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ABSTRACT

Systemic glucocorticosteroids (sGCS) are widely used in the treatment of chronic inflammatory airway diseases such as rhinitis,

rhinosinusitis and asthma. It is well-known that systemic use is linked to multiple adverse effects (AEs) both in the short- and
the long-term. However, less is known about the safety of multiple short courses of sGCS. Currently there is no established
agreement on the acceptable cumulative exposure to sGCS, considering the potential for various AEs. This systematic review
and meta-analysis evaluated sGCS-related AEs in both upper and lower inflammatory airway disease, with a particular focus on

short- and long-term risks. We further evaluated whether a dose-response relationship existed between the daily and cumulative

dosages of sGCS and the occurrence of those AEs. Our meta-analysis confirmed that cumulative dosages between 500mgand 1g

prednisolone-equivalent significantly increase the risk of most AEs, with risks increasing with incremental dose. These findings
underscore the importance of: (a) judicious sGCS prescription and need for steroid stewardship, due to their potential for short-
and long-term complications, occurring even with repeated short courses, and (b) prioritization of steroid-sparing approaches

(e.g., biologicals) to avoid reaching a cumulative dose of 500 mg.

1 | Introduction

Chronic inflammatory airway diseases, including allergic rhi-
nitis (AR), chronic rhinosinusitis (CRS), and asthma, are highly
prevalent conditions worldwide [1] with a significant impact on
quality of life and healthcare costs [2-5].

The first-line treatment typically involves local corticosteroids,
often with bronchodilators in case of asthma [2, 6]. During ex-
acerbations and for severe cases, systemic glucocorticosteroids
(SGCS) are prescribed due to their potent anti-inflammatory
properties [7-9]. Although sGCS are known to rapidly alle-
viate symptoms, their effects are usually transient [10], often
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necessitating repeated courses or even continuous use in severe
patients. A recent systematic review demonstrated that 23%-—
92% of patients with severe asthma received a short course of
sGCS for exacerbations and long-term sGCS were prescribed in
20%-30% of patients [11]. Even 28.5% of AR patients were pre-
scribed sGCS [12].

In recent years, the arrival of biologics has revolutionized the
management of airway disease and they have demonstrated
significant corticosteroid-sparing effects [13, 14]. However, bi-
ologics are expensive, not universally accessible, and only in-
dicated for patients with severe, type-2 mediated disease. As a
result, a substantial group of patients continues to rely on sGCS
for symptom management. Unfortunately, long-term exposure
to sGCS is well-known to be associated with numerous adverse
effects (AEs) [15-18]. While most data on these risks come from
studies in conditions other than airway diseases, several studies
have shown increased AEs from long-term sGCS use in chronic
airway disease patients. Historically, physicians considered
short courses of sGCS relatively safe, but recent research in-
dicates that even short-term use may lead to AEs later in life
[19]. This shift in understanding highlights a critical need for
further investigation, particularly as repeated short courses of
sGCS are often used in clinical practice without a consensus on
the optimal dosing and treatment duration.

To bridge these gaps, a Task Force of the European Academy
of Allergy and Clinical Immunology (EAACI) conducted a sys-
tematic review (SR) with meta-analysis focusing specifically on
the sGCS-related AEs in patients with upper airway disease and
asthma. The SR aimed to provide reliable data on dose-dependent
associations for different AEs in order to propose recommenda-
tions for acceptable sGCS dosing regimens in clinical practice.

2 | Methods

The study protocol was registered on PROSPERO (registra-
tion number CRD42020155198) [20]. This systematic review
and meta-analysis was conducted and reported following the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) Harms [21].

2.1 | Study Inclusion Criteria and Outcomes

Peer-reviewed articles focusing on adults with upper airway
disease (UAWD) or asthma were eligible for inclusion if they
investigated immediate or delayed AEs in participants re-
ceiving sGCS (oral, intravenous or intramuscular) alone or
as add-on therapy to standard of care (SOC) compared to no
treatment, placebo, or SOC alone. As a primary outcome we
analyzed the occurrence of any immediate or delayed AE that
was linked to the use of sGCS in general. Secondary outcomes
were the occurrence of serious AEs and the exploration of a
dose-dependent association between either daily or cumula-
tive sGCS dosages and the occurrence of related AEs. More
details on the PICO questions and study inclusions are found
in the supplement.

2.2 | Definitions of AEs

After a panel discussion immediate AEs were defined as any AE
that occurred during a short course (<21 days) of sSGCS or within
3weeks after the end of a short course. Delayed AEs were de-
fined as AEs occurring during a long course (> 21days) of sGCS
or at least 3weeks after the end of treatment.

2.3 | Search Strategy

EL and SS searched MEDLINE, EMBASE, and CENTRAL
in October 2019, with an updated search in June 2023 and
September 2025. Details on the search strategy are presented in
the supplement annex 2.

2.4 | Study Selection

Titles and abstracts of the articles were screened, followed by
the full-text study by at least two authors (SS, EL, MB, and MD).
More information can be found in the supplement.

2.5 | Data Extraction Process

The data extraction form was designed in Covidence (Veritas
Health Innovation, Melbourne, Australia. Available at www.
covidence.org) to retrieve specific information related to the
PICO and items are listed in the Supplement. The data from
each paper were independently extracted by two authors (EL,
MB, MD or SS), and discrepancies were resolved after discus-
sion with the senior author (VH).

2.6 | Assessment of Risk of Bias in Individual
Studies

The quality assessment was completed independently by two
reviewers per study (SS, EL, MD), and discrepancies were dis-
cussed in a consensus meeting with the senior author (VH). For
randomized controlled trials, the Cochrane Risk-of-Bias (ROB)
tool Version 2 (RoB 2) was used [22]. For non-randomized stud-
ies, the Risk of Bias in Non-Randomized Studies of Interventions
(ROBINS-I tool) [23] was used.

2.7 | Data Analysis

When possible, a meta-analysis was conducted to calculate
the risk of AEs; otherwise, AE findings were summarized
in a narrative synthesis. All statistical analyses were per-
formed using RStudio. Because of the expected between-study
heterogeneity, random effects meta-analysis was applied to
combine estimated Odds Ratio's (ORs) of sGCS users versus
non-sGCS users and their standard errors (SE). A two-sided
p value <0.05 was considered statistically significant. A more
detailed explanation of the analysis is provided in the online
supplement.
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2.8 | Assessment of Heterogeneity

Information about the heterogeneity assessment can be found in
the supplement. Statistically we examined both I? (a value above
50% indicates substantial heterogeneity) [24] as well as 2, an es-
timate of the variance of the true effect sizes.

2.9 | Additional Analyses

The dose-dependent associations were assessed using either
daily or total cumulative sGCS dose. For the daily dosages, we
grouped our results into four dosing categories based on, and
slightly adapted from a publication on sGCS AEs in lupus patients
[25]: high exposure >10mg/d; medium exposure 5-10mg/d; low
exposure 1-5mg/d; very low exposure 0.5-1 mg/d. We also used
four categories for the assessment of the total cumulative sGCS
dose-dependent associations: high dose >10g; medium dose
5-10g; low dose 1-5g; and very low dose 0.5-1g. Information on
sensitivity analyses can be found in the supplement.

3 | Results
3.1 | Description of Studies
3.1.1 | Search Results

The searches up to September 2025 retrieved 19,674 records.
After removing duplicates, we screened 16,626 titles and ab-
stracts and removed 16,382 irrelevant records. We assessed 244
records for eligibility and excluded 207 studies. Finally, 37 in-
dividual studies were included in the SR. The flow diagram of
study retrieval and selection is provided in Figure 1.

3.1.2 | Included Studies

Twelve out of the fourteen prospective studies (eleven RCTs
[26-36] and one prospective cohort study [37]) reported on im-
mediate AEs. Two additional RCTs reported on AEs during or
immediately after a sGCS course of 4 weeks [38] or 6 weeks [39].
Based on clinical judgment, these studies were added to the im-
mediate AEs. Summarized characteristics of these studies can
be found in Table 1. For delayed AEs, the SR included twenty-
four large-scale retrospective cohort studies [40-62] The charac-
teristics of these studies are summarized in Table 2.

3.2 | Synthesis of Results

3.2.1 | Primary Outcome: Occurrence of AEs in
Patients Receiving sGCS vs. no sGCS

3.21.1 | Immediate AEs of Systemic GCS vs. no GCS

3.2.1.1.1 | Meta-Analysis. Five RCTs reported on
the occurrence of sleep disturbances in the immediate setting
[26, 27, 29, 34, 35]. Meta-analysis did not show a significant
difference between patients treated with short courses of oral
corticosteroids (OCS) compared to placebo [26, 29, 34| or nasal

steroids [27, 35] (OR 1.41, 95% CI 0.52-3.83) (Figure 2). Three
of these studies [29, 34, 35], together with two other RCTs [31,
36] investigated the presence of immediate gastrointestinal
disturbances after a short course of sGCS. Meta-analysis did
not demonstrate a significant difference between patients on
sGCS compared to placebo [29, 31, 34| or nasal steroids [35, 36|
(OR 1.24, 95% CI 0.60-2.60) (Figure 2).

3.2.1.1.2 | Narrative Synthesis. Four RCTs studied
the occurrence of adrenal suppression after OCS use [33, 36,
38, 39]. Two of them showed a significant reduction in morn-
ing serum cortisol levels after a two-week treatment with OCS
compared to local steroids in CRS and asthma respectively [33,
36]. Two other RCTs showed similar significant suppression
of the hypothalamic-pituitary-adrenal (HPA) axis after a lon-
ger OCS course of four [38] and 6 weeks [39] by using the ACTH
stimulation test in AR patients. Due to different assessment
techniques, a meta-analysis was not possible.

Berthon and colleagues investigated changes in appetite, dietary
intake, body weight or composition in a RCT in 60 asthma pa-
tients receiving ten days of 50mg prednisolone [26]. Objective
testing did not show significant differences compared to pla-
cebo. Three other RCTs in rhinosinusitis patients receiving
short courses of OCS, did find a lack of loss in appetite or change
in body weight, but did not use objective testing [27, 28, 34].

One prospective questionnaire-based cohort study studied im-
mediate psychiatric symptoms in 32 asthma patients during a
prednisolone course for at least 1week [37]. Authors found a
significant increase in mania, but not in depression, during the
first week of treatment. Subjects with past or current symptoms
of depression had a significant decrease in depressive symp-
toms during prednisone therapy compared with those without
depression. Two RCTs in CRS patients also asked about self-
reported mood swings after a short course of oral steroids and
did not report any differences with the placebo group [27, 28].

Three RCTs demonstrated increased reporting of headaches by
UAWD patients after a course of OCS compared to placebo [39]
or nasal corticoid sprays [29, 35], but three other RCTs in CRS
or asthma patients could not confirm this [27, 28, 33]. Chang
and colleagues were unable to demonstrate differences in mus-
cle weakness, blurred vision, diabetes type 2 control, blood pres-
sure, nervousness and water retention in CRS patients receiving
12days of postoperative prednisolone compared to placebo [27].
In the RCT performed by Zhang, two out of 31 CRS patients ex-
perienced elevated blood glucose levels and one patient reported
hip pain, while no patients in the nasal steroids groups showed
an AE [36]. McNamara found no difference in muscle pain in
asthma patients who received intramuscular methylpredniso-
lone compared to placebo [31], while the study by Berthon and
colleagues did find mild muscle weakness in subjects taking
OCS vs. placebo [26]. This last study also reported on a mild in-
crease in urinary frequency in asthma patients on prednisolone
compared to placebo [26].

3.2.1.2 | Delayed AEs of Systemic GCS vs. no GCS

3.2.1.2.1 | Meta-Analysis. Eleven studies investigated
the link between sGCS use and the occurrence of overall
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Studies from databases/registers (n = 19674)

Search MEDLINE+CENTRAL+ EMBASE 2019 (n =
9993)

Search MEDLINE+CENTRAL + EMBASE 2023 (n =
6321)

Search MEDLINE+CENTRAL+ EMBASE 2025 (n =
3360)

References from other sources (n =4)
Citation searching (n =4)
Grey literature (n =0 )

Identification

References removed (n = 3052)
Duplicates identified manually (n = 5)

!

Duplicates identified by Covidence (n = 1241)
Duplicated identified by Endnote (n = 1806)

Studies screened (n = 16626)

Search MEDLINE+CENTRAL+EMBASE 2019 (n=7804)
Search MEDLINE+CENTRAL+EMBASE 2023 (n=6000)
Search MEDLINE+CENTRAL+EMBASE 2025 (n =2822)

—=1 Studies excluded (n = 16382)

Studies sought for retrieval (n = 244)

—={ Studies not retrieved (n = 0)

!

Screening

Studies assessed for eligibility (n = 244)

Studies excluded (n = 207)

T

Studies included in review (n = 37)

Included

41 Wrong study design

38 Wrong outcomes

37 Wrong patient population
37 abstract only

22 WWrong comparator

14 Wrong intervention

9 Too little information

3 wrong language

6 Double publications

FIGURE1 | Study selection flow chart. PRISMA flow chart on study identification and selection process.

cardiovascular problems [41, 42, 46, 48, 49, 51, 53, 56-58, 60]
and analysis showed a significant risk increase in patients on
sGCS compared to placebo or SOC (OR 1.53, 95% CI 1.25-1.87)
(Figure S1). Five studies showed a significantly increased risk
for acute myocardial infarction (AMI) in patients treated with
sGCS (OR 1.30, 95% CI 1.19-1.42) [47, 53, 58, 60, 62] and five
studies demonstrated an increased risk for arterial hypertension

(OR 1.26,95% CI 1.04-1.52) [53, 56, 58-62]. No significant differ-
ences were found for dyslipidemia [53, 56, 58-62] and stroke [47,
53, 58-60, 62] (Figure S1).

Regarding bone metabolism, analysis of 16 studies in asthma
and UAWD patients showed a significantly increased risk for
developing osteoporosis in patients exposed to sGCS (OR 1.36,

4
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| (Continued)

TABLE 1

Assessment of
adverse effects

Primary study

Disease
studied

Individual results

Intervention outcome

Population

Study design

Study

Post-treatment serum
morning cortisol levels were
significantly decreased by

Adrenal function
was determined on

To compare the
efficacy and safety
of BIS administered

Either oral
methylprednisolone

Total number of

participants rN
patients of eosinophilic

RCT

CRSwWNP

Zhang et al.
2019

91

the basis of changes
in morning serum

24mg once a day

oral methylprednisolone
compared to BIS or BNS,

via transnasal
nebulization with

budesonide nasal

26) vs. budesonide

(n

CRSwNP randomized

cortisol levels.

inhalation suspension

85 were included

which did not significantly

The incidence of
adverse events (AEs)

(BIS) via
transnasal nebulization

in analysis.

Mean (SD) age OCS
group: 43.42 (SD 12.22)

alter the cortisol levels
- Only 12.9% (4/31) patients in

spray (BNS) and

experienced by
individual patients

oral steroids in
the management
of patients with

30) vs.

budesonide nasal spray

1mg/2mL (n

Mean (SD) age the OCS group demonstrated

nebulization group:

AEs, with 2 patients
experiencing elevated blood

glucose, 1 patient reporting

was also recorded

(BNS) (256 ug BID)
for 2weeks (n

ECRSwNP.

=29)

42.33 (SD 10.40)
Mean (SD) age
nasal spray group:

FU 2weeks

Co-intervention:

hip pain and 1 patient

ICS not reported

reporting gastralgia.
No AEs were reported

43.14 (SD 11.00)

in either group BIS or
BNS during the study

95% CI 1.15-1.62) [40, 45, 47-50, 52-56, 58-62] (Figure S2).
Additionally, the risk of bone fractures was significantly
higher in patients using sGCS compared to non-sGCS users
(OR 1.48, 95% CI 1.31-1.67) as documented in ten studies
[42, 44, 45, 48, 51, 53, 56, 58, 60, 61] (Figure S2).

Regarding gastro-intestinal AEs, four studies showed a signif-
icant increase in dyspepsia in asthma patients that received
sGCS (OR 2.68, 95% CI 1.13-6.36) [42, 56, 60, 62]. For peptic
ulcers, seven studies (six in asthma [49, 53, 58, 60-62], one in
CRSWNP [48]) showed that patients using SGCS have a signifi-
cantly increased risk of developing peptic ulcers compared to no
sGCS use (OR 1.28, 95% CI 1.15-1.41) (Figure S3).

Concerning ophthalmological complications, eight stud-
ies in asthmatics looked into the incidence of cataract
[49, 53, 58, 60, 61, 62], while six of them reported also on glau-
coma [49, 53, 58, 60, 61, 62]. Our analysis showed a significantly
increased risk of developing cataract in patients on sGCS (OR
1.18, 95% CI 1.05-1.32), while the sGCS-related risk increase
for glaucoma was not significant (OR 1.13, 95% CI 0.96-1.32)
(Figure S4).

Eight studies in asthma patients were included in the meta-
analysis on diabetes [42, 47, 50, 51, 56, 60-62], showing a sig-
nificantly increased risk in patients that received sGCS (OR
1.20, 95% CI 1.08-1.33) (Figure S5). Five studies in asthmatics
[49, 50, 53, 60, 62] and one study in CRSwWNP [48] reported
on pneumonia, showing a significantly higher risk in pa-
tients receiving sGCS than those who did not (OR 2.14, 95%
CI 1.56-2.94) (Figure S5). Regarding psychological impact,
we included six studies in asthmatics that reported on the oc-
currence of anxiety and depression [42, 51, 57, 58, 60, 62] and
demonstrated a significantly increased risk in the sGCS group
compared to no sGCS (OR 1.35, 95% CI 1.17-1.55) (Figure S5).
Lastly, three studies also reported on sleep disorders (sleep
apnoea/insomnia) [49, 56, 60], finding an increased risk in
asthma patients that were treated with sGCS (OR 1.49, 95%
CI 1.26-1.75) (Figure S5). Figure 3 depicts the summary of
the results of the meta-analyses on the delayed AEs related
to sGCS use.

3.2.1.2.2 | Narrative Synthesis. Eight studies looked at
the occurrence of ‘any sGCS-related AE’ as a separate outcome
and each of them showed a significant increase in this risk, both
in asthma [46, 49, 51, 54, 55, 61, 62] and CRSWNP patients [48].
Because the types of AEs investigated were not consistent across
studies, no meta-analysis was carried out.

Three studies also looked into the occurrence of osteopenia, but
because of different read-out measures, could not be included in
the meta-analysis. The studies by Barry and Li both identified a
significantly higher level of osteopenia in patients on high dose
of sGCS compared to no sGCS [42, 52]. Sweeney et al. confirmed
this finding, but only in one out of two analyzed databases [56].

Four studies reported on the risk for developing ‘infections’ that
were not specified as pneumonia and were addressed as either
‘acute infections’ [51, 60], ‘severe infections’ [43] or ‘respiratory
tract infections’ [40]. The first three studies were in asthmat-
ics and found a significantly higher occurrence in patients in
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the high dose sGCS group [43, 51, 60], the last included AR pa-
tients and found no differences between the different treatment
groups [40]. No meta-analysis was performed due to the differ-
ent definitions of infections.

Two papers reported on a significantly increased incidence of sep-
sis [58, 62] and adrenal insufficiency [54, 58], and three papers on
a significantly increased incidence of avascular necrosis [58, 62]
and adrenal insufficiency [54, 58]. Single papers demonstrated sig-
nificantly higher risks of tendon rupture [40], unspecified muscu-
loskeletal/connective tissue problems [57], and nutritional issues
[57]. One observational study in asthmatics found no reports of
Cushing in all sGCS groups and controls. The same study also
looked into skin problems and reported a significantly increased
incidence with higher sGCS dose. One single nested case—control
study from the UK found an increased risk of venous thrombo-
embolism in asthma patients receiving sGCS compared to pa-
tients without sGCS treatment [41]. One Finnish database study
in asthma patients reported on increased risks of heart failure and
atrial fibrillation with all OCS dosages [50].

3.2.2 | Secondary Outcomes

3.2.2.1 | Serious AEs. No evaluation of serious AEs could
be performed due to lack of reports in the prospective studies
and lack of reporting on hospitalization or mortality due to
AEs in the retrospective studies. This is explained in detail in
the online supplement.

3.2.2.2 | Association Between sGCS Dosages and Adverse
Event Risk

3.2.2.2.1 | Dosages Calculated as a Cumulative
Dose. Nine retrospective studies reported on various cumula-
tive sGCS dosage groups over longer time-spans; eight in asth-
matics [43, 45, 49, 50, 53, 54, 56, 60] and one in CRSWNP patients
[48]. A graphical summary of the results of the meta-analyses is
provided in Figure 4. Table 3 presents ORs with 95% CI for each
AE by dosage group.

We found an association between cumulative sGCS dosages
and the risk of multiple AEs, evident even at the very low
dose (0.5-1g prednisolone-equivalent). Seven papers reported
on cardiovascular diseases [43, 49, 53, 54, 56, 60] and analy-
sis showed a significantly increased risk at the lowest dosage
which gradually rose with higher dosages (Figure S6). This in-
cremental dose-dependent association was also confirmed and
even stronger for osteoporosis [43, 45, 49, 50, 53, 54, 60] and
pneumonia [43, 48-50, 53, 60] (Figures S7 and S8). For diabetes
[43, 49, 50, 53, 54, 60], renal complications [49, 53, 60], and cat-
aract [43, 49, 50, 53, 56, 60], we found a dose-dependent associa-
tion with increasing cumulative sGCS doses, already significant
at the very low dose (Figures S9-S11).

Regarding anxiety/depression, we also found a significant
association [43, 48, 49, 53, 56, 60], but only at the very low
dose and the low dose of sGCS (Figure S12). For peptic ul-
cers, the risk in all dosage groups was significantly increased
[43, 48, 49, 53, 60] with the exception of the high dose group
(Figure S13). For both anxiety/depression and peptic ulcer,

ORs increased at higher doses but were not significant,
possibly due to heterogeneity between the two studies. For
glaucoma, a dose-dependent risk was observed and was statis-
tically significant across all dosages except the very low dose
[43, 49, 53, 56, 60] (Figure S14).

For dyslipidemia, myocardial infarction, sleep disorders, and ar-
terial hypertension, meta-analysis was not feasible for medium
and high doses due to limited data. No significant risk increase
was observed for dyslipidemia [53, 56, 60] or acute myocar-
dial infarction [53, 60] at any dosage, whereas sleep disorders
[49, 56, 60] and arterial hypertension showed a dose-dependent
association at very low and low sGCS doses [43, 53, 56, 60]
(Figures S15-S18).

3.2.2.2.2 | Dosages Calculated as a Mean Daily Dose. In
a second dose-response analysis, results from fourteen studies
across various outcomes were pooled to assess dose-dependent
associations with (recalculated) mean daily sGCS doses [42,
44-48, 50, 51, 53, 56, 57, 60-62]. Results are discussed in
the supplement.

3.3 | Risk of Bias Within Studies

The ROB assessment for the 12 RCTs revealed variability in
methodological rigor. The ROB assessment for the 25 non-
randomized studies revealed a serious ROB for the majority of
the studies. This is because most of these studies were large-
scale retrospective analyses involving thousands of patients
from national databases. A more detailed discussion on ROB
can be found in the supplement. Individual ROB results and
summary plots are depicted in Figures 5 and 6.

3.4 | Subgroup and Sensitivity Analyses

Sensitivity analysis based on disease type and study quality
did not significantly alter any of the results on immediate nor
delayed AEs. We were unable to perform a sensitivity analysis
based on administration route. Sensitivity analysis by study type
was not indicated. These analyses are explained in depth in the
supplement.

4 | Discussion

Due to their potent anti-inflammatory effects, sGCS are widely
used in the management of inflammatory airway diseases.
However, their use is associated with significant AEs. This SR
with meta-analysis revealed a substantially increased risk for
a broad range of sGCS-induced, predominantly delayed, AEs.
Notably, our meta-analysis demonstrated that for several AEs,
the risk became significantly elevated at cumulative dosages
as low as 0.5-1g prednisolone-equivalent. The risk escalated
progressively with higher cumulative doses, indicating a dose-
dependent association. Our findings underscore the urgent need
for robust steroid stewardship in airway disease, ensuring that
systemic corticosteroids are prescribed only when clearly indi-
cated, at the lowest effective dose, and with careful monitoring
of cumulative lifetime exposure.
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4.1 | sGCS Use Associated With Diverse AEs

Regarding immediate AEs, adrenal suppression emerged as
a significant concern. In our meta-analyses that included re-
sults from seven different studies, sleep and gastrointestinal
disturbances in the immediate setting did not differ between
patients on sGCS-treated and placebo/SOC. However, it should
be noted that this was based on self-reporting or questionnaires
and might therefore be underestimated. Immediate neuropsy-
chiatric effects were also documented by one prospective co-
hort study. Individual studies anecdotally reported increases in
blood glucose levels, self-reported headaches, loss of appetite,
and hip pain.

Regarding delayed AEs, our meta-analysis revealed associations
between sGCS exposure and the following AEs, when compared
to placebo, no treatment or SOC: pneumonia, overall cardiovas-
cular diseases, bone fractures, sleep disorders, osteoporosis,
anxiety/depression, acute myocardial infarction, peptic ulcer,
arterial hypertension, diabetes, and cataract. Although the risk

(A) Sleep disturbances

was also increased for glaucoma, dyslipidemia, and stroke, it
failed to reach statistical significance.

4.2 | Cumulative Dose-Response Effect of sGCS
on AEs

This SR focused on the exploration of cumulative dose-
dependent associations rather than dose-dependent associa-
tions for mean daily dosages due to the higher quality of the
included studies and the higher relevance for our patient popu-
lation. Remarkably, cumulative sGCS exposure was associated
with a significantly increased risk of developing overall car-
diovascular diseases, osteoporosis, pneumonia, diabetes, renal
complications, cataract, anxiety/depression, peptic ulcer, sleep
disorders, and arterial hypertension at cumulative sGCS doses
as low as 0.5-1g of prednisolone-equivalent. Translating the
data from Voorham et al. the median prednisolone-equivalent
dose per sGCS course in the UK was 200 mg per prescription
[59]. This suggests that only two to five short sGCS courses
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FIGURE2 | Meta-analysis of immediate AEs associated with sGCS use. Meta-analysis of risk for immediate AEs associated with sGCS use. Forest

plots of the study-specific odds ratios (ORs) for (A) sleep disturbances and (B) gastro-intestinal disturbance during or shortly after a short course of

sGCS compared to placebo or no treatment. Each dot represents the OR of the respective study together with a 95% confidence interval (CI). The size
of the box represents the weight of the study in the meta-analysis. Weights are from random effects analysis. The two larger diamonds represent the

pooled effect estimate (+ 95% CI) for the 2 AEs.
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FIGURE 3 | Meta-analysis of delayed AEs associated with sGCS use. Summary of meta-analyses of delayed AEs associated with sGCS use com-

pared with no sGCS use. Each dot represents the OR of the respective pooled effect estimate together with a 95% confidence interval (CI). The sepa-

rate analyses are provided in the online supplement.

over a lifetime can be associated with a significantly increased
risk for the above-mentioned AEs. Moreover, the ORs for these
AEs increased with higher cumulative doses. These findings
indicate a dose-response association between sGCS exposure
and these outcomes, suggesting that even limited cumula-
tive exposure may be associated with elevated risk. sGCS use
was also associated with an increased risk of glaucoma from
cumulative doses of 1-5g onward, with progressively higher
risk at greater cumulative doses, corresponding to 5-25 short
sGCS courses over a lifetime.

4.3 | Comparison to Previously Published Work

A comparable meta-analysis was published by Al Efraijin 2019
which included 15 studies on asthma patients [63]. Similar to
our results, they identified significantly increased risks for
peptic ulcers, diabetes, cataract, arterial hypertension, and
fractures in patients receiving sGCS compared to non-users.
However, unlike us, they did not find a significantly increased
risk for osteoporosis. This discrepancy can be attributed to the
broader scope of our review, which included more than double
the number of studies. While Al Efraij also reported a dose-
dependent association for sGCS and “any AE,” their data were
insufficient to assess specific AEs. Additionally, their analy-
sis used a daily dosage approach, as indicated by a “<6mg”
threshold without any further specification, whereas our
study calculated cumulative dosages. In 2020 the group from
Price explored the real-world burden of sGCS use in asthma
patients, synthesizing data from twelve studies [11]. Although
they did not perform a meta-analysis, their findings mirror
ours. Volmer and colleagues reviewed long-term chronic
sGCS use in severe asthma patients in 2018, qualitatively as-
sessing dose-dependent associations in nine retrospective co-
hort studies. However, only three studies provided relevant
data, and no meta-analysis was conducted.

In UAWD, Tamene et al. reviewed sGCS use in CRS patients,
identifying steroid-induced AEs in three of five included stud-
ies [64]. However, none of those were included in our meta-
analysis due to methodological limitations, insufficient data
on AEs, or lack of comparators. Two Canadian SRs compared
sGCS-related risks with surgical risks in CRS patients [65, 66].
They concluded that frequent sGCS use (>0.2-1.8 courses/
year) posed higher risks than surgery for selected AEs (e.g.,
fractures, psychiatric issues, and cataracts). However, the in-
cluded studies were limited by their focus on non-respiratory
GCS indications and a lack of clarity in study selection pro-
cesses. Other reviews analyzing sGCS-related AEs have
included studies looking at other disease types, such as rheu-
matologic, neurological, oncological, and pulmonary condi-
tions like COPD. Unlike these reviews, we specifically focused
on the rhinitis, rhinosinusitis, and asthma population to ex-
clude conditions where the disease itself may contribute to the
observed AEs. This approach strengthens the suspicion of a
causal link between sGCS use and the identified AEs, enhanc-
ing the validity of our findings.

4.4 | Strengths and Limitations of Our Work

This SR has several strengths, including a comprehensive as-
sessment of both immediate and delayed AEs, and the use of
rigorous meta-analytic techniques to address our primary and
secondary outcomes. To our knowledge, this is the first SR on
AEs focusing on inflammatory upper airway disease and asthma
that includes a cumulative dose-response meta-analysis for in-
dividual AEs, showing that lifetime cumulative sGCS dosages
as low as 0.5-1 g were significantly associated with an increased
risk of a wide range of sGCS-related AEs. Given the frequent
prescription of sGCS in airway disease, these findings are highly
relevant to both patients and public healthcare systems world-
wide. Our data suggest that reducing sGCS prescriptions could
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FIGURE 4 | Meta-analysis exploring the dose-dependent associations between cumulative sGCS dosages and adverse event risk. Summary of

meta-analyses evaluating cumulative dose-dependent associations between sGCS use and adverse event risk. Each dot represents the OR of the

respective pooled effect estimate together with a 95% confidence interval (CI). The separate analyses are provided in the online supplement. High

dose > 10g cumulative prednisolone equivalent; medium dose 5-10 g cumulative prednisolone equivalent; Low dose > 1-5g cumulative prednisolone

equivalent; Very low dose 0.5-1g cumulative prednisolone equivalent.

lower the incidence of chronic diseases such as diabetes, oste-
oporosis, and cardiovascular complications, which all signifi-
cantly impact patients’ quality of life and impose an enormous
socioeconomic burden in the western world.

To ensure robust findings, we only included studies that com-
pared AEs to either placebo, SOC, or no treatment. This im-
proved the quality of the included studies compared to previous
SRs and enabled the dose-response calculation. However, most
of the retrospective studies used for these calculations had a se-
rious ROB, primarily due to confounding factors and outcome
measurement issues, which are common in large-scale registry
studies. So, a key limitation of our meta-analysis is the inherent
susceptibility to residual confounding in these included observa-
tional registry studies. Although all studies employed statistical
methods to control for confounding—including multivariable

Cox proportional hazards models and propensity score match-
ing—these techniques can only adjust for measured confound-
ers that were recorded in the respective databases. Unmeasured
confounders may still influence both the likelihood of receiving
sGCS and the risk of developing adverse events. The specific
confounders adjusted for varied across studies, and the ade-
quacy of adjustment depends on the completeness and accuracy
of registry data. Yet, only three out of thirty-seven studies were
classified as critically biased [29, 43, 52] and sensitivity analysis
confirmed that they did not influence our results.

We focused solely on studies involving patients with inflamma-
tory upper airway disease or asthma. Rhinitis, rhinosinusitis,
and asthma share common pathophysiological pathways and fre-
quently co-exist in the same patient [67]. Thus, we considered the
results in these populations comparable and combined them in our
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No meta-analysis possible

meta-analysis, thus increasing the available data. Sensitivity anal-
ysis by disease type confirmed consistency even after excluding
one disease category. Among the prospective studies evaluating
immediate AEs, there was a balanced representation of both stud-
ies on UAWD and asthma. However, for delayed AEs and dose-
response calculations, 90% of included studies focused on asthma
patients, which precluded separate subgroup analysis for UAWD
due to the limited number of studies. This limitation may raise the
question about the generalizability of our findings to patients with
rhinitis or rhinosinusitis without asthma.

Theoretically, this study might overrate the risk for pneumonia by
sGCS use in asthma patients, since asthma exacerbations could
have been misclassified to some extent as pneumonia by health
care practitioners. Although diagnostic misclassification between
asthma exacerbations and pneumonia may occur in real-world
datasets, especially in first-line care, such misclassification would
likely be non-differential across exposure groups and therefore bias
results toward the null; the consistent dose-dependent increase in
pneumonia and other infection-related outcomes across studies
suggests that systemic immunosuppression from sGCS remains
the most plausible explanation for the observed associations.

The most important limitation of our study is that our cumu-
lative dose-response analyses often relied on a limited number
of studies. Certain analyses were largely based on two registry
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Cochrane Risk-of-Bias tool Version 2; and (B) non-RCTs, evaluated by the Risk of Bias In Non-Randomized Studies of Interventions (ROBINS-I) tool.

outcomes. Additionally, while these registry-based studies
provided valuable information, they hindered subgroup anal-
ysis by administration route (injected vs. OCS) and prevented
distinguishing serious AEs (leading to hospitalization or
death) from less severe ones.

4.5 | Impact on Clinical Practice

The findings of this SR highlight the importance of steroid-
stewardship in patients with chronic airway diseases. While
sGCS remain indispensable for managing severe inflamma-
tory airway conditions, their use must be carefully weighed
against their potential risks. Clinicians should firstly focus on

optimizing (adherence to) local treatments, and secondly con-
sider alternative step-up therapies like biologics or surgery when
deemed appropriate, well before reaching an at-risk cumulative
dose of 0.5-1 g of prednisolone-equivalent.

Raising awareness among patients about the dangers of self-
medication is crucial, as is educating health care practitioners
(HCPs) on the importance of monitoring total cumulative
sGCS exposure, even for non-respiratory indications. HCPs
should also bear in mind that sGCS add to the steroid bur-
den that could be already high given the use of potent ICS.
When sGCS are necessary, clinicians should aim to pre-
scribe the lowest effective dose for the shortest possible du-
ration. For high-risk patients, prophylactic measures such as
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FIGURE6 | Summary plots of Risk of bias analysis. Review authors’ judgments about each risk of bias presented as percentages across all includ-
ed studies separated in (A) RCTs, evaluated by the Cochrane Risk-of-Bias tool Version 2; and (B) non-RCTs, evaluated by the Risk of Bias in Non-

Randomized Studies of Interventions (ROBINS-I) tool.

bone-protective agents and metabolic monitoring should be
implemented to mitigate the long-term complications associ-
ated with sGCS use.

Future research should focus on standardizing AE assess-
ments and investigating the long-term impact of sGCS-sparing
strategies. Also, studies that quantify combined ICS and sGCS
exposure—preferably through detailed inhaler technique as-
sessment and pharmacokinetic markers—could help us in
accurately distinguishing their individual contributions to
systemic AEs.

In addition, an investigation of AEs associated with sGCS use
specifically in pediatric populations is needed. Children may
exhibit different susceptibility to corticosteroid-related compli-
cations such as growth suppression and bone density reduction.
Current evidence on corticosteroid safety in children is limited,
and pediatric patients are often underrepresented or excluded
from large registry studies. Dedicated research is essential to in-
form evidence-based prescribing practices and risk-benefit con-
siderations in children. Such efforts will be critical to improve

patient outcomes while minimizing the burden of sGCS-related
complications.
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