorbidities, outcome measurement tools,
inclusion criteria; 2) outcomes data: mortality, LOS, visual
analog scale (VAS) of smell score, participants with allevi-
ation of COVID-19-related symptoms, and time to self-re-
ported recovery.

DATA SYNTHESIS

Data were analyzed using Review Manager (RevMan) soft-
ware version 5.4. In the case of dichotomous data, we pre-
sented data as risk ratios and 95% confidence intervals
(95% CI). Mean differences and 95% CI were used with con-
tinuous s data. Heterogeneity was tested using the chi-
square test and I-square test (I2). A significant difference
was reported if the p-value < 0.05. Data were considered
heterogenous if the p-value of chi-square < 0.1 and the I2
value was greater than 50%. We pooled data in the random
effects model if it were heterogeneous, while the fixed ef-
fect model was used for homogenous data. We performed
a subgroup analysis based on the weeks the data was re-
ported. We used the Cochrane leave-one-out technique
when we could not resolve the heterogeneity by leaving one
study out from the analysis.2!

RESULTS
LITERATURE SEARCH AND STUDY SELECTION

Based on our research strategy, we retrieved 2221 unique
articles. After title and abstract screening, 23 studies were
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Figure 1. PRISMA Flow chart.

suitable for full-text screening. Ten studies met our inclu-
sion requirements. The 13 excluded studies were non-RCT
study designs and failed to include the defined outcome
measures (see Figure 1).

STUDY CHARACTERISTICS

The ten included studies had a combined 3168 patients
with a mean age of 44. Two studies were conducted in the
United Kingdom, two in Iran, and one each from Egypt,
Syria, the United States, France, Canada, and Korea. In-
cluded studies had follow-up duration between one to four
weeks. Characteristics and outcomes of included studies are
presented in Table 1.

QUALITY OF THE INCLUDED STUDIES

Our included RCTs had a low to moderate quality regarding
the risk of bias assessment and the specific items and de-
tails in Figure 2. The GRADE assessment revealed very low

(m=2198)

to moderate overall evidence quality (see Supplementary
Table 2).

OUTCOMES
MORTALITY

Five studies included mortality as an outcome measure,18:
19,23-25 with a total sample of 2,414 patients. There was
no significant difference in mortality between the ICS and
placebo arms (RR= 0.69, 95% CI [0.36 to 1.35], p-value
0.28). These pooled studies were homogeneous (p-value
0.45, 12 = 0%). See Figure 3.

LENGTH OF STAY

Three studies reported data on LOS.23,25.26 Pooled analysis
of a sample of 261 patients showed a significant difference.
Patients receiving ICS had shorter LOS when compared to
those receiving the placebo (MD = -1.52, 95% CI [-2.77 to
-0.28], p-value = 0.02). We found homogeneity with a fixed
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Table 1. Characteristics and outcomes of included studies.

Study, Site

Abdelalim

2021, Egypt

Alsultan
2021, Syria

Clemency
2022,USA

Duvignaud
2022, France

Ezer 2021,
Canada

Study arms and their route, (N) Age, M(SD)year Female, n (%)
Intervention control Intervention control Intervention control
mometasone olfactory
nasal spray + L 23.83

olfactory traln(l;g)only, (13.36) 30.5(12.59) 26(52%) 28(56%)
training, (50)

o o0
budesonide(14) - supportive, ElCslenichicine
colchicine(14) 1) - : - 2252
9(64%)budesonide
" " 429 109
Ciclesonide,(197) Placebo,(203) 43.7(17.53) (16.28) 112 (56.9%) (53.7%)
Ciclesonide,(110) Placebo,(107) 65.67(0.75) 67.3(075) 52(47.3%) e
. " saline +

Ciclesonide 35.67 o 55

nasal(105) placebo 36.315.03 (13.54) 54 (51%) (56%)

nasal(98)

criteria

2. Confirmed case (+ve PCR)
3. Recovered/discharged (2 -ve

recent anosmia or hyposmia

1. 12 years of age and above
2. Positive SARS-CoV-2 rapid

immediate consideration for

experiencing symptoms of fever,
cough, and/or dyspnea., The

saturation level greater than

5. Ability to show adequate use

2. Positivity of a test proving an
acute SARS-CoV-2 infection

therapy, Age: greater than or

between 50 and 59 years of age,
and the presence of at least one
of the following risk factors:
Arterial hypertension, Obesity
(BMI 230 kg/m2), Diabetes,
Ischemic heart disease, Heart
failure, Stroke History, Chronic
Obstructive Pulmonary Disease

therapeutic origin (solid organ
transplant or hematopoietic
stem cell transplant, cancer

immunosuppressive therapy

1. Symptomatic adult patients
positive by PCR for COVID-19
within 5 days of enrollment with
fever, cough, or shortness of

Follow- Diabetes comorbidities VAS smell score Smell test score ,(M%SD)
up,
weeks Intervention control Intervention control Intervention control
1. Adults 18 yrs or older
patients
3 25
s 8 - . 2.5(343)
weeks (3.43) PCR)
4.02 suffered from sudden
less (7)colchicine -
than g 14 = = = = =
(5)budesonide
week
molecular diagnostic test
3. Patient is not currently
hospitalized or under
hospitalization
4weeks 22 8 - - - 4. Patient is currently
patient has an oxygen
93%.
of MDI Patient
1.7 days or less
3. Absence of criteria for
hospitalization or oxygen
equal to 60 years of age or
2 17 16 - - -
weeks
Stage 3 chronic renal
failure.Malignancies.,
Immunodeficiency of
chemotherapy,
2
weeks 1 4 ° ) )
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breath
2. Provision of Informed
Consent

Main outcomes

1. Improvement of
olfaction

1.I1CU/death

2. Discharge w/
readmission

3. Discharge w/
cure

1.Time to
Alleviation of
COVID-19-related
Symptoms by Day
30

1. Proportion of
participants who
had a moderate to
severe adverse
event

1. Proportion of
Participants With
no Symptoms of
Cough, Fever, or
Dyspnea

Conclusion

“Using mometasone furoate
nasal spray as a topical
corticosteroid in the treatment
of post-acute COVID-19
anosmia offers no superiority
benefits over olfactory training,
regarding smell scores, duration
of anosmia, and recovery rates”

“Using colchicine and
budesonide in moderate to
severe ARDS patients showed
better evolution of the disease,
which is observed by reduced
LOS and respiratory
deterioration in addition to
reduced mortality with
colchicine. Evaluation of these
drugs on ARDS induced by
COVID-19 may require early
employment and evaluation
therapy in ventilated patients”

“Ciclesonide did not achieve the
primary efficacy endpoint of
reduction of time to alleviation
of all COVID-19-related
symptoms. Future studies of
inhaled steroids are needed to
explore their efficacy in patients
with a high risk for disease
progression and in reducing the
incidence of long-term
COVID-19 symptoms or post-
acute sequelae of SARS-CoV-2."

“Inhaled corticosteroids showed
significant results to decrease
the proportion of participants

who had moderate to severe
adverse events and need for
COVID-19-related oxygen
therapy at home or death.”

“Combination of inhaled and
intranasal ciclesonide did not
show a statistically significant
increase in resolution of
symptoms among healthier
young adults with COVID-19 and
presenting with prominent
respiratory symptoms. Further
research is needed.”
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Study, Site

Hosseinpoor
2022, Iran

kasiri 2021,
Iran

Ramakrishnan
2021, United
Kingdom

Song 2021,
Korea

Yu 2021,
United
Kingdom

Study arms and their route, (N)

Age, M(SD)year

Female, n (%)

Intervention control
Mometasone cs;(;:}:g;
furoate nasal nasal
spray(35) rEEs)
sodium
Mometasone chloride
furoate(40) group
(0.9%),(40)
Budesonide dry usual
powder inhaler 69)
(70) care(69)
Ciclesonide
Metered Dose 2:'2(’(;2;
Inhaler,(35) g
Inhaled Usual

budesonide(833) care(1126)

Intervention control
32.23( 34.93
10.02) (12.39)
35.4(9) 33.2(8.5)
44(13) 46 (15)

44.9(17.9) 49.0(16.8)
64.7 (7.3) 63.8(7.8)

Intervention

24(68.5%)

19 (48.7%)

39(56%)

24(68.6%)

429 (52%)

control

21
(60.0%)

19
(50%)

41
(59%)

17(65.4)

586
(52%)

VAS smell score

Smell test score ,(M+SD)

Follow- Diabetes comorbidities
up,
weeks Intervention control Intervention
4
g 2 4 2(3.86)
4
weeks 1 0 5.2(2.3)
4
weeks e & °
2weeks 4 5 -
4 169 251 -
weeks

control

2
(3.86)

57
(1.6)

Intervention

6.33(10.05)

8.1(5.1)

control

5.67
(8.5)

7.9(5)

criteria

1. At day 0, patients should be at
home

1. Adults over the age of 18 with
adiagnosis of COVID-19 based
on clinical criteria

2. (presence of any symptoms of
cough, shortness of breath,
fever, and CT scan of the lung
for evidence of involvement
consistent with COVID-19
infection) or PCR and had an
olfactory dysfunction ( reduced
or loss of sense of smell) for two
weeks

1. Participant is willing and able
to give informed consent for
participation in the trial
2.Male or Female, aged 18
years or above New onset of
symptoms suggestive of
COVID-19 e.g. new onset cough
and/or fever, and/or loss of
smell or taste within 7 or fewer
days of the participant being
seen at visit 1

1. Patients with mild COVID-19
(NEWS scoring system 0-4)
Patient within 7 days from
symptom onset

2. Patient within 48 hours after
laboratory diagnosis (SARS-
CoV-2RT-PCR)

Main outcomes

1. Identification
Test (Iran-SIT)
with normal smell
function.

1.The
improvement of
the olfactory
score at the end of
the study.
2.Visual analog
scale (VAS) and
the University of
Pennsylvania
Smell
Identification Test
were used to
assess the primary
outcome.

1. Emergency
department
attendance of
hospitalization
related to
COVID-19

1. Rate of SARS-
CoV-2 eradication
at day 14 from
study enrollment

1. The trial
commenced with
the primary
outcome of
COVID-19-related
hospital admission
or death within 28
days.

Conclusion

“No significant difference in
olfactory dysfunction between
the two groups during follow-up.
However, based on the
significant between-group
difference in terms of olfactory
scores changes, it seems that the
nasal corticosteroids may be a
positive effect on the recovery
process of patients who received
more than 2 weeks.”

“The combination of
mometasone furoate nasal spray
and olfactory training have
significant results for
COVID-19-induced olfactory
dysfunction could increase the
recovery rate more than
olfactory training alone.

“Budesonide, an inhaled
glucocorticoid, appears to be an
effective treatment for early
COVID-19 infection

“Ciclesonide inhalation
shortened SARS-CoV-2 viral
shedding duration, and it may
inhibit the progression to acute
respiratory failure in patients
with mild-to-moderate
COVID-19"

“In COVID-19 patients at higher
risk of complications inhaled
budesonide improves time to

recovery, with a chance of also
reducing hospital admissions or

deaths (although our results did

not meet the superiority
threshold).”

Canadian Journal of Respiratory Therapy
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Figure 2. Summary of the risk of bias of the included
studies.

Green = low risk of bias, yellow = unclear risk of bias, red = high risk of bias.

model between the included studies (p-value = 0.71, 12 =
0%). See Figure 4.

INTRANASAL CORTICOSTEROID AND IMPROVEMENT IN
SENSE OF SMELL

Three studies examined the effects of INC on patients’ re-
covery of the sense of smell, measured across three differ-
ent time points after the initiation of INC.27-29

Week 1: Two studies2’28 reported this outcome in week
1 with a total sample of 177. Our analysis revealed no sig-
nificant difference between the INC group and placebo,
with (MD = 0.32, 95% CI [-1.21 to 1.84], and p-value = 0.68).
The results were heterogeneous in the random model (p-
value = 0.10, 12 = 64%). The heterogeneity was not resolved
even after the random effect model (see Figure 5).

Week 2: When evaluated at week 2, the pooled results
were insignificant across study arms,2”-29 with an (MD =
0.23, 95% CI [-1.32 to 1.79], and p-value = 0.77). The pop-
ulation of studies was 247. The heterogeneity could not be
removed with the random model or the leave-one-out tech-
nique (p-value = 0.06 12 = 65%). See Figure 5.

Weeks 3-4: The studies used in the analysis27-2% showed
no significant difference between the INC group and
placebo, with an (MD = 0.69, 95% CI [-0.86 to 2.23], and p-
value = 0.38). The heterogeneity was observed ( p-value =
0.03 12 = 71%). See Figure 5.

After we performed the leave-one-out technique, the
heterogeneity was resolved by removing Kasiri et al. with
a p-value = 0.83 and 1% = 0%.28 Our results became signifi-
cant with a sample size of 170, favouring the INC patients
over the placebo (MD = 1.52, 95% CI [0.27 to 2.78], p-value
=(0.02). See Supplementary Figure 1.

ALLEVIATION OF POST-ACUTE COVID-19 SYNDROME
SYMPTOMS

Six studies included data about the effect of ICS on post-
acute COVID-19 syndrome symptoms (body temperature
< 37.5C and reports of all following symptoms as minor
or none, with no subsequent relapse: asthenia, headache,
cough, retrosternal discomfort/pain, thoracic oppression,
thoracic pain, dyspnea, nausea, vomiting, diarrhea, abdom-
inal pain, anorexia, myalgia, or arthralgia).17-19:24-26 gyb-
grouping analysis was applied depending on the days of al-
leviation of symptoms on days seven and 14. Data on day
seven were insignificant, with a (RR = 1.10, 95% CI [0.98
to 1.23], and p-value = 0.11). The pooled data on day seven
were homogenous (p-value = 0.95, 12 = 0%). While on day
14, our results were significant in favour of the ICS group
over the placebo (RR = 1.17, 95% CI [1.09 to 1.26], p-value <
0.0001). All studies in this subgroup were also homogenous
(p-value = 0.24, 12 = 26%). In the comprehensive analysis,

Intervention Control Risk Ratio Risk Ratio
Study or Subgroup  Events Total BEvents Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
Alsultan 2021 g 14 T 21 3N.0% 1.07 [0.42, 2.71] m
Clemency 2022 0 187 o 203 Mot estimable
Diuwignaud 2022 0 102 2 98 141% 019001, 3.95) 4
Ezer 2021 0 105 1] 938 Mot estimable
Yu 2021 B Tar 10 799 5459% 0.61[0.22,1.67] L
Total (95% CI) 1205 1219 100.0% 0.69 [0.36, 1.35] ——ERRLRTe—
Total events 14 149
Heterogeneity: Chi®=1.60, df=2 (P=0458); F=0% 0 0 7 :

Testfor overall effect, Z=1.07 (P = 0.28)

Figure 3. Forest plot of Mortality.

Favours [experimental] Favours [control]
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Intervention Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Alsultan 2021 825 202 14 10 ) 21 B43% -1.75[3.11,-0.39]
Song 2021 19.1 77 35 195 T4 26 10.7% -0.40[-4.22, 3.42]
Yu 2021 1417 17.41 7o 143 1882 95  50% -013[-5.69, 543]
Total (95% CI) 119 142 100.0% -1.52[-2.77,-0.28] iR
Heterogeneity: Chi= 0.68, df= 2 (P = 0.71); F= 0% 54 52 X é i
Testfor overall effiect 2= 2.39 (F=0.02) Favours [experimental] Favours [control]
Figure 4. Forest plot of LOS (days)

intervention Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
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Ahdelalim 2021 1.5 4.099 a0 0.2 457 50 35.6% 1.30 [-0.40, 3.00] I L
Kasiri 2021 21 19 34 24 17 38 G61.4%  -0.30[-1.10,0.50] ——
Subtotal (95% CI) 89 88 100.0% 0.32[-1.21, 1.84] e (R
Heterogeneity, Tau®= 082, Chi*= 278, di=1 (P=010); F= 64%
Test for overall effect: Z=0.41 (P = 0.68)
1.1.2 Week 2
Ahdelalirm 2021 48 A.099 a0 25 AT 50 26.4% 2.30[0.18, 4.43] I
Haosseinpoor 2022 367 3.087 35 433 464 35 299%  -066[-2.51,1.19] e E—
Kasiri 2021 4 24 39 44 17 38 438%  -040[-1.33,053] ——
Subtotal (95% CI) 124 123 100.0% 0.23[-1.32, 1.79] i e
Heterageneity: Tau®=1.21; Chi*= 568, df= 2 (P = 0.06); F= 65%
Testfor overall effect: Z=0.30(F=0.77)
1.1.3 week 3-4
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Figure 5. Forest plot of improvements in smell scores (VAS smell score)

the studies were homogenous (p-value = 0.60, I2 = 0%). See
Figure 6.

TIME TO SELF-REPORTED RECOVERY

Only two studies were suitable for this estimate, with a col-
lective sample size of 307. Results revealed insignificant dif-
ferences (MD = -1.28, 95% CI [-6.77 to 4.20], p-value = 0.65).
The populations from the studies were heterogenous (p-
value = 0.0003, 12 = 89%), and the random model could not
resolve the heterogeneity (see Supplementary Figure 2).

DISCUSSION

This study demonstrates significant reductions in LOS and
improvements in select post-acute COVID-19 symptoms in
patients randomized to ICS treatment. On the other hand,
there is no significant difference between the ICS and
placebo groups in mortality and time to self-reported re-
covery measures.

After adjusting for heterogeneity, our results showed a
significant increase in VAS smell score in the INC groups
when measured in the third to fourth week. Anosmia is

one of the most prevalent post-COVID symptoms.25,30,31
The prevalence of smell problems among COVID-19 pa-
tients was 53.5%.32 While most anosmia patients recover
after a few months, a small percentage appears to have a
persistent smelling malfunction with severe clinical mani-
festations such as phantosmia or parosmia. Moreover, the
mechanism of anosmia after COVID-19 infection is still un-
clear.33 Olfactory cleft syndrome, early apoptosis of olfac-
tory cells, modifications to olfactory cilia and odour trans-
mission, an impact on olfactory bulbs, an injury to
epithelial olfactory cells, damage to olfactory neurons, or
issues with stem cells have all been suggested as possible
causes.30 Several treatments have been examined for their
effectiveness in treating this and other post-acute
COVID-19 symptoms. A longitudinal study found that
palmitoylethanolamide, luteolin treatment, and olfactory
training may improve memory and olfactory dysfunction.34
Theophylline was also tested for nasal irrigation; the re-
sults were inconclusive.3> Omega-3 is suggested for the
treatment as well.36

The literature reported using oral corticosteroids to treat
olfactory dysfunction.3”:38 Nevertheless, using nasal cor-
ticosteroids with post-covid anosmia is questionable, and

Canadian Journal of Respiratory Therapy 7


https://cjrt.ca/article/84260-inhaled-corticosteroids-effect-on-covid-19-patients-a-systematic-review-and-meta-analysis-of-randomized-controlled-trials/attachment/172432.png
https://cjrt.ca/article/84260-inhaled-corticosteroids-effect-on-covid-19-patients-a-systematic-review-and-meta-analysis-of-randomized-controlled-trials/attachment/172433.png

Inhaled corticosteroids' effect on COVID-19 patients: A systematic review and meta-analysis of randomized controlled trials

Intervention Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.3.1Day 7
Clemency 2022 28 197 29 203 28% 0.99 [0.62,1.61] S
Duvignaud 2022 13 107 13 104 1.3% 0.87 [0.47, 2.00]
Ezer 2021 42 104 34 93 35% 1.15[0.81,1.65] e
Ramakrishnan 2021 30 70 24 64 2.4% 1.23[0.81,1.88] b
Song 2021 19 38 15 26 17% 0.94 [0.60,1.47] | N
Yu 2021 272 787 262 838 253% 1.11 [0.96,1.27] ™
Subtotal (95% Cl) 1301 1338 37.0%  1.10[0.98, 1.23] S
Total events 404 T
Heterogeneity: Chi®=1.10, df= 5 (P = 0.95);, F= 0%
Testfor averall effect Z=1.58 (F=011)
1.3.2 Day 14
Clemency 2022 a1 197 7B 203 V5% 1.10 [0.86, 1.40] =
Duvignaud 2022 47 106 51 100 523% 0.87 [0.65,1.16] R e
Ezer 2021 B9 105 57 98 5.9% 1.13[0.91,1.40] 7 T
Ramakrishnan 2021 B3 70 48 69 48% 1.29[1.08,1.54] o
Song 2021 26 35 14 26 16% 1.38[0.92, 2.07] T
Y2021 446 Tar 384 833 3830% 1.211.10,1.33] -
Subtotal (95% Cl) 1300 1334 63.0%  1.17[1.09, 1.26] L 2
Total events 732 G40
Heterageneity: Chi*=6.78, df= 5 (P = 0.24), F= 26%
Test for overall effect Z= 4.21 (F = 0.0001)
Total (95% CI) 2601 2672 100.0%  1.14[1.07, 1.22] L
Total events 1136 17
Heterogeneity, Chi®=9.18, df= 11 (P = 0.B0Y; = 0% 055 t t é

Test for overall effect 2= 4159 (P = 0.0001)
Test for subagroup differences: Chif= 083, df=1 (P=0.36), F=0%

Fa'u'o.urs [cﬁntrol] Fa'muf‘s [experimental]

Figure 6. Forest plot of participants with alleviation of post-acute COVID-19 syndrome symptoms

many experts still recommend it. For instance, Kasiri et al.
concluded that combining ICS with olfactory training could
improve olfactory dysfunction more than olfactory train-
ing alone.?8 We removed Kasiri et al.28 from the analysis
by the “leave one out” method to resolve the heterogeneity
because it had different results from the other studies. So,
we need to do more studies that measure this outcome. Ad-
ditionally, Vaira et al. reported that a combination of oral
corticosteroids with inhaled ones reduces long-term anos-
mia.3? Furthermore, Singh et al. concluded that using INC
with triamcinolone oral paste significantly improved the ol-
factory and test function.4? At seven and 14 days, our three
studies27-2% found no statistically significant difference be-
tween INC patients and placebo in terms of scent improve-
ment. In contrast, INC patients considerably outperformed
the placebo group in weeks three and four. Our meta-analy-
sis demonstrated that the INC may increase the VAS smell
score, even though the individual studies’ findings were mi-
nor.

Rashid et al. mentioned that 83% of anosmia patients
recovered after 30 days.4! Therefore, our observations may
be attributed to the time passing, not the effect of INC.
Additionally, our mean age in the studies of INC patients
was 32.11, with an SD of 12.6. The mean age in the control
group was 31.6, with an SD of 11. Ruth et al. reported a sig-
nificant difference in smell improvement between patients
below 40 years old and above 40.42 Therefore, age also was
a strong confounder in our results. Our sample size was
relatively small, and many confounders can affect the re-
sults. Therefore, more studies with different treatment pe-
riods and patients of different ages are needed to eluci-
date this outcome and evaluate the available treatments for
this problem. Nevertheless, INC may positively impact pa-
tients’ recovery from anosmia after receiving them for three

to four weeks, and olfactory training was the standard solu-
tion with or without medications.

Our results confirmed that the alleviation of post-acute
COVID-19 symptoms (body temperature < 37.5C and re-
ports of all following symptoms as minor or none, with no
subsequent relapse: asthenia, headache, cough, retroster-
nal discomfort/pain, thoracic oppression, thoracic pain,
dyspnea, nausea, vomiting, diarrhea, abdominal pain,
anorexia, myalgia, or arthralgia) was significantly higher in
patients receiving ICS, after two weeks of treatment. These
results are compatible with the previous meta-analysis by
Chen et al.43 Furthermore, our sample size was larger than
Chen et al.43

ICS did not improve the mortality rate of hospitalized
COVID-19 patients. Five studies in the meta-analysis found
no significant difference in mortality between the ICS and
placebo groups.!819:23-25 Duvignaud et al. discussed that it
was difficult to conclude that ICS may improve the symp-
toms of COVID-19 patients or decrease the mortality rate
even in a larger population.24 These results are compatible
with the conclusion of the previous reviews, which sug-
gested that corticosteroids could not reduce the risk of hos-
pitalization or mortality in COVID-19 patients.44:45 More-
over, a retrospective study from Spain found that inhaled
corticosteroids did not decrease the mortality rate in
COVID-19 patients.46 To conclude, on the evidence avail-
able, ICS treatment does not reduce the mortality rates in
COVID-19 patients.

This meta-analysis demonstrated that ICS significantly
reduced LOS. However, we should consider these results
cautiously because they depend on three studies, two of
which reported non-significant results. Two studies25:26
showed no significant difference in LOS, while a third con-
cluded that the ICS reduced the LOS.23 These discrepancies
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may be attributed to each study’s inclusion and exclusion
criteria. For example, Song et al.26 only included mild to
moderate patients. Also, they excluded patients with less
than 95% oxygen saturation, immunocompromised pa-
tients, or patients with comorbidities. Furthermore, even
though Yu et al. included patients with comorbidities and
weakened immune systems, their trial was conducted re-
motely in primary care centers.25 Nevertheless, Alsultan’s
sample was isolated in hospitalized patients with less than
93% oxygen saturation plus other symptoms such as a res-
piratory rate of less than 30 per min or a CT scan with infil-
trate > 50%.23 Therefore, it is necessary to conduct further
research on this topic. As we have seen in the pandemic, re-
ducing the length of stay (LOS) in the hospital could also be
a lifesaving measure for many other patients. Inhaled corti-
costeroids (ICS) may have the potential to decrease the du-
ration of hospitalization by lowering the inflammation in
the body. 16 In vitro research has demonstrated that ICS has
antiviral effects through the downregulation of ACE2 and
TMPRSS2 gene expression, which have an essential role
in the virus’s entrance to the cell*’ and decreased SARS-
CoV-2 replication in epithelial cells of the airway.4® Our
study collected the evidence and concluded that ICS might
significantly lower LOSs.

Two studies examined the effects of ICS on time to re-
covery from COVID-19 symptoms.!723 Ramakrishnan et al.
reported a significant difference between the ICS and
placebo groups.!” At the same time, the meta-analysis
showed no significant difference between the ICS group and
the placebo. However, this outcome is very subjective, and
studies could not rely on it alone in the investigation. As a
result, studies with larger populations are needed.

LIMITATIONS

The studies included in our meta-analysis were at moderate
risk of bias, so higher-quality RCTs are warranted. We are
the first meta-analysis to investigate the VAS smell score,
mortality, and LOS outcomes. However, several limitations
can affect our analysis. First, pooling patients of different
health statuses may affect the data’s validity. Including six
unblinded RCTs may also affect the results by reporting
bias.1723-27 Secondly, the heterogeneity could not be re-
solved in the improvement of the VAS score and time-sus-
tained self-reported cure outcomes, leading to the placebo
effect and selection bias. Therefore, this could affect the
significance of the results regarding the clinical practice.
Third, studies in this meta-analysis were conducted in dif-
ferent waves of the COVID-19 pandemic, and patients had
different circumstances.

We recommend more RCTs on the effect of ICS and INC
in COVID-19 patients with larger sample sizes and longer

follow-up durations. Also, more RCTs should be done to
compare ICS and INC treatment with moderate and severe
COVID-19 infection in terms of efficacy and safety out-
comes.

CONCLUSION

We concluded that ICS significantly decreases patient LOS,
and INC may have a role in improving the smell score. The
ICS also enhances recovery from COVID-19-related symp-
toms. On the other hand, neither ICS nor INC affects mor-
tality rates or time to self-reported recovery. Our conclu-
sions should be interpreted with caution due to the mixed
results and small sample sizes of the included studies.
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