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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 500 mg and 1 g 
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 sGCS or within 
3 weeks after the end of a short course. Delayed AEs were de-
fined as AEs occurring during a long course (> 21 days) of sGCS 
or at least 3 weeks 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.​
covid​ence.​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 I2 (a value above 
50% indicates substantial heterogeneity) [24] as well as t2, 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 > 10 mg/d; medium exposure 5–10 mg/d; low 
exposure 1–5 mg/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 > 10 g; medium dose 
5–10 g; low dose 1–5 g; and very low dose 0.5–1 g. 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

3.2.1.1   |   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 50 mg 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 1 week [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 
12 days 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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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, 

FIGURE 1    |    Study selection flow chart. PRISMA flow chart on study identification and selection process.

 13989995, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/all.70332 by K

u L
euven, W

iley O
nline L

ibrary on [24/04/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



5Allergy, 2026

T
A

B
L

E
 1

    
|    

S
um

m
ar

y 
of

 st
ud

ie
s r

ep
or

tin
g 

on
 im

m
ed

ia
te

 A
Es

 li
nk

ed
 to

 sG
C

S 
us

e.

St
ud

y
D

is
ea

se
 

st
ud

ie
d

St
ud

y 
de

si
gn

Po
pu

la
ti

on
In

te
rv

en
ti

on
P

ri
m

ar
y 

st
ud

y 
ou

tc
om

e
A

ss
es

sm
en

t o
f 

ad
ve

rs
e 

ef
fe

ct
s

In
di

vi
du

al
 r

es
ul

ts

Be
rt

ho
n 

et
 a

l. 
20

15
A

st
hm

a
D

ou
bl

e-


bl
in

de
d,

 
pl

ac
eb

o-


co
nt

ro
lle

d 
RC

T

To
ta

l n
um

be
r o

f 
pa

rt
ic

ip
an

ts
 ra

nd
om

iz
ed

 
(N

 =
 60

). 
To

ta
l n

um
be

r 
of

 p
ar

tic
ip

an
ts

 in
cl

ud
ed

 
in

 a
na

ly
si

s (
N

 =
 55

). 
A

lte
rn

at
in

g 
tr

ea
tm

en
t 

w
ith

 O
C

S 
(p

re
dn

is
ol

on
e 

50
 m

g)
 o

r p
la

ce
bo

C
ro

ss
-o

ve
r t

ri
al

 o
f 

10
 d

ay
s p

re
dn

is
ol

on
e 

(5
0 m

g)
 in

 a
du

lts
 

w
ith

 st
ab

le
 a

st
hm

a
D

ur
at

io
n:

 ±
48

 d
ay

s: 
2 ×

 10
 d

ay
s t

re
at

m
en

t 
an

d 
w

as
h-

ou
t 4

 w
ee

ks
C

o-
in

te
rv

en
tio

n:
 IC

S:
 

78
%

 o
f p

ar
tic

ip
an

ts
, 

m
ea

n 
(S

D
) 1

02
5 

(7
38

) m
cg

/d
ay

To
 d

et
er

m
in

e 
w

he
th

er
 1

0-
da

y 
O

C
S 

th
er

ap
y 

in
 

ad
ul

ts
 w

ith
 a

st
hm

a 
ca

us
es

 c
ha

ng
es

 in
 

le
pt

in
, a

pp
et

ite
, 

di
et

ar
y 

in
ta

ke
, 

bo
dy

 w
ei

gh
t a

nd
 

bo
dy

 c
om

po
si

tio
n

FU
: 4

8 d
ay

s

A
dv

er
se

 e
ffe

ct
s 

w
er

e 
as

se
ss

ed
 b

y 
qu

es
tio

nn
ai

re
s. 

Bo
dy

 c
om

po
si

tio
n 

w
as

 m
ea

su
re

d 
by

 
du

al
-e

ne
rg

y 
X-

ra
y 

ab
so

rp
tio

m
et

ry
 

an
d 

bi
oe

le
ct

ri
ca

l 
im

pe
da

nc
e 

an
al

ys
is

, 
ap

pe
tit

e 
m

ea
-s

ur
ed

 
us

in
g 

a 
va

lid
at

ed
 V

A
S 

an
d 

di
et

ar
y 

in
ta

ke
 

as
se

ss
ed

 u
si

ng
4-

da
y 

fo
od

 re
co

rd
s. 

Le
pt

in
 w

as
 m

ea
su

re
d 

as
 a

 b
io

m
ar

ke
r 

of
 a

pp
et

ite

Sh
or

t-t
er

m
 O

C
S 

in
 st

ab
le

 
as

th
m

a 
di

d 
no

t i
nd

uc
e 

si
gn

ifi
ca

nt
 c

ha
ng

es
 

in
 a

pp
et

ite
, d

ie
ta

ry
 

in
ta

ke
, b

od
y 

w
ei

gh
t o

r 
co

m
po

si
tio

n.
 S

ym
pt

om
s 

of
 sl

ee
p 

di
st

ur
ba

nc
es

 a
nd

 
ga

st
ro

in
te

st
in

al
 d

is
tu

rb
an

ce
 

w
er

e 
re

po
rt

ed
 si

gn
ifi

ca
nt

ly
 

m
or

e 
of

te
n 

du
ri

ng
 

pr
ed

ni
so

lo
ne

 v
s. 

pl
ac

eb
o

Br
ow

n 
et

 a
l. 

20
02

A
st

hm
a

Pr
os

pe
ct

iv
e 

C
oh

or
t s

tu
dy

32
 p

ar
tic

ip
an

ts
A

ge
 ra

ng
e 

18
–6

5
O

ra
l p

re
dn

is
on

e 
co

ur
se

 
w

ith
 a

n 
in

iti
al

 d
os

e 
of

 a
t l

ea
st

 4
0 m

g 
da

ily
 

an
d 

a 
to

ta
l d

ur
at

io
n 

of
 a

t l
ea

st
 7

 d
ay

s.
Su

bj
ec

ts
 sc

he
du

le
d 

to
 

re
ce

iv
e 

ei
th

er
 a

br
up

t 
st

er
oi

d 
di

sc
on

tin
ua

tio
n 

or
 g

ra
du

al
 ta

pe
rs

 o
f 

st
er

oi
ds

 w
er

e 
in

cl
ud

ed
.

(N
 =

 32
)

C
o-

in
te

rv
en

tio
n:

 
IC

S 
27

/3
2,

 n
o 

do
sa

ge
s r

ep
or

te
d

To
 st

ud
y 

sy
ch

ia
tr

ic
 

si
de

 e
ffe

ct
s o

f 
pr

ed
ni

so
ne

 th
er

ap
y

FU
: u

nt
il 

2 w
ee

ks
 

af
te

r O
C

S 
co

m
pl

et
io

n

A
ss

es
se

d 
us

in
g 

H
am

ilt
on

 R
at

in
g 

Sc
al

e 
fo

r D
ep

re
ss

io
n 

(H
A

M
-D

), 
Yo

un
g 

M
an

ia
 S

ca
le

 (Y
M

S)
, 

Br
ie

f P
sy

ch
ia

tr
ic

 
R

at
in

g 
Sc

al
e 

(B
PR

S)
, 

an
d 

In
te

rn
al

 S
ta

te
 

Sc
al

e 
(I

SS
)

Si
gn

ifi
ca

nt
 in

cr
ea

se
s i

n 
m

an
ia

 o
bs

er
ve

d 
du

ri
ng

 
th

er
ap

y 
(Y

M
S 

sc
or

e 
in

cr
ea

se
d 

fr
om

 2
.8

 to
 4

.8
, 

p =
 0.

00
54

) d
ur

in
g 

th
e 

fir
st

 
3 

to
 7

 d
ay

s o
f p

re
dn

is
on

e 
th

er
ap

y.
 N

o 
in

cr
ea

se
 in

 
de

pr
es

si
on

 m
ea

su
re

s w
er

e 
se

en
 d

ur
in

g 
th

is
 p

er
io

d.
In

 su
bj

ec
ts

 w
ith

 a
 h

is
to

ry
 

of
 d

ep
re

ss
io

n,
 d

ep
re

ss
iv

e 
sy

m
pt

om
s d

ec
re

as
ed

 
du

ri
ng

 tr
ea

tm
en

t.
A

ll 
m

oo
d 

sy
m

pt
om

s 
re

tu
rn

ed
 to

 b
as

el
in

e 
af

te
r d

is
co

nt
in

ua
tio

n

(C
on

tin
ue

s)

 13989995, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/all.70332 by K

u L
euven, W

iley O
nline L

ibrary on [24/04/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



6 Allergy, 2026

St
ud

y
D

is
ea

se
 

st
ud

ie
d

St
ud

y 
de

si
gn

Po
pu

la
ti

on
In

te
rv

en
ti

on
P

ri
m

ar
y 

st
ud

y 
ou

tc
om

e
A

ss
es

sm
en

t o
f 

ad
ve

rs
e 

ef
fe

ct
s

In
di

vi
du

al
 r

es
ul

ts

C
ha

ng
 e

t a
l. 

20
21

C
R

Ss
N

P
RC

T
81

 p
ar

tic
ip

an
ts

 (7
2 

an
al

yz
ed

 a
t 6

 m
on

th
s)

 
w

ith
 c

lin
ic

ia
n-


di

ag
no

se
d 

C
R

Ss
N

P 
un

de
rg

oi
ng

 E
SS

M
ea

n 
ag

e 
(S

D
) o

f t
he

 
ov

er
al

l p
op

ul
at

io
n 

w
as

 4
9.

4 
(1

4.
9)

Po
st

-o
pe

ra
tiv

e 
or

al
 

pr
ed

ni
so

ne
 3

0 m
g,

 2
0 m

g,
 

10
 m

g;
 e

ac
h 

do
se

 fo
r 

4 d
ay

s (
n 

=
 34

) v
s. 

po
st

-
op

er
at

iv
e 

or
al

 p
la

ce
bo

 
(n

 =
 28

) f
or

 1
2 d

ay
s

C
o-

in
te

rv
en

tio
n:

 
IC

S 
no

t r
ep

or
te

d

Ef
fe

ct
 o

f s
ur

ge
ry

 
on

 q
ua

lit
y 

of
 li

fe
 

(S
N

O
T-

22
) a

nd
 

Lu
nd

 K
en

ne
dy

 
en

do
sc

op
y 

sc
or

e
FU

: 6
 m

on
th

s

A
dv

er
se

 e
ve

nt
s w

er
e 

as
se

ss
ed

 in
 b

ot
h 

gr
ou

ps
 b

y 
m

ea
ns

 o
f a

n 
ite

m
iz

ed
 q

ue
st

io
nn

ai
re

 
co

m
pl

et
ed

 b
y 

pa
tie

nt
s 

to
 a

ss
es

s f
or

 sy
m

pt
om

s 
po

te
nt

ia
lly

 re
la

te
d 

to
 

SC
S 

ad
ve

rs
e 

ef
fe

ct
s

1 m
on

th
 p

os
t-o

pe
ra

tiv
el

y 
th

er
e 

w
er

e 
no

 st
at

is
tic

al
ly

 
si

gn
ifi

ca
nt

 d
iff

er
en

ce
s 

be
tw

ee
n 

gr
ou

ps
 fo

r a
ll 

14
 

sy
m

pt
om

s; 
ap

pe
tit

e,
 w

ei
gh

t 
ga

in
, g

as
tr

oi
nt

es
tin

al
 

di
sc

om
fo

rt
, m

oo
d 

sw
in

gs
, 

ag
gr

es
si

on
, m

us
cl

e 
w

ea
kn

es
s,

 
bl

ur
re

d 
vi

si
on

, w
or

se
ne

d 
D

M
 II

, h
ig

h 
bl

oo
d 

pr
es

su
re

, 
ne

rv
ou

sn
es

s,
 sl

ee
pi

ng
 

di
ff

ic
ul

ty
, w

at
er

 re
te

nt
io

n,
 

ea
sy

 b
ru

is
in

g,
 H

ea
da

ch
e.

 
p-

va
lu

e 
no

t r
ep

or
te

d

H
is

sa
ri

a 
et

 a
l. 

20
06

C
R

Sw
N

P
RC

T
41

 P
ar

tic
ip

an
ts

W
ith

 sy
m

pt
om

at
ic

 
en

do
sc

op
ic

al
ly

 
di

ag
no

se
d 

si
no

na
sa

l 
po

ly
po

si
s

M
ea

n 
ag

e 
(S

D
) f

or
 

th
e 

tr
ea

tm
en

t g
ro

up
 

w
as

 4
9 

(1
3)

.
M

ea
n 

ag
e 

(S
D

) f
or

 
th

e 
pl

ac
eb

o 
gr

ou
p 

w
as

 4
8 

(1
2)

50
 m

g/
d 

p.
o.

 
pr

ed
ni

so
lo

ne
 (n

 =
 20

) 
vs

. P
la

ce
bo

 (n
 =

 20
)

Fo
r 1

4 d
ay

s
C

o-
in

te
rv

en
tio

n:
 N

o 
IC

S 
in

 b
ot

h 
gr

ou
ps

Ef
fe

ct
 o

f 
pr

ed
ni

so
lo

ne
 o

n 
th

e 
re

du
ct

io
n 

in
 N

P 
si

ze
 

on
 n

as
en

do
sc

op
y 

&
 M

R
I a

nd
 th

e 
re

du
ct

io
n 

of
 

sy
m

pt
om

 sc
or

es
FU

 2
 w

ee
ks

A
dv

er
se

 e
ffe

ct
s i

n 
bo

th
 g

ro
up

s w
er

e 
se

lf-
re

po
rt

ed
 a

t 
st

ud
y 

ex
it 

vi
si

t

A
t t

he
 e

nd
 o

f a
 1

4 d
ay

s 
tr

ea
tm

en
t, 

pa
tie

nt
s o

n 
G

C
S 

re
po

rt
ed

 si
gn

ifi
ca

nt
ly

 m
or

e 
in

so
m

ni
a 

(n
 =

 8)
 c

om
pa

re
d 

to
 p

la
ce

bo
 (n

 =
 2;

 p
 <

 0.
05

).
N

o 
si

gn
ifi

ca
nt

 d
iff

er
en

ce
s 

w
er

e 
de

m
on

st
ra

te
d 

fo
r 

th
e 

ot
he

r A
Es

 (m
oo

d 
di

st
ur

ba
nc

es
, a

pp
et

ite
, 

dy
sp

ep
si

a,
 a

cn
e,

 
he

ad
ac

he
, f

at
ig

ur
e,

 
ba

ck
ac

he
, f

ee
t o

ed
em

a)

(C
on

tin
ue

s)

T
A

B
L

E
 1

    
|    


(C

on
tin

ue
d)

 13989995, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/all.70332 by K

u L
euven, W

iley O
nline L

ibrary on [24/04/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



7Allergy, 2026

St
ud

y
D

is
ea

se
 

st
ud

ie
d

St
ud

y 
de

si
gn

Po
pu

la
ti

on
In

te
rv

en
ti

on
P

ri
m

ar
y 

st
ud

y 
ou

tc
om

e
A

ss
es

sm
en

t o
f 

ad
ve

rs
e 

ef
fe

ct
s

In
di

vi
du

al
 r

es
ul

ts

H
ow

la
nd

 e
t a

l. 
19

96
A

R
D

ou
bl

e-


bl
in

de
d,

 
pl

ac
eb

o-


co
nt

ro
lle

d 
RC

T

64
 A

R
 p

at
ie

nt
s w

ith
 

a 
po

si
tiv

e 
hi

st
or

y 
co

nf
ir

m
ed

 b
y 

a 
po

si
tiv

e 
sk

in
 p

ri
ck

 te
st

 to
 

se
as

on
al

 o
r p

er
en

ni
al

 
al

le
rg

en
s p

re
se

nt
 in

 th
e 

pa
tie

nt
's 

en
vi

ro
nm

en
t.

M
ea

n 
ag

e:
 3

3 y
ea

rs
 

(1
9–

50
 ye

ar
s)

O
ra

l p
re

dn
is

on
e 

10
 m

g/
d 

(n
 =

 16
) v

s. 
Tr

ia
m

ci
no

lo
ne

 a
ce

to
ni

de
 

aq
ue

ou
s n

as
al

 sp
ra

y 
22

0 μ
g/

d 
an

d 
44

0 μ
g/

d
(n

 =
 32

) v
s. 

Pl
ac

eb
o

(n
 =

 16
) f

or
 6

 w
ee

ks
C

o-
in

te
rv

en
tio

n:
 N

o 
IC

S 
in

 b
ot

h 
gr

ou
ps

To
 st

ud
y 

th
e 

ef
fe

ct
s 

of
 o

ra
l p

re
dn

is
ol

on
e 

an
d 

tr
ia

m
ci

no
lo

ne
 

na
sa

l s
pr

ay
 o

n 
th

e 
ad

re
no

co
rt

ic
al

 
fu

nc
tio

n
FU

 6
 w

ee
ks

A
dr

en
oc

or
tic

al
 

fu
nc

tio
n 

w
as

 te
st

ed
 b

y 
us

in
g 

th
e 

co
sy

nt
ro

pi
n 

st
im

ul
at

io
n 

te
st

 a
t 

ba
se

lin
e 

an
d 

af
te

r 
6 w

ee
ks

 o
f t

re
at

m
en

t.
Th

e 
fr

eq
ue

nc
y 

an
d 

se
ve

ri
ty

 o
f A

Es
 o

f 
th

e 
st

ud
y 

tr
ea

tm
en

ts
 

w
er

e 
re

co
rd

ed
 b

y 
ea

ch
 

pa
tie

nt
 o

n 
di

ar
y 

ca
rd

s.
A

Es
 w

er
e 

as
se

ss
ed

 
by

 si
te

 in
ve

st
ig

at
or

s 
at

 p
at

ie
nt

 in
te

rv
ie

w
s 

pe
rf

or
m

ed
 a

t t
he

 
en

d 
of

 w
ee

ks
 3

 a
nd

 
6 

of
 th

e 
st

ud
y

Pr
ed

ni
so

ne
 p

ro
du

ce
d 

st
at

is
tic

al
ly

 si
gn

ifi
ca

nt
 

(p
 <

 0.
00

1)
 re

du
ct

io
ns

 in
 

ad
re

no
co

rt
ic

al
 fu

nc
tio

n 
co

m
pa

re
d 

w
ith

 p
la

ce
bo

. 
R

ed
uc

tio
ns

 o
cc

ur
re

d 
in

 
bo

th
 th

e 
m

ea
n 

6-
h 

pl
as

m
a 

co
rt

is
ol

 le
ve

ls
 a

nd
 m

ea
n 

ch
an

ge
 in

 6
-h

 p
la

sm
a 

co
rt

is
ol

 
le

ve
ls

 fr
om

 p
re

tr
ea

tm
en

t
U

ri
na

ry
 fr

ee
 c

or
tis

ol
 

po
st

tr
ea

tm
en

t w
as

 
si

gn
ifi

ca
nt

ly
 h

ig
he

r f
or

 th
e 

O
C

S 
co

ho
rt

 c
om

pa
re

d 
to

 
pl

ac
eb

o:
 c

om
pa

re
d 

to
 p

la
ce

bo
.

Th
e 

m
os

t f
re

qu
en

tly
 

ob
se

rv
ed

 A
E 

w
as

 h
ea

da
ch

e,
 

w
hi

ch
 o

cc
ur

re
d 

in
 2

5.
0%

 
of

 p
at

ie
nt

s w
ho

 re
ce

iv
ed

 
pl

ac
eb

o 
an

d 
37

.5
%

 o
f t

ho
se

 
w

ho
 re

ce
iv

ed
 p

re
dn

is
on

e.
N

o 
de

at
hs

, s
er

io
us

 a
dv

er
se

 
cl

in
ic

al
 e

ve
nt

s,
 o

r c
lin

ic
al

ly
 

si
gn

ifi
ca

nt
 c

ha
ng

es
 in

 
ph

ys
ic

al
 e

xa
m

in
at

io
n 

re
su

lts
 w

er
e 

no
te

d 
du

ri
ng

 
th

e 
st

ud
y.

 N
o 

cl
in

ic
al

ly
 

si
gn

ifi
ca

nt
 la

bo
ra

to
ry

 
ab

no
rm

al
iti

es
 re

la
te

d 
to

 st
ud

y 
m

ed
ic

at
io

n 
w

er
e 

ob
se

rv
ed

(C
on

tin
ue

s)

T
A

B
L

E
 1

    
|    


(C

on
tin

ue
d)

 13989995, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/all.70332 by K

u L
euven, W

iley O
nline L

ibrary on [24/04/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



8 Allergy, 2026

St
ud

y
D

is
ea

se
 

st
ud

ie
d

St
ud

y 
de

si
gn

Po
pu

la
ti

on
In

te
rv

en
ti

on
P

ri
m

ar
y 

st
ud

y 
ou

tc
om

e
A

ss
es

sm
en

t o
f 

ad
ve

rs
e 

ef
fe

ct
s

In
di

vi
du

al
 r

es
ul

ts

K
ar

ak
i e

t a
l. 

20
13

A
lle

rg
ic

 
R

hi
ni

tis
N

on
-

ra
nd

om
iz

ed
 

co
nt

ro
lle

d 
in

te
rv

en
tio

na
l 

st
ud

y

75
 p

at
ie

nt
s

M
ea

n 
(S

D
) a

ge
 fo

r 
th

e 
or

al
 st

er
oi

d 
gr

ou
p 

w
as

 3
6.

8 
(1

2.
5)

.
M

ea
n 

(S
D

) a
ge

 fo
r t

he
 

na
sa

l s
te

ro
id

 g
ro

up
 

w
as

 4
0.

2 
(1

6.
2)

M
ea

n 
(S

D
) a

ge
 fo

r 
th

e 
no

n-
st

er
oi

d 
gr

ou
p 

w
as

 3
8.

1 
(8

.5
)

M
om

et
as

on
e 

fu
ro

at
e 

N
S +

 lo
ra

ta
di

ne
(N

 =
 25

) v
s. 

Be
ta

m
et

ha
so

ne
 

p.
o.

 +
 lo

ra
ta

di
ne

(N
 =

 23
) v

s. 
Lo

ra
ta

di
ne

 (N
 =

 2
4)

Fo
r 7

 d
ay

s
FU

 7
 d

ay
s

C
o-

in
te

rv
en

tio
n:

 
IC

S 
no

t r
ep

or
te

d.

R
ed

uc
tio

n 
in

 n
as

al
 

sy
m

pt
om

s: 
sn

ee
zi

ng
, 

itc
hi

ng
, d

is
ch

ar
ge

, 
ob

st
ru

ct
io

n

A
dv

er
se

 e
ffe

ct
s 

w
er

e 
se

lf-
re

po
rt

ed
, 

re
co

rd
ed

 in
 a

lle
rg

y 
di

ar
ie

s. 
In

cl
ud

ed
 

st
om

ac
ha

ch
es

, 
sl

ee
pi

ne
ss

, 
hy

pe
rs

en
si

tiv
ity

, 
an

d 
he

ad
ac

he
s

A
fte

r 7
 d

ay
s,

 th
e 

or
al

 
co

rt
ic

os
te

ro
id

 g
ro

up
 re

po
rt

ed
 

m
ild

 a
dv

er
se

 e
ve

nt
s (

e.
g.

, 
st

om
ac

ha
ch

e,
 h

ea
da

ch
e)

 
w

ith
 n

o 
m

aj
or

 a
dv

er
se

 e
ve

nt
s 

ob
se

rv
ed

. T
he

 in
ci

de
nc

e 
of

 
ad

ve
rs

e 
ev

en
ts

 w
as

 lo
w

er
 

in
 th

e 
na

sa
l s

pr
ay

 g
ro

up
 

(7
.2

4%
) c

om
pa

re
d 

to
 th

e 
or

al
 c

or
tic

os
te

ro
id

 g
ro

up
 

(e
xa

ct
 %

 n
ot

 sp
ec

ifi
ed

). 
N

o 
st

at
is

tic
s p

er
fo

rm
ed

Le
vy

 e
t a

l. 
19

96
A

st
hm

a
D

ou
bl

e 
bl

in
d 

pl
ac

eb
o 

co
nt

ro
lle

d 
RC

T

41
3 

A
du

lt 
as

th
m

at
ic

 
pa

tie
nt

s w
ho

 
pr

es
en

te
d 

w
ith

 a
 

m
ild

 e
xa

ce
rb

at
io

n 
of

 
as

th
m

a 
w

hi
ch

, i
n 

th
e 

cl
in

ic
ia

n'
s o

pi
ni

on
 

w
as

 n
ot

 c
on

si
de

re
d 

se
ve

re
 e

no
ug

h 
to

 
ne

ce
ss

ita
te

 a
dm

is
si

on
 

to
 h

os
pi

ta
l b

ut
 w

hi
ch

 
di

d 
re

qu
ir

e 
tr

ea
tm

en
t 

w
ith

 sh
or

t c
ou

rs
e 

of
 

or
al

 c
or

tic
os

te
ro

id
.

M
ea

n 
ag

e 
(S

D
) f

or
 

th
e 

or
al

 p
re

dn
is

ol
on

e 
gr

ou
p 

w
as

 4
2 

(1
5)

.
M

ea
n 

ag
e 

(S
D

) f
or

 th
e 

flu
tic

as
on

e 
pr

op
ri

on
at

e 
gr

ou
p 

w
as

 4
3 

(1
5)

O
ra

l p
re

dn
is

ol
on

e 
fo

r 
16

 d
ay

s: 
st

ar
tin

g 
at

 
40

 m
g 

an
d 

re
du

ci
ng

 b
y 

5 m
g 

ev
er

y 
tw

o 
da

ys
(n

 =
 20

7 
w

ith
 2

03
 

an
al

yz
ed

) v
s. 

Fl
ut

ic
as

on
e 

pr
op

ri
on

at
e 

in
ha

le
r 2

 m
g/

d 
(n

 =
 20

6 
w

ith
 2

00
 a

na
ly

ze
d)

C
o-

in
te

rv
en

tio
n:

 A
ll 

IC
S 

w
er

e 
co

nt
in

ue
d,

 b
ut

 
no

 d
os

ag
es

 re
po

rt
ed

To
 st

ud
y 

w
he

th
er

 
a 

hi
gh

 d
os

e 
of

 
in

ha
le

d 
flu

tic
as

on
e 

pr
op

io
na

te
 c

ou
ld

 
be

 a
s e

ffe
ct

iv
e 

as
 

a 
sh

or
t c

ou
rs

e 
of

 
or

al
 c

or
tic

os
te

ro
id

 
in

 th
e 

tr
ea

tm
en

t o
f 

ac
ut

e 
ex

-a
ce

rb
at

io
ns

 
of

 a
st

hm
a 

w
hi

ch
 

w
er

e 
no

t c
on

si
de

re
d 

se
ve

re
 e

no
ug

h 
to

 n
ec

es
si

ta
te

 
ad

m
is

si
on

 to
 

ho
sp

ita
l.

FU
 1

6 d
ay

s

A
t e

ac
h 

vi
si

t (
ev

er
y 

2 d
ay

s d
ur

in
g 

th
e 

fir
st

 
w

ee
k 

an
d 

at
 1

6 d
ay

) 
th

e 
ph

ys
ic

ia
n 

re
co

rd
ed

A
Es

44
%

 o
f p

at
ie

nt
s i

n 
bo

th
 

tr
ea

tm
en

t g
ro

up
s r

ep
or

te
d 

m
in

or
 A

Es
, m

os
t o

f 
th

em
 b

ei
ng

 re
la

te
d 

to
 

th
e 

di
ge

st
iv

e,
 n

er
vo

us
 o

r 
re

sp
ir

at
or

y 
sy

st
em

s.
N

o 
di

ffe
re

nc
e 

be
tw

ee
n 

O
C

S 
an

d 
flu

tic
as

on
e 

in
ha

le
r w

as
 

de
m

on
st

ra
te

d,
 n

o 
co

m
pa

ri
so

n 
w

ith
 p

la
ce

bo
 is

 m
en

tio
ne

d

(C
on

tin
ue

s)

T
A

B
L

E
 1

    
|    


(C

on
tin

ue
d)

 13989995, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/all.70332 by K

u L
euven, W

iley O
nline L

ibrary on [24/04/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



9Allergy, 2026

St
ud

y
D

is
ea

se
 

st
ud

ie
d

St
ud

y 
de

si
gn

Po
pu

la
ti

on
In

te
rv

en
ti

on
P

ri
m

ar
y 

st
ud

y 
ou

tc
om

e
A

ss
es

sm
en

t o
f 

ad
ve

rs
e 

ef
fe

ct
s

In
di

vi
du

al
 r

es
ul

ts

M
cN

am
ar

a 
et

 a
l. 

19
93

A
st

hm
a

Si
ng

le
-b

lin
d,

 
pl

ac
eb

o-


co
nt

ro
lle

d 
RC

T

70
 a

st
hm

a 
pa

tie
nt

s w
ith

 
ac

ut
e 

ex
ac

er
ba

tio
ns

 
(p

ea
k 

ex
pi

ra
to

ry
 fl

ow
 

ra
te

 m
ea

su
re

m
en

t o
f 

30
0 L

/r
ai

n 
or

 le
ss

) a
nd

 
w

er
e 

ju
dg

ed
 b

y 
th

ei
r 

tr
ea

tin
g 

ph
ys

ic
ia

n 
to

 b
e 

su
ff

ic
ie

nt
ly

im
pr

ov
ed

 
fo

r d
is

ch
ar

ge
 h

om
e 

w
er

e 
ra

nd
om

iz
ed

, 5
6 

in
cl

ud
ed

 in
 a

na
ly

si
s.

Pa
tie

nt
s w

er
e 

ap
pr

oa
ch

ed
 fo

r t
he

 
st

ud
y 

on
ly

 a
fte

r 
co

m
pl

et
io

n 
of

 th
ei

r 
ED

 th
er

ap
y

M
ea

n 
(S

D
) a

ge
 S

C
S 

gr
ou

p:
 2

7.
9 

(7
.5

)
M

ea
n 

(S
D

) a
ge

 P
la

ce
bo

 
gr

ou
p:

 3
0.

1 
(7

.9
)

Ei
th

er
 a

n 
IM

 
in

je
ct

io
n 

of
 2

40
 m

g 
m

et
hy

lp
re

dn
is

ol
on

e 
ac

et
at

e 
su

sp
en

si
on

 
vs

. I
M

 in
je

ct
io

n 
of

 
sa

lin
e 

as
 p

la
ce

bo
C

o-
in

te
rv

en
tio

n:
O

C
S 

gr
ou

p:
 IC

S 
at

 d
is

ch
ar

ge
 6

.7
%

, 
no

n-
O

C
S 

gr
ou

p:
IC

S 
at

 d
is

ch
ar

ge
 7

.7
%

Th
e 

m
ai

n 
ou

tc
om

e 
m

ea
su

re
 o

f t
he

 st
ud

y 
w

as
 re

la
ps

e,
 d

ef
in

ed
 

as
 th

e 
ne

ed
 to

 se
ek

 
no

nr
ou

tin
e 

m
ed

ic
al

 
ca

re
 fo

r s
ym

pt
om

s o
f 

as
th

m
a 

w
ith

in
 se

ve
n 

da
ys

 o
f s

tu
dy

 e
nt

ry
. 

Fo
r p

at
ie

nt
s w

ho
 

di
d 

no
t r

et
ur

n 
to

 
th

e 
ED

 fo
r t

hi
s c

ar
e,

 
th

e 
tr

ea
tin

g 
fa

ci
lit

y 
or

 p
hy

si
ci

an
 w

as
 

co
nt

ac
te

d 
to

 v
er

if
y 

th
at

 th
e 

vi
si

t w
as

 n
ot

 
of

 a
 ro

ut
in

e 
na

tu
re

.
FU

 7
 d

ay
s

A
t t

he
 ti

m
e 

of
 

fo
llo

w
-u

p,
 th

e 
pa

tie
nt

s 
w

er
e 

as
ke

d 
a 

se
ri

es
 

of
 q

ue
st

io
ns

 a
bo

ut
 

m
ed

ic
at

io
n 

si
de

 e
ffe

ct
s

Th
e 

re
po

rt
ed

 si
de

 e
ffe

ct
s 

w
er

e 
si

m
ila

r b
et

w
ee

n 
gr

ou
ps

 w
ith

 o
ne

 o
r m

or
e 

si
de

 e
ffe

ct
s r

ep
or

te
d 

by
 

ei
gh

t (
27

%
) p

at
ie

nt
s i

n 
th

e 
st

er
oi

d 
gr

ou
p 

an
d 

12
 (4

6%
) 

in
 th

e 
pl

ac
eb

o 
gr

ou
p.

 T
he

 
m

os
t c

om
m

on
 si

de
 e

ffe
ct

s 
re

po
rt

ed
 in

 th
e 

st
er

oi
d 

gr
ou

p 
w

er
e 

m
us

cl
e 

pa
in

 in
 si

x 
(2

0%
) a

nd
 a

bd
om

in
al

 p
ai

n 
an

d 
na

us
ea

 in
 fo

ur
 (1

3.
3%

) 
ea

ch
. M

us
cl

e 
pa

in
 w

as
 a

ls
o 

re
po

rt
ed

 b
y 

si
x 

(2
3%

) o
f t

he
 

pl
ac

eb
o 

gr
ou

p,
 w

he
re

as
 fo

ur
 

(1
5%

) h
ad

 n
au

se
a,

 a
nd

 th
er

e 
w

er
e 

th
re

e 
(1

1%
) r

ep
or

ts
 

ea
ch

 o
f h

ea
da

ch
e,

 ir
ri

ta
bi

lit
y,

 
an

d 
ab

do
m

in
al

 p
ai

n

Va
id

ya
na

th
an

 
et

 a
l. 

20
11

C
R

Sw
N

P
RC

T
60

 p
ar

tic
ip

an
ts

W
ith

 sy
m

pt
om

at
ic

 
en

do
sc

op
ic

al
ly

 
di

ag
no

se
d 

bi
la

te
ra

l 
m

od
er

at
e 

to
 la

rg
e-


si

ze
d 

N
P.

M
ea

n 
ag

e 
fo

r t
he

 
pr

ed
ni

so
lo

ne
 g

ro
up

 
w

as
 4

9 
(2

4–
70

) y
ea

rs
.

M
ea

n 
ag

e 
fo

r t
he

 
pr

ed
ni

so
lo

ne
 g

ro
up

 
w

as
 5

2 
(1

7–
78

) y
ea

rs
.

Pr
ed

ni
so

lo
ne

 
p.

o.
 2

5 m
g/

d
(N

 =
 30

) v
s. 

Pl
ac

eb
o

(N
 =

 30
)

Fo
r 2

 w
ee

ks
C

o-
in

te
rv

en
tio

n:
 

IC
S 

no
t r

ep
or

te
d

R
ed

uc
tio

n 
in

 N
P 

si
ze

 
on

 n
as

en
do

sc
op

y
FU

 2
8 w

ee
ks

A
dv

er
se

 e
ffe

ct
s 

as
se

ss
ed

 in
 b

ot
h 

gr
ou

ps
 a

t b
as

el
in

e,
 

w
ee

k 
2 

an
d 

w
ee

k 
10

 b
y 

m
ea

ns
 o

f:
-la

bo
ra

to
ry

 a
na

ly
si

s 
of

 b
on

e 
tu

rn
ov

er
 

m
ar

ke
rs

 a
nd

 a
dr

en
al

 
fu

nc
tio

n 
(u

ri
na

ry
 

co
rt

is
ol

 le
ve

ls
, s

er
um

 
co

rt
is

ol
, A

C
TH

-
st

im
ul

at
ed

 c
or

tis
ol

)
-m

ea
su

re
m

en
t o

f F
BG

, 
BP

 a
nd

 b
od

y 
w

ei
gh

t
- s

ub
je

ct
iv

e 
re

po
rt

in
g 

of
 o

th
er

 sy
m

pt
om

s

A
fte

r 2
 w

ee
ks

 o
f 

pr
ed

ni
so

lo
ne

, t
ra

ns
ie

nt
 

ad
re

na
l s

up
pr

es
si

on
 w

as
 

ob
se

rv
ed

, w
ith

 o
ve

rn
ig

ht
 

ur
in

ar
y 

co
rt

is
ol

 d
ro

pp
in

g 
to

 
50

%
 o

f b
as

el
in

e 
(p

 <
 0.

00
1)

 
an

d 
A

C
TH

-s
tim

ul
at

ed
 se

ru
m

 
co

rt
is

ol
 d

ec
re

as
in

g 
by

 8
6%

 
(p

 <
 0.

00
1)

. I
nc

re
as

ed
 b

on
e 

tu
rn

ov
er

 m
ar

ke
rs

 in
di

ca
te

d 
tr

an
si

en
t b

on
e 

ac
tiv

ity
 

ch
an

ge
s,

 w
hi

ch
 re

tu
rn

ed
 

to
 b

as
el

in
e 

by
 w

ee
k 

10
 

an
d 

w
er

e 
no

t s
ig

ni
fic

an
tly

 
di

ffe
re

nt
 a

t 2
8 w

ee
ks

. N
o 

se
ri

ou
s o

r l
as

tin
g 

ad
ve

rs
e 

ef
fe

ct
s w

er
e 

re
po

rt
ed

(C
on

tin
ue

s)

T
A

B
L

E
 1

    
|    


(C

on
tin

ue
d)

 13989995, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/all.70332 by K

u L
euven, W

iley O
nline L

ibrary on [24/04/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



10 Allergy, 2026

St
ud

y
D

is
ea

se
 

st
ud

ie
d

St
ud

y 
de

si
gn

Po
pu

la
ti

on
In

te
rv

en
ti

on
P

ri
m

ar
y 

st
ud

y 
ou

tc
om

e
A

ss
es

sm
en

t o
f 

ad
ve

rs
e 

ef
fe

ct
s

In
di

vi
du

al
 r

es
ul

ts

Va
n 

de
n 

Be
rg

e 
et

 a
l. 

20
09

A
st

hm
a

RC
T

13
0 

pa
rt

ic
ip

an
ts

 (1
27

 
an

al
yz

ed
) w

ith
 a

 
do

cu
m

en
te

d 
di

ag
no

si
s 

of
 a

st
hm

a 
w

ith
 

‘w
or

se
ni

ng
 o

f a
st

hm
a’

 
as

 m
ea

su
re

d 
by

 th
re

e 
pr

ed
ef

in
ed

 c
ri

te
ri

a
M

ea
n 

ag
e 

(S
D

) o
f 

pr
ed

ni
so

lo
ne

 g
ro

up
 

w
as

 4
5 

(1
2.

9)
 y

ea
rs

.
M

ea
n 

ag
e 

(S
D

) o
f 

ci
cl

es
on

id
e 

gr
ou

p 
w

as
 4

5 
(1

3.
3)

 y
ea

rs

40
 m

g/
da

y 
or

al
 

pr
ed

ni
so

ne
 (n

 =
 62

) v
s. 

In
ha

le
d 

ci
cl

es
on

id
e 

(8
00

 
m

cg
 tw

ic
e 

da
ily

) (
n 

=
 65

)
Fo

r 1
4 d

ay
s

C
o-

in
te

rv
en

tio
n:

 D
os

e 
of

 IC
S 

(μ
g/

da
y)

: 1
00

0 
(r

an
ge

 8
00

–2
00

0)

M
or

ni
ng

 P
ea

k 
ex

pi
ra

to
ry

 
Fl

ow
 sc

or
e

FU
 2

 w
ee

ks

Se
co

nd
ar

y 
ou

tc
om

e:
 

ad
ve

rs
e 

ev
en

ts
 

as
se

ss
ed

 in
 b

ot
h 

gr
ou

ps
 b

y 
m

ea
ns

 
of

 a
 q

ue
st

io
n 

as
ke

d 
ea

ch
 v

is
it 

by
 a

 
re

se
ar

ch
 p

hy
si

ci
an

.
A

dr
en

al
 su

pp
re

ss
io

n 
w

as
 a

ss
es

se
d 

by
 m

ea
ns

 
of

 se
ru

m
 c

or
tis

ol
 

m
ea

su
re

m
en

t

A
fte

r 1
4 d

ay
s o

f t
re

at
m

en
t 

m
or

ni
ng

 se
ru

m
 c

or
tis

ol
 le

ve
ls

 
w

er
e 

si
gn

ifi
ca

nt
ly

 re
du

ce
d 

w
ith

 o
ra

l p
re

dn
is

ol
on

e 
(m

ea
n 

re
du

ct
io

n 
in

 se
ru

m
 

co
rt

is
ol

: 6
7.

3 n
m

ol
/L

 fo
r 

ci
cl

es
on

id
e 

an
d 

33
8.

5 n
m

ol
/L

 
fo

r p
re

dn
is

ol
on

e;
 p

 <
 0.

00
01

) 
co

m
pa

re
d 

to
 in

ha
le

d 
ci

cl
es

on
id

e.
 F

or
 o

th
er

 
ad

ve
rs

e 
ev

en
ts

 (o
nl

y 
re

po
rt

ed
 if

 o
cc

ur
ri

ng
 in

 ≥
 3 

pa
tie

nt
s d

ur
in

g 
tr

ea
tm

en
t) 

no
 d

iff
er

en
ce

s w
er

e 
se

en
 

be
tw

ee
n 

gr
ou

ps
 (p

al
pi

ta
tio

ns
, 

na
so

ph
ar

yn
gi

tis
, b

lo
od

 
le

uc
oc

yt
os

is
, h

ea
da

ch
e,

 
as

th
m

a 
ag

gr
av

at
ed

, d
ys

pn
ea

)

Va
rg

as
 e

t a
l. 

19
98

A
lle

rg
ic

 
R

hi
ni

tis
RC

T
10

5 
pa

tie
nt

s w
ith

 
se

as
on

al
 o

r p
er

en
ni

al
 

al
le

rg
ic

 rh
in

iti
s 

w
er

e 
ra

nd
om

iz
ed

.
To

ta
l n

um
be

r o
f 

pa
tie

nt
s i

nc
lu

de
d 

in
 a

na
ly

si
s =

 10
2.

N
o 

di
ffe

re
nc

es
 b

et
w

ee
n 

ag
e 

gr
ou

ps
 fr

om
 2

9.
7 

(p
la

ce
bo

) t
o 

35
.1

 
(p

re
dn

is
on

e 
7.

5)

Fl
ut

ic
as

on
e 

pr
op

io
na

te
 

aq
ue

ou
s n

as
al

 sp
ra

y 
(F

P 
A

N
S)

 v
er

su
s 

or
al

 p
re

dn
is

on
e.

—
Pr

ed
ni

so
ne

 7
.5

 m
g 

(N
 =

 20
)—

Pr
ed

ni
so

ne
 

15
 m

g 
(N

 =
 21

)
- F

P 
A

N
S 

20
0 

(N
 =

 20
)

- F
P 

A
N

S 
40

0 
(N

 =
 23

)
- P

la
ce

bo
 (N

 =
 21

)
D

ur
at

io
n:

 2
8–

30
 d

ay
s

C
o-

in
te

rv
en

tio
n:

 
IC

S 
no

t r
ep

or
te

d

Sa
fe

ty
 e

va
lu

at
io

n 
of

 F
P 

A
N

S 
by

 
co

m
pa

ri
ng

 it
s 

ef
fe

ct
s o

n 
th

e 
H

PA
 

ax
is

 w
ith

 th
os

e 
of

 
or

al
 p

re
dn

is
on

e
FU

 5
1 d

ay
s

Ev
al

ua
tio

n 
H

PA
 

ax
is

 b
y 

us
in

g 
th

e 
6-

h 
co

sy
nt

ro
pi

n 
te

st

4 w
ee

ks
 o

f t
re

at
m

en
t 

w
ith

 o
ra

l p
re

d-
ni

so
ne

 7
.5

 
or

 1
5 m

g 
on

ce
 d

ai
ly

 w
as

 
as

so
ci

at
ed

 w
ith

 si
gn

ifi
ca

nt
(p

 <
 0.

05
 v

s. 
pl

ac
eb

o)
 

re
du

ct
io

n 
in

 H
PA

-a
xi

s 
fu

nc
tio

n,
 a

s e
vi

-d
en

ce
d 

by
 lo

w
er

 p
la

sm
a 

co
rt

is
ol

 
co

nc
en

tr
at

io
ns

 a
fte

r 
co

sy
nt

ro
pi

n 
st

im
ul

at
io

n 
an

d 
re

du
ce

d 
m

ea
n 

24
-h

 
ur

in
ar

y 
co

rt
is

ol
 e

xc
re

tio
n.

Pr
ed

ni
so

ne
 re

gi
m

en
 

w
as

 a
ss

oc
ia

te
d 

w
ith

 a
 

si
gn

ifi
ca

nt
 re

du
ct

io
n 

in
 m

ea
n 

m
or

ni
ng

 p
la

sm
a 

co
rt

is
ol

 
co

nc
en

tr
at

io
ns

 c
om

pa
re

d 
to

 p
la

ce
bo

 (p
 <

 0.
05

)

(C
on

tin
ue

s)

T
A

B
L

E
 1

    
|    


(C

on
tin

ue
d)

 13989995, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/all.70332 by K

u L
euven, W

iley O
nline L

ibrary on [24/04/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



11Allergy, 2026

St
ud

y
D

is
ea

se
 

st
ud

ie
d

St
ud

y 
de

si
gn

Po
pu

la
ti

on
In

te
rv

en
ti

on
P

ri
m

ar
y 

st
ud

y 
ou

tc
om

e
A

ss
es

sm
en

t o
f 

ad
ve

rs
e 

ef
fe

ct
s

In
di

vi
du

al
 r

es
ul

ts

Ve
ne

ka
m

p 
et

 a
l. 

20
12

A
cu

te
 

rh
in

os
in

us
iti

s
R

an
do

m
iz

ed
 

D
ou

bl
e 

Bl
in

d 
RC

T

18
5 

pa
tie

nt
s e

nr
ol

le
d.

 
93

 in
 S

C
S 

gr
ou

p 
(o

f 
w

hi
ch

 8
8 

in
cl

ud
ed

 in
 

an
al

ys
is)

 a
nd

 9
2 

in
 

pl
ac

eb
o 

gr
ou

p 
(o

f w
hi

ch
 

86
 in

cl
ud

ed
 in

 a
na

ly
si

s)
A

ge
: f

or
 e

nt
ir

e 
se

t o
f 

en
ro

lle
d 

pa
tie

nt
s: 

M
ea

n 
(S

D
) a

ge
 S

C
S 

gr
ou

p:
 

43
.9

 (1
3.

6)
 y

ea
rs

.
M

ea
n 

(S
D

) a
ge

 p
la

ce
bo

 
gr

ou
p:

 4
2.

4 
(1

3.
7)

Ei
th

er
 p

re
d-

ni
so

lo
ne

 
30

 m
g/

d 
or

 p
la

ce
bo

 
fo

r 7
 d

ay
s

C
o-

in
te

rv
en

tio
n:

 
IC

S 
no

t r
ep

or
te

d

Th
e 

pr
im

ar
y 

ou
tc

om
e 

m
ea

su
re

 
w

as
 th

ep
ro

po
rt

io
n 

of
 p

at
ie

nt
s w

ith
 

re
so

lu
tio

n 
of

 fa
ci

al
 

pa
in

 o
r p

re
ss

ur
e 

on
 d

ay
 7

.
FU

 3
 w

ee
ks

A
dv

er
se

 e
ve

nt
s 

re
po

rt
ed

 b
y 

pa
rt

ic
ip

an
ts

A
dv

er
se

 e
ve

nt
s r

ep
or

te
d 

by
 p

ar
tic

ip
an

ts
 w

er
e 

m
ild

 a
nd

 d
id

 n
ot

 d
iff

er
 

be
tw

ee
n 

th
e 

gr
ou

ps
.

N
ot

 a
 si

ng
le

 A
E 

di
ffe

re
d 

si
gn

ifi
ca

nt
ly

 b
et

w
ee

n 
gr

ou
ps

 (g
as

tr
ic

 c
om

pl
ai

nt
, 

di
ar

rh
ea

, i
nc

re
as

ed
 a

pp
et

ite
, 

m
oo

d 
di

st
ur

ba
nc

e,
 sl

ee
p 

di
st

ur
ba

nc
e)

. N
ot

 in
 th

e 
fir

st
 n

or
 in

 th
e 

se
co

nd
 

w
ee

k 
of

 fo
llo

w
-u

p

X
u 

et
 a

l. 
20

20
C

R
Sw

N
P

RC
T

12
7 

pa
tie

nt
s w

ith
 

C
R

Sw
N

P
N

o 
di

ffe
re

nc
es

 
be

tw
ee

n 
ag

e 
gr

ou
ps

:
O

ra
l 

m
et

hy
lp

re
dn

is
ol

on
e:

 
44

.1
3 

(1
2.

03
)

N
as

al
 d

ro
ps

: 
48

.0
6 

(1
2.

96
)

N
as

al
 sp

ra
y:

 
44

.8
9 

(1
4.

67
)

25
6 m

g/
da

y 
Bu

de
so

ni
de

 N
S

(N
 =

 39
) v

s. 
25

6 m
g/

da
y 

Bu
de

so
ni

de
 N

S+
 1

 m
g/

da
y 

Bu
de

so
ni

de
 N

D
(N

 =
 38

) v
s. 

25
6 m

g/
da

y 
Bu

de
so

ni
de

 
N

S +
 2

4 m
g/

d 
m

et
hy

lp
re

dn
is

ol
on

e 
p.

o.
(N

 =
 4

0)
C

o-
in

te
rv

en
tio

n:
 

IC
S 

no
t r

ep
or

te
d

R
ed

uc
tio

n 
in

 T
ot

al
 

N
as

al
 S

ym
pt

om
 

Sc
or

e 
(T

N
SS

) a
nd

 
Si

no
na

sa
l O

ut
co

m
e 

Te
st

-2
2 

(S
N

O
T-

22
)

FU
 2

 w
ee

ks

A
dv

er
se

 e
ffe

ct
s 

w
er

e 
se

lf-
re

po
rt

ed
, 

re
co

rd
ed

 b
y 

cl
in

ic
ia

ns
, i

nc
lu

di
ng

 
ga

st
ro

in
te

st
in

al
 

di
sc

om
fo

rt
, s

le
ep

 
di

st
ur

ba
nc

es
, 

an
d 

sk
in

 ra
sh

A
t t

he
 e

nd
 o

f a
 7

-d
ay

 
tr

ea
tm

en
t, 

pa
tie

nt
s i

n 
th

e 
or

al
 st

er
oi

d 
gr

ou
p 

re
po

rt
ed

 
si

gn
ifi

ca
nt

ly
 m

or
e 

ad
ve

rs
e 

ef
fe

ct
s (

6/
40

, 1
5%

) c
om

pa
re

d 
to

 th
e 

na
sa

l s
pr

ay
 g

ro
up

 (0
/3

9;
 

p =
 0.

02
6)

. S
pe

ci
fic

 a
dv

er
se

 
ev

en
ts

 in
 th

e 
or

al
 st

er
oi

d 
gr

ou
p 

in
cl

ud
ed

 h
ea

da
ch

es
, 

ga
st

ro
in

te
st

in
al

 d
is

co
m

fo
rt

, 
an

d 
sl

ee
p 

di
so

rd
er

s

(C
on

tin
ue

s)

T
A

B
L

E
 1

    
|    


(C

on
tin

ue
d)

 13989995, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/all.70332 by K

u L
euven, W

iley O
nline L

ibrary on [24/04/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



12 Allergy, 2026

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 CRSwNP [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 St
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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 (0.5–1 g 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 0.5–1 g 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 

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 0.5–1 g 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 

FIGURE 2    |    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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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 1–5 g 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 Efraij in 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 “< 6 mg” 
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 

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.
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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 

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 > 10 g cumulative prednisolone equivalent; medium dose 5–10 g cumulative prednisolone equivalent; Low dose > 1–5 g cumulative prednisolone 
equivalent; Very low dose 0.5–1 g cumulative prednisolone equivalent.
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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 
studies from the same British research group, using overlapping 
patient databases [49, 53]. For all AEs with dose-dependent asso-
ciations, these two studies provided the only data on the highest 
sGCS dosage group. For six specific AEs (renal complications, 
glaucoma, cataract, anxiety/depression, peptic ulcer, and pneu-
monia), they were also the sole source of data for medium doses. 
While the populations and timings differed between these stud-
ies, some overlap exists as can be interpreted from the low or 
absent heterogeneity values for certain AEs. This should be con-
sidered when interpreting our results. For other meta-analyses 
relying on a higher number of papers, heterogeneity was sub-
stantial/considerable, which is common for analyses of large-
scale retrospective database studies that yield a high amount of 
data. Substantial or considerable between-study heterogeneity 
has a large effect on the width of the confidence interval of the 
overall effect estimate. However, our applied random-effects 
model accounts for between-study variance, ensuring that the 
confidence interval width of the overall effect estimate remains 
appropriate, even in cases of high between-study variance.

A second important limitation is the fact that our included stud-
ies do not take into account the potential systemic absorption of 
inhaled corticosteroids (ICS) when administered in high doses 
or due to incorrect inhaler technique that might contribute to 
CS-induced AEs [68]. Since asthma patients needing more sGCS 
are also likely to be treated by high-dose ICS, this phenomenon 
might lead to an overestimation of our results, especially for the 
high-dose sGCS data.

A final limitation of the study is our inability to fully separate 
delayed from immediate AEs. This is due to the retrospective 
nature of the majority of the included studies, which often 
did not specify the timing of AEs relative to sGCS courses. 
As a result, some data categorized as delayed AEs (e.g., pneu-
monia, fractures, dyspepsia) may actually reflect immediate T
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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 

FIGURE 5    |    Risk of bias analysis of individual studies. Review authors' judgments about each risk of bias item for (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.

 13989995, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/all.70332 by K

u L
euven, W

iley O
nline L

ibrary on [24/04/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



32 Allergy, 2026

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.

Funding

This project was supported by an EAACI Task Force Grant.

Affiliations
1Pharmaceutical Care Unit, Faculty of Pharmaceutical Sciences, 
Ghent University, Ghent, Belgium  |  2Department of Head and 
Skin, Upper Airways Research Laboratory, Ghent University, 
Ghent, Belgium  |  3Department of Otorhinolaryngology, 
Amsterdam University Medical Center, Amsterdam, the 
Netherlands  |  4Department of Otorhinolaryngology, Head and 
Neck Surgery, Greifswald University Medical Center, Greifswald, 
Germany  |  5Transylvania University, Brasov, Romania  |  6University 
Hospital of Münster, Münster, Germany  |  7First Affiliated Hospital, 
Sun Yat-Sen University, Guangzhou, China  |  8Department of 
Otorhinolaryngology and Center for Allergy and Environment 
(ZAUM), TUM School of Medicine and Health, TUM University 
Hospital, Klinikum Rechts der Isar, Technical University of Munich, 

FIGURE 6    |    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.

 13989995, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/all.70332 by K

u L
euven, W

iley O
nline L

ibrary on [24/04/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



33Allergy, 2026

Munich, Germany  |  9Biostatistics Unit, Faculty of Medicine and 
Health Sciences, Ghent University, Ghent, Belgium  |  10Department 
of Medical Sciences and Public Health, University of Cagliari, 
Monserrato, Italy  |  11Allergy Unit, Hospital Regional Universitario 
de Malaga, IBIMA-Plataforma BIONAND, RICORS Inflammatory 
Diseases, Malaga, Spain  |  12Royal National ENT Hospital, 
University College London Hospital, London, UK  |  13Department 
of Otorhinolaryngology, Head and Neck Surgery, University 
Hospitals Leuven, Leuven, Belgium  |  14King's College London, 
London, UK  |  15Center for Rhinology and Allergy, Wiesbaden, 
Germany  |  16ENT Department, Hospital Alvarez Buylla, Mieres, 
Asturias, Spain  |  17Rhinology and Skull Base Unit, Department 
of Otolaryngology, University Hospital Virgen del Rocío, 
Seville, Spain  |  18Department of Surgery, University of Seville, 
Seville, Spain  |  19ClinCompetence Cologne GmbH, Cologne, 
Germany  |  20Institute of Medical Statistics and Computational 
Biology, Faculty of Medicine, University of Cologne, Cologne, 
Germany  |  21Rhinology Unit and Smell Clinic, ENT Department, 
Hospital Clínic Barcelona, FRCB-IDIBAPS, Universitat de 
Barcelona, CIBERES, Barcelona, Catalonia, Spain  |  22Department 
of Pulmonology, Cliniques Universitaires Saint-Luc, Brussels, 
Belgium  |  23Department of Otorhinolaryngology, Head and 
Neck Surgery, Section of Rhinology and Allergy, University 
Hospital Marburg, Philipps-Universität Marburg, Marburg, 
Germany  |  24London Allergy and Immunology Centre, London, 
UK  |  25National Heart and Lung Institute, Imperial College London, 
London, UK  |  26NIHR Imperial Biomedical Research Centre, 
London, UK  |  27Department of General ORL, Head and Neck 
Surgery, Medical University of Graz, Graz, Austria  |  28Department 
of Otorhinolaryngology, University of Eastern Finland, Kuopio, 
Finland  |  29Department of Otorhinolaryngology, Wellbeing Services 
County of North Savo, Kuopio, Finland  |  30Department of Allergy, 
Helsinki University Hospital and University of Helsinki, Helsinki, 
Finland  |  31Department of Otorhinolaryngology, Cliniques 
Universitaires Saint-Luc, Brussels, Belgium

Conflicts of Interest

The authors declare no conflicts of interest. Evelijn Lourijsen has no 
conflicts of interest to report. Manon Blauwblomme has received 
grant/research support from GSK and Sanofi. Maria Dib has no con-
flicts of interest to report. Sanna Toppila-Salmi reports consultan-
cies for ALK-Abelló, AstraZeneca, Clario, ERT, GlaxoSmithKline, 
Novartis, Sanofi Pharma, OrionPharma, Roche Products, and 
grants from GlaxoSmithKline and Sanofi. All are outside the sub-
mitted work. Ludger Klimek has received research grants from 
Allergy Therapeutics/Bencard, Great Britain/Germany; ALK-Abelló, 
Denmark; Allergopharma, Germany; Aimmune, USA; ASIT Biotech, 
Belgium; AstraZeneca, Sweden; Bionorica, Germany; BioNTech, 
Germany; Biomay, Austria; Blueprint, USA; Boehringer Ingelheim, 
Germany; Celltrion, South Korea; Circassia, USA; Chiesi, Italy; Cytos, 
Switzerland; Curalogic, Denmark; HAL, Netherlands; Lofarma, Italy; 
Menarini, Italy; Viatris/Mylan, USA; Novartis, Switzerland; Leti, 
Spain; ROXALL, Germany; GlaxoSmithKline (GSK), Great Britain; 
Sanofi, France; Stallergenes, France; Thermofisher, USA; and/or has 
served on the speaker's bureau or was consulting for the above men-
tioned pharmaceutical companies. Ibon Eguiluz-Grazia has received 
honoraria for lectures and advisory activities from Chiesi, Gebro 
Pharma, Novartis, GSK, Sanofi, AstraZeneca, Abbvie, HAL Allergy, 
ALK, Diater, Leti Pharma, Allergopharma, Inmunotek, and Viatris. 
Charles Pilette has received unrestricted grants and/or honoraria for 
lectures and advisory boards by AstraZeneca, Chiesi, GSK, and Sanofi/
Regeneron. Miguel Maldonado has received consultancy and speaker 
fees from GSK and Sanofi–Regeneron. Sietze Reitsma has received con-
sultancy and speaker fees and research funds from GSK, Novartis, and 
Sanofi. Wytske Fokkens has received consultancy and speaker fees, and 
research funds from GSK, Astra Zeneca, Dianosic, and Sanofi. Koen 
Boussery has no conflict of interest to declare. Claus Bachert has re-
ceived consultancy and speaker fees from Sanofi, GSK, Astra Zeneca. 
Peter Hellings has received unrestricted grants and/or honoraria for 

lectures and advisory boards by Sanofi/Regeneron, Novartis, Viatris, 
Celltrion, and GSK. Joaquim Mullol has received research grants from 
and attended speaker bureaus and/or advisory boards for Almirall, 
AstraZeneca, Glenmark, GSK, Lilly, Menarini, MSD, Noucor/Uriach, 
Regeneron Pharmaceuticals Inc., Sanofi-Genzyme, and Viatris/MEDA 
Pharma. Ralph Mosges reports personal fees from ALK, grants from 
ASIT biotech, personal fees from allergopharma, grants and personal 
fees from Bencard, grants from Leti, grants, personal fees and non-
financial support from Lofarma, non-financial support from Roxall, 
grants and personal fees from Stallergenes, grants from Optima, per-
sonal fees from Friulchem, personal fees from Hexal, personal fees from 
Servier, personal fees from Klosterfrau, non-financial support from 
Atmos, personal fees from Bayer, non-financial support from Bionorica, 
personal fees from FAES, personal fees from GSK, personal fees from 
MSD, personal fees from Johnson&Johnson, personal fees from Meda, 
personal fees and non-financial support from Novartis, non-financial 
support from Otonomy, personal fees from Stada, personal fees from 
UCB, non-financial support from Ferrero, grants from Hulka, personal 
fees from Nuvo, grants and personal fees from Ursapharm, personal 
fees from Menarini, personal fees from Mundipharma, personal fees 
from Pohl-Boskamp, grants from Inmunotek, grants from Cassella-med 
GmbH & Co. KG, personal fees from Laboratoire de la Mer, personal 
fees from Sidroga, grants and personal fees from HAL BV, personal 
fees from Lek, personal fees from PRO-AdWise, personal fees from 
Angelini Pharma, grants and non-financial support from JGL, grants 
and personal fees from bitop, grants from Sanofi, grants and personal 
fees from Probelte Pharma, grants from Diater, personal fees from Worg 
Pharmaceuticals, grants and personal fees from Allergy Therapeutics 
Ltd., outside the submitted work. Peter Valentin Tomazic has no conflict 
of interest to report. Adam Chaker reports grants, speaker honoraria, 
consultancy or advisory fees and/or research support and other all via 
the Technical University of Munich, from, ALK-Abelló, AstraZeneca, 
Bencard Allergie, European Institute of Education and Technology 
(EIT Health), Federal Ministery of Education and Research (Germany), 
GSK, Hippo Dx, LETI, Novartis, Regeneron, Roche, Sanofi, Thermo 
Fisher Scientific and Zeller. Simon Gane has acted as a consultant and/
or advisory board member for Sanofi, GSK, and Novartis and has re-
ceived speaker fees for Glenmark Pharma, Sanofi. Juan Maza-Solano 
has received consultancy and speaker fees from GSK, Sanofi and Astra 
Zeneca. Michael Rudenko has no conflict of interest to report. Ioana 
Agache reports as Deputy Editor of Allergy. Roos Colman has no con-
flict of interest to report. Stefano Del Giacco reports speaker fees from 
AstraZeneca, Celltrion, Chiesi, GSK, Guidotti, Menarini, Novartis, 
Sanofi, Stallergenes, Takeda. Advisory board fees from AstraZeneca, 
Chiesi, CSL-Behring, GSK, Novartis, Sanofi, Takeda, and research 
grants from AstraZeneca, CSL-Behring, GSK, Novartis, Sanofi. Oliver 
Pfaar reports grants and/or personal fees and/or travel support from 
AEDA, Alfried Krupp Krankenhaus, ALK-Abelló, Allergopharma, 
Almirall, Altamira Therapeutics, ASIT Biotech, AstraZeneca, 
Bencard Allergie GmbH/Allergy Therapeutics, Blueprint, Cliantha, 
Deutsche AllergieLiga e.V., Deutsche Forschungsgemeinschaft, Dustri-
Verlag, ECM Expro&Conference Management GmBH, Forum für 
Medizinische Fortbildung, Georg-Thieme-Verlag, GSK, HAL Allergy 
Holding B.V./HAL Allergie GmbH, Inmunotek, Ingress Health, Institut 
für Disease Management, IQVIA Commercial, Japanese Society of 
Allergology, Königlich Dänisches Generalkonsulat, Laboratorios LETI/
LETI Pharma, Lilly, Lofarma, Medizinische Hochschule Hannover, 
med update europe GmbH, Meinhardt Congress GmbH, Novartis, Paul-
Ehrlich-Institut, Paul-Martini-Stiftung, PneumoLive, Pohl-Boskamp, 
Procter & Gamble, Red Maple Trials Inc., RG Aerztefortbildung, 
ROXALL Medizin, Sanofi Aventis, Sanofi Genzyme, Springer Publisher, 
Stallergenes Greer, streamedup! GmbH, Technical University Dresden, 
Wiley Publishers, Wort & Bild Verlag, Verlag ME; outside the submitted 
work, Oliver Pfaar is Vice President of the European Academy of Allergy 
and Clinical Immunology (EAACI), a member of EAACI Excom as well 
as a member of the external board of directors of the German Society of 
Allergy and Clinical Immunology (DGAKI); coordinator, main- or co-
author of different position papers and guidelines in rhinology, allergol-
ogy and allergen-immunotherapy; and he is Editor-in-Chief of Clinical 
Translational Allergy and Associate Editor of Allergy. Mohammed 

 13989995, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/all.70332 by K

u L
euven, W

iley O
nline L

ibrary on [24/04/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



34 Allergy, 2026

Shamji reports research grants from Immune Tolerance Network, 
Medical Research Council, Allergy Therapeutics, LETI Laboratorios, 
Rovolo Biotherapeutics and lecture fees from Allergy Therapeutics 
and Leti Laboratorios, all outside the submitted work. Claire Hopkins 
has participated in advisory boards and received speaker fees from 
AstraZeneca, GSK, Sanofi Genzyme, and Medtronic. Philippe Gevaert 
has participated in advisory boards and received speaker fees from 
ALK-Abelló, AstraZeneca, Genentech, GSK, Insmed, Lilly, Novartis, 
Regeneron, Roche, Sanofi Genzyme, and Stallergenes-Greer. Valerie 
Hox has received consultancy and speaker fees from GSK, Sanofi, Astra 
Zeneca, Celltrion, and ALK.

Data Availability Statement

The data that support the findings of this study are available from the 
corresponding author upon reasonable request.

References

1. GBD 2019 Diseases and Injuries Collaborators, “Global Burden of 
369 Diseases and Injuries in 204 Countries and Territories, 1990–2019: 
A Systematic Analysis for the Global Burden of Disease Study 2019,” 
Lancet 396, no. 10258 (2020): 1204–1222, https://​doi.​org/​10.​1016/​S0140​
-​6736(20)​30925​-​9.

2. W. J. Fokkens, V. J. Lund, C. Hopkins, et  al., “European Position 
Paper on Rhinosinusitis and Nasal Polyps 2020,” Rhinology 58, no. S29 
(2020): 1–464, https://​doi.​org/​10.​4193/​Rhin20.​600.

3. M. Kerkhof, T. N. Tran, J. B. Soriano, et  al., “Healthcare Resource 
Use and Costs of Severe, Uncontrolled Eosinophilic Asthma in the UK 
General Population,” Thorax 73, no. 2 (2018): 116–124, https://​doi.​org/​
10.​1136/​thora​xjnl-​2017-​210531.

4. E. S. Lourijsen, W. J. Fokkens, and S. Reitsma, “Direct and Indi-
rect Costs of Adult Patients With Chronic Rhinosinusitis With Nasal 
Polyps,” Rhinology 58, no. 3 (2020): 213–217, https://​doi.​org/​10.​4193/​
Rhin19.​468.

5. R. S. Zeiger, M. Schatz, A. A. Dalal, et al., “Utilization and Costs of 
Severe Uncontrolled Asthma in a Managed-Care Setting,” Journal of Al-
lergy and Clinical Immunology. In Practice 4, no. 1 (2016): 120, https://​
doi.​org/​10.​1016/j.​jaip.​2015.​08.​003.

6. “Global Initiative for Asthma, Global Strategy for Asthma Manage-
ment and Prevention,” (2024).

7. P. J. Barnes, “Glucocorticosteroids: Current and Future Directions,” 
British Journal of Pharmacology 163, no. 1 (2011): 29–43, https://​doi.​org/​
10.​1111/j.​1476-​5381.​2010.​01199.​x.

8. A. E. Coutinho and K. E. Chapman, “The Anti-Inflammatory and 
Immunosuppressive Effects of Glucocorticoids, Recent Developments 
and Mechanistic Insights,” Molecular and Cellular Endocrinology 335, 
no. 1 (2011): 2–13, https://​doi.​org/​10.​1016/j.​mce.​2010.​04.​005.

9. V. Hox, E. Lourijsen, A. Jordens, et al., “Benefits and Harm of Sys-
temic Steroids for Short- and Long-Term Use in Rhinitis and Rhinosi-
nusitis: An EAACI Position Paper,” Clinical and Translational Allergy 
10 (2020): 1, https://​doi.​org/​10.​1186/​s1360​1-​019-​0303-​6.

10. K. Head, L. Y. Chong, C. Hopkins, C. Philpott, M. J. Burton, and 
A. G. Schilder, “Short-Course Oral Steroids Alone for Chronic Rhi-
nosinusitis,” Cochrane Database of Systematic Reviews 26, no. 4 (2016): 
CD011991, https://​doi.​org/​10.​1002/​14651​858.​CD011​991.​pub2.

11. E. R. Bleecker, A. N. Menzies-Gow, D. B. Price, et al., “Systematic 
Literature Review of Systemic Corticosteroid Use for Asthma Manage-
ment,” American Journal of Respiratory and Critical Care Medicine 201, 
no. 3 (2020): 276–293, https://​doi.​org/​10.​1164/​rccm.​20190​4-​0903SO.

12. S. Scheire, S. Germonpre, E. Mehuys, et al., “Rhinitis Control and 
Medication Use in a Real-World Sample of Patients With Persistent 
Rhinitis or Rhinosinusitis: A Community Pharmacy Study,” Journal 

of Allergy and Clinical Immunology. In Practice 12, no. 7 (2024): 1865–
1876, https://​doi.​org/​10.​1016/j.​jaip.​2024.​04.​031.

13. G. G. Brusselle and G. H. Koppelman, “Biologic Therapies for Severe 
Asthma,” New England Journal of Medicine 386, no. 2 (2022): 157–171, 
https://​doi.​org/​10.​1056/​NEJMr​a2032506.

14. H. H. Kariyawasam, D. P. Chandrasekharan, T. Jacques, et al., “Bi-
ologic Treatment for Severe Chronic Rhinosinusitis With Nasal Polyps: 
A Systematic Review and Meta-Analysis,” Rhinology 61, no. 2 (2023): 
98–107, https://​doi.​org/​10.​4193/​Rhin22.​412.

15. J. R. Curtis, A. O. Westfall, J. Allison, et al., “Population-Based As-
sessment of Adverse Events Associated With Long-Term Glucocorticoid 
Use,” Arthritis and Rheumatism 55, no. 3 (2006): 420–426, https://​doi.​
org/​10.​1002/​art.​21984​.

16. Y. Edel, T. Avni, D. Shepshelovich, et al., “The Safety of Pulse Corti-
costeroid Therapy- Systematic Review and Meta-Analysis,” Seminars in 
Arthritis and Rheumatism 50, no. 3 (2020): 534–545, https://​doi.​org/​10.​
1016/j.​semar​thrit.​2019.​11.​006.

17. J. B. Rice, A. G. White, L. M. Scarpati, G. Wan, and W. W. Nelson, 
“Long-Term Systemic Corticosteroid Exposure: A Systematic Literature 
Review,” Clinical Therapeutics 39, no. 11 (2017): 2216–2229, https://​doi.​
org/​10.​1016/j.​clint​hera.​2017.​09.​011.

18. C. L. Shorey, R. T. Mulla, and J. G. Mielke, “The Effects of Synthetic 
Glucocorticoid Treatment for Inflammatory Disease on Brain Structure, 
Function, and Dementia Outcomes: A Systematic Review,” Brain Research 
1798 (2023): 148157, https://​doi.​org/​10.​1016/j.​brain​res.​2022.​148157.

19. D. Price, M. Castro, A. Bourdin, S. Fucile, and P. Altman, “Short-
Course Systemic Corticosteroids in Asthma: Striking the Balance Be-
tween Efficacy and Safety,” European Respiratory Review 29, no. 155 
(2020): 190151, https://​doi.​org/​10.​1183/​16000​617.​0151-​2019.

20. E. L. Sophie Scheire, V. Hox, P. Gevaert, M. Dib, and M. Blauw-
blomme, The Harm of Systemic Glucocorticosteroids in Upper Airway 
Disease and Asthma: A Systematic Review. Prospero 2020 and 2024, 
https://​www.​crd.​york.​ac.​uk/​prosp​ero/​displ​ay_​record.​php?​ID=​CRD42​
02015​5198.

21. L. Zorzela, Y. K. Loke, J. P. Ioannidis, et al., “PRISMA Harms Check-
list: Improving Harms Reporting in Systematic Reviews,” BMJ 352 
(2016): i157, https://​doi.​org/​10.​1136/​bmj.​i157.

22. J. A. C. Sterne, J. Savović, M. J. Page, et al., “RoB 2: A Revised Tool 
for Assessing Risk of Bias in Randomised Trials,” British Medical Jour-
nal 366 (2019): l4898.

23. J. A. C. Sterne, M. A. Hernán, B. C. Reeves, et  al., “ROBINS-I: A 
Tool for Assessing Risk of Bias in Non-Randomized Studies of Interven-
tions,” British Medical Journal 355 (2016): i4919.

24. J. J. Deeks and D. G. Altman, “Chapter  10: Analysing Data and 
Undertaking Meta-Analyses,” in Cochrane Handbook for Systematic 
Reviews of Interventions Version 64, ed. J. P. Higgins, J. Chandler, M. 
Cumpston, T. Li, M. J. Page, and V. A. Welch (Cochrane, 2023).

25. M. Thamer, M. A. Hernan, Y. Zhang, D. Cotter, and M. Petri, 
“Prednisone, Lupus Activity, and Permanent Organ Damage,” Jour-
nal of Rheumatology 36, no. 3 (2009): 560–564, https://​doi.​org/​10.​3899/​
jrheum.​080828.

26. B. S. Berthon, P. G. Gibson, P. McElduff, L. K. MacDonald-Wicks, 
and L. G. Wood, “Effects of Short-Term Oral Corticosteroid Intake 
on Dietary Intake, Body Weight and Body Composition in Adults 
With Asthma–A Randomized Controlled Trial,” Clinical and Ex-
perimental Allergy 45, no. 5 (2015): 908–919, https://​doi.​org/​10.​1111/​
cea.​12505​.

27. M. T. Chang, J. Noel, N. F. Ayoub, et al., “Oral Corticosteroids Fol-
lowing Endoscopic Sinus Surgery for Chronic Rhinosinusitis Without 
Nasal Polyposis: A Randomized Clinical Trial,” JAMA Otolaryngology. 
Head & Neck Surgery 147, no. 5 (2021): 434–441, https://​doi.​org/​10.​1001/​
jamao​to.​2021.​0011.

 13989995, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/all.70332 by K

u L
euven, W

iley O
nline L

ibrary on [24/04/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1016/S0140-6736(20)30925-9
https://doi.org/10.1016/S0140-6736(20)30925-9
https://doi.org/10.4193/Rhin20.600
https://doi.org/10.1136/thoraxjnl-2017-210531
https://doi.org/10.1136/thoraxjnl-2017-210531
https://doi.org/10.4193/Rhin19.468
https://doi.org/10.4193/Rhin19.468
https://doi.org/10.1016/j.jaip.2015.08.003
https://doi.org/10.1016/j.jaip.2015.08.003
https://doi.org/10.1111/j.1476-5381.2010.01199.x
https://doi.org/10.1111/j.1476-5381.2010.01199.x
https://doi.org/10.1016/j.mce.2010.04.005
https://doi.org/10.1186/s13601-019-0303-6
https://doi.org/10.1002/14651858.CD011991.pub2
https://doi.org/10.1164/rccm.201904-0903SO
https://doi.org/10.1016/j.jaip.2024.04.031
https://doi.org/10.1056/NEJMra2032506
https://doi.org/10.4193/Rhin22.412
https://doi.org/10.1002/art.21984
https://doi.org/10.1002/art.21984
https://doi.org/10.1016/j.semarthrit.2019.11.006
https://doi.org/10.1016/j.semarthrit.2019.11.006
https://doi.org/10.1016/j.clinthera.2017.09.011
https://doi.org/10.1016/j.clinthera.2017.09.011
https://doi.org/10.1183/16000617.0151-2019
https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42020155198
https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42020155198
https://doi.org/10.1136/bmj.i157
https://doi.org/10.3899/jrheum.080828
https://doi.org/10.3899/jrheum.080828
https://doi.org/10.1111/cea.12505
https://doi.org/10.1111/cea.12505
https://doi.org/10.1001/jamaoto.2021.0011
https://doi.org/10.1001/jamaoto.2021.0011


35Allergy, 2026

28. P. Hissaria, W. Smith, P. J. Wormald, et al., “Short Course of Sys-
temic Corticosteroids in Sinonasal Polyposis: A Double-Blind, Random-
ized, Placebo-Controlled Trial With Evaluation of Outcome Measures,” 
Journal of Allergy and Clinical Immunology 118, no. 1 (2006): 128–133, 
https://​doi.​org/​10.​1016/j.​jaci.​2006.​03.​012.

29. M. Karaki, K. Akiyama, and N. Mori, “Efficacy of Intranasal Ste-
roid Spray (Mometasone Furoate) on Treatment of Patients With Sea-
sonal Allergic Rhinitis: Comparison With Oral Corticosteroids,” Auris, 
Nasus, Larynx 40, no. 3 (2013): 277–281, https://​doi.​org/​10.​1016/j.​anl.​
2012.​09.​004.

30. M. L. Levy, C. Stevenson, and T. Maslen, “Comparison of Short 
Courses of Oral Prednisolone and Fluticasone Propionate in the Treat-
ment of Adults With Acute Exacerbations of Asthma in Primary Care,” 
Thorax 51, no. 11 (1996): 1087–1092, https://​doi.​org/​10.​1136/​thx.​51.​
11.​1087.

31. R. M. McNamara and J. M. Rubin, “Intramuscular Methylprednis-
olone Acetate for the Prevention of Relapse in Acute Asthma,” Annals 
of Emergency Medicine 22, no. 12 (1993): 1829–1835, https://​doi.​org/​10.​
1016/​s0196​-​0644(05)​80409​-​3.

32. S. Vaidyanathan, M. Barnes, P. Williamson, P. Hopkinson, P. T. 
Donnan, and B. Lipworth, “Treatment of Chronic Rhinosinusitis 
With Nasal Polyposis With Oral Steroids Followed by Topical Ste-
roids: A Randomized Trial,” Annals of Internal Medicine 154, no. 5 
(2011): 293–302, https://​doi.​org/​10.​7326/​0003-​4819-​154-​5-​20110​3010-​
00003​.

33. M. van den Berge, S. H. Arshad, P. W. Ind, et al., “Similar Efficacy 
of Ciclesonide Versus Prednisolone to Treat Asthma Worsening After 
Steroid Tapering,” Respiratory Medicine 103, no. 8 (2009): 1216–1223, 
https://​doi.​org/​10.​1016/j.​rmed.​2009.​01.​024.

34. R. P. Venekamp, M. J. Bonten, M. M. Rovers, T. J. Verheij, and A. P. 
Sachs, “Systemic Corticosteroid Monotherapy for Clinically Diagnosed 
Acute Rhinosinusitis: A Randomized Controlled Trial,” CMAJ 184, no. 
14 (2012): E751-7, https://​doi.​org/​10.​1503/​cmaj.​120430.

35. Z. Xu, X. Luo, L. Xu, et  al., “Effect of Short-Course Glucocorti-
coid Application on Patients With Chronic Rhinosinusitis With Nasal 
Polyps,” World Allergy Organization Journal 13, no. 6 (2020): 100131, 
https://​doi.​org/​10.​1016/j.​waojou.​2020.​100131.

36. Y. Zhang, C. Wang, Y. Huang, H. Lou, and L. Zhang, “Efficacy of 
Short-Term Systemic Corticosteroid Therapy in Chronic Rhinosinus-
itis With Nasal Polyps: A Meta-Analysis of Randomized Controlled 
Trials and Systematic Review,” American Journal of Rhinology & Al-
lergy 33, no. 5 (2019): 567–576, https://​doi.​org/​10.​1177/​19458​92419​
851312.

37. E. S. Brown, T. Suppes, D. A. Khan, and T. J. Carmody, 3rd, “Mood 
Changes During Prednisone Bursts in Outpatients With Asthma,” Jour-
nal of Clinical Psychopharmacology 22, no. 1 (2002): 55–61.

38. R. Vargas, R. J. Dockhorn, S. R. Findlay, P. E. Korenblat, E. A. Field, 
and K. M. Kral, “Effect of Fluticasone Propionate Aqueous Nasal Spray 
Versus Oral Prednisone on the Hypothalamic-Pituitary-Adrenal Axis,” 
Journal of Allergy and Clinical Immunology 102, no. 2 (1998): 191–197, 
https://​doi.​org/​10.​1016/​s0091​-​6749(98)​70085​-​5.

39. W. C. Howland, 3rd, R. Dockhorn, S. Gillman, et al., “A Comparison 
of Effects of Triamcinolone Acetonide Aqueous Nasal Spray, Oral Pred-
nisone, and Placebo on Adrenocortical Function in Male Patients With 
Allergic Rhinitis,” Journal of Allergy and Clinical Immunology 98, no. 1 
(1996): 32–38, https://​doi.​org/​10.​1016/​s0091​-​6749(96)​70223​-​3.

40. K. Aasbjerg, C. Torp-Pedersen, A. Vaag, and V. Backer, “Treating 
Allergic Rhinitis With Depot-Steroid Injections Increase Risk of Oste-
oporosis and Diabetes,” Respiratory Medicine 107, no. 12 (2013): 1852–
1858, https://​doi.​org/​10.​1016/j.​rmed.​2013.​09.​007.

41. O. A. Ayodele, H. J. Cabral, D. D. McManus, and S. S. Jick, “Gluco-
corticoids and Risk of Venous Thromboembolism in Asthma Patients 

Aged 20–59 Years in the United Kingdom's CPRD 1995–2015,” Clinical 
Epidemiology 14 (2022): 83–93, https://​doi.​org/​10.​2147/​CLEP.​S341048.

42. L. E. Barry, C. O'Neill, C. Patterson, J. Sweeney, D. Price, and L. 
G. Heaney, “Age and Sex Associations With Systemic Corticosteroid-
Induced Morbidity in Asthma,” Journal of Allergy and Clinical Immu-
nology: In Practice 6, no. 6 (2018): 2014–2023, https://​doi.​org/​10.​1016/j.​
jaip.​2018.​04.​008.

43. M. Bloechliger, D. Reinau, J. Spoendlin, et al., “Adverse Events Pro-
file of Oral Corticosteroids Among Asthma Patients in the UK: Cohort 
Study With a Nested Case-Control Analysis,” Respiratory Research 19, 
no. 1 (2018): 75, https://​doi.​org/​10.​1186/​s1293​1-​018-​0742-​y.

44. C. V. Chalitsios, D. E. Shaw, and T. M. McKeever, “Risk of Osteoporo-
sis and Fragility Fractures in Asthma due to Oral and Inhaled Cortico-
steroids: Two Population-Based Nested Case-Control Studies,” Thorax 
76, no. 1 (2021): 21–28, https://​doi.​org/​10.​1136/​thora​xjnl-​2020-​215664.

45. J. Chang, H. S. Jeon, C. Kim, et  al., “Adverse Impacts of Cortico-
steroid Treatment on Osteoporosis/Osteopenia in Adult Asthmatics: A 
Retrospective ICARUS Cohort Study,” Journal of Allergy and Clinical 
Immunology. In Practice 13, no. 2 (2025): 310–319, https://​doi.​org/​10.​
1016/j.​jaip.​2024.​10.​016.

46. A. A. Dalal, M. S. Duh, L. Gozalo, et al., “Dose-Response Relation-
ship Between Long-Term Systemic Corticosteroid Use and Related 
Complications in Patients With Severe Asthma,” Journal of Managed 
Care & Specialty Pharmacy 22, no. 7 (2016): 833–847, https://​doi.​org/​10.​
18553/​​jmcp.​2016.​22.7.​833.

47. J. Daugherty, X. Lin, R. Baxter, R. Suruki, and E. Bradford, “The 
Impact of Long-Term Systemic Glucocorticoid Use in Severe Asthma: A 
UK Retrospective Cohort Analysis,” Journal of Asthma 55, no. 6 (2018): 
651–658, https://​doi.​org/​10.​1080/​02770​903.​2017.​1353612.

48. G. E. Davis, R. S. Zeiger, B. Emmanuel, et  al., “Systemic 
Corticosteroid-Related Adverse Outcomes and Health Care Resource 
Utilization and Costs Among Patients With Chronic Rhinosinusitis 
With Nasal Polyposis,” Clinical Therapeutics 44, no. 9 (2022): 1187–
1202, https://​doi.​org/​10.​1016/j.​clint​hera.​2022.​08.​004.

49. H. Heatley, T. N. Tran, A. Bourdin, et al., “Observational UK Co-
hort Study to Describe Intermittent Oral Corticosteroid Prescribing 
Patterns and Their Association With Adverse Outcomes in Asthma,” 
Thorax 78, no. 9 (2023): 860–867, https://​doi.​org/​10.​1136/​thora​
x-​2022-​219642.

50. H. Kankaanranta, A. Viinanen, P. Ilmarinen, et al., “Comorbidity Bur-
den in Severe and Nonsevere Asthma: A Nationwide Observational Study 
(FINASTHMA),” Journal of Allergy and Clinical Immunology. In Practice 
12, no. 1 (2024): 135–145, https://​doi.​org/​10.​1016/j.​jaip.​2023.​09.​034.

51. P. Lefebvre, M. S. Duh, M. H. Lafeuille, et al., “Acute and Chronic 
Systemic Corticosteroid-Related Complications in Patients With Severe 
Asthma,” Journal of Allergy and Clinical Immunology 136, no. 6 (2015): 
1488–1495, https://​doi.​org/​10.​1016/j.​jaci.​2015.​07.​046.

52. P. Li, L. Ghazala, E. Wright, J. Beach, D. Morrish, and D. Vethan-
ayagam, “Prevalence of Osteopenia and Osteoporosis in Patients With 
Moderate to Severe Asthma in Western Canada,” Clinical and Investi-
gative Medicine 38, no. 2 (2015): E23–E30, https://​doi.​org/​10.​25011/​​cim.​
v38i1.​22573​.

53. D. B. Price, F. Trudo, J. Voorham, et al., “Adverse Outcomes From 
Initiation of Systemic Corticosteroids for Asthma: Long-Term Observa-
tional Study,” Journal of Asthma and Allergy 11 (2018): 193–204, https://​
doi.​org/​10.​2147/​JAA.​S176026.

54. I. R. Skov, H. Madsen, D. P. Henriksen, J. H. Andersen, A. Potte-
gard, and J. R. Davidsen, “Low-Dose Oral Corticosteroids in Asthma 
Associates With Increased Morbidity and Mortality,” European Respi-
ratory Journal 60, no. 3 (2022): 2103054, https://​doi.​org/​10.​1183/​13993​
003.​03054​-​2021.

55. P. W. Sullivan, V. H. Ghushchyan, G. Globe, and M. Schatz, “Oral 
Corticosteroid Exposure and Adverse Effects in Asthmatic Patients,” 

 13989995, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/all.70332 by K

u L
euven, W

iley O
nline L

ibrary on [24/04/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1016/j.jaci.2006.03.012
https://doi.org/10.1016/j.anl.2012.09.004
https://doi.org/10.1016/j.anl.2012.09.004
https://doi.org/10.1136/thx.51.11.1087
https://doi.org/10.1136/thx.51.11.1087
https://doi.org/10.1016/s0196-0644(05)80409-3
https://doi.org/10.1016/s0196-0644(05)80409-3
https://doi.org/10.7326/0003-4819-154-5-201103010-00003
https://doi.org/10.7326/0003-4819-154-5-201103010-00003
https://doi.org/10.1016/j.rmed.2009.01.024
https://doi.org/10.1503/cmaj.120430
https://doi.org/10.1016/j.waojou.2020.100131
https://doi.org/10.1177/1945892419851312
https://doi.org/10.1177/1945892419851312
https://doi.org/10.1016/s0091-6749(98)70085-5
https://doi.org/10.1016/s0091-6749(96)70223-3
https://doi.org/10.1016/j.rmed.2013.09.007
https://doi.org/10.2147/CLEP.S341048
https://doi.org/10.1016/j.jaip.2018.04.008
https://doi.org/10.1016/j.jaip.2018.04.008
https://doi.org/10.1186/s12931-018-0742-y
https://doi.org/10.1136/thoraxjnl-2020-215664
https://doi.org/10.1016/j.jaip.2024.10.016
https://doi.org/10.1016/j.jaip.2024.10.016
https://doi.org/10.18553/jmcp.2016.22.7.833
https://doi.org/10.18553/jmcp.2016.22.7.833
https://doi.org/10.1080/02770903.2017.1353612
https://doi.org/10.1016/j.clinthera.2022.08.004
https://doi.org/10.1136/thorax-2022-219642
https://doi.org/10.1136/thorax-2022-219642
https://doi.org/10.1016/j.jaip.2023.09.034
https://doi.org/10.1016/j.jaci.2015.07.046
https://doi.org/10.25011/cim.v38i1.22573
https://doi.org/10.25011/cim.v38i1.22573
https://doi.org/10.2147/JAA.S176026
https://doi.org/10.2147/JAA.S176026
https://doi.org/10.1183/13993003.03054-2021
https://doi.org/10.1183/13993003.03054-2021


36 Allergy, 2026

Journal of Allergy and Clinical Immunology 141, no. 1 (2018): 110–116, 
https://​doi.​org/​10.​1016/j.​jaci.​2017.​04.​009.

56. J. Sweeney, C. C. Patterson, A. Menzies-Gow, et al., “Comorbidity 
in Severe Asthma Requiring Systemic Corticosteroid Therapy: Cross-
Sectional Data From the Optimum Patient Care Research Database and 
the British Thoracic Difficult Asthma Registry,” Thorax 71, no. 4 (2016): 
339–346, https://​doi.​org/​10.​1136/​thora​xjnl-​2015-​207630.

57. C. Taube, P. Bramlage, A. Hofer, and D. Anderson, “Prevalence of 
Oral Corticosteroid Use in the German Severe Asthma Population,” 
ERJ Open Res 5, no. 4 (2019): 92–2019, https://​doi.​org/​10.​1183/​23120​541.​
00092​-​2019.

58. Y. To, Y. Taguchi, T. Shimazaki, et al., “Real-World Treatment and 
Health Care Resource Use Among Severe Asthma Patients in Japan,” 
Respiratory Investigation 59, no. 4 (2021): 464–477, https://​doi.​org/​10.​
1016/j.​resinv.​2021.​02.​010.

59. J. Voorham, X. Xu, D. B. Price, et al., “Healthcare Resource Utili-
zation and Costs Associated With Incremental Systemic Corticosteroid 
Exposure in Asthma,” Allergy 74, no. 2 (2019): 273–283, https://​doi.​org/​
10.​1111/​all.​13556​.

60. S. S. Wu, M. Vu, O. Motawakel, et al., “Adverse Consequences of Sys-
temic Corticosteroids Use Among a Broad Population of US Adults With 
Asthma: A Real-World Analysis,” Journal of Medical Economics 28, no. 
1 (2025): 413–424, https://​doi.​org/​10.​1080/​13696​998.​2025.​2477877.

61. J. L. Zazzali, M. S. Broder, T. A. Omachi, E. Chang, G. H. Sun, and 
K. Raimundo, “Risk of Corticosteroid-Related Adverse Events in Asthma 
Patients With High Oral Corticosteroid Use,” Allergy and Asthma Proceed-
ings 36, no. 4 (2015): 268–274, https://​doi.​org/​10.​2500/​aap.​2015.​36.​3863.

62. R. Zeiger, P. Sullivan, Y. Chung, J. L. Kreindler, N. M. Zimmerman, 
and J. Tkacz, “Systemic Corticosteroid-Related Complications and 
Costs in Adults With Persistent Asthma,” Journal of Allergy and Clinical 
Immunology. In Practice 8, no. 10 (2020): 3455–3465, https://​doi.​org/​10.​
1016/j.​jaip.​2020.​06.​055.

63. K. al Efraij, K. M. Johnson, D. Wiebe, M. Sadatsafavi, and J. M. 
FitzGerald, “A Systematic Review of the Adverse Events and Economic 
Impact Associated With Oral Corticosteroids in Asthma,” Journal of 
Asthma 56, no. 12 (2019): 1334–1346, https://​doi.​org/​10.​1080/​02770​903.​
2018.​1539100.

64. S. Tamene, K. Dalhoff, P. Schwarz, V. Backer, and K. Aanaes, “Sys-
temic Corticosteroids in Treatment of Chronic Rhinosinusitis-A Sys-
tematic Review,” European Clinical Respiratory Journal 10, no. 1 (2023): 
2240511, https://​doi.​org/​10.​1080/​20018​525.​2023.​2240511.

65. R. M. Leung, K. Dinnie, and T. L. Smith, “When Do the Risks of Re-
peated Courses of Corticosteroids Exceed the Risks of Surgery?,” Inter-
national Forum of Allergy & Rhinology 4, no. 11 (2014): 871–876, https://​
doi.​org/​10.​1002/​alr.​21377​.

66. R. M. Leung, T. L. Smith, R. C. Kern, et al., “Should Oral Corticoste-
roids Be Used in Medical Therapy for Chronic Rhinosinusitis? A Risk 
Analysis,” Laryngoscope 131, no. 3 (2021): 473–481, https://​doi.​org/​10.​
1002/​lary.​28843​.

67. G. J. Braunstahl, “United Airways Concept: What Does It Teach Us 
About Systemic Inflammation in Airways Disease?,” Proceedings of the 
American Thoracic Society 6, no. 8 (2009): 652–654, https://​doi.​org/​10.​
1513/​pats.​20090​6-​052DP​.

68. R. Patel, S. A. Naqvi, C. Griffiths, and C. I. Bloom, “Systemic Ad-
verse Effects From Inhaled Corticosteroid Use in Asthma: A System-
atic Review,” BMJ Open Respiratory Research 7, no. 1 (2020): e000756, 
https://​doi.​org/​10.​1136/​bmjre​sp-​2020-​000756.

Supporting Information

Additional supporting information can be found online in the 
Supporting Information section. Data S1: all70332-sup-0001-Supinfo1.
docx. Data S2: all70332-sup-0002-Supinfo2.docx. Figure S1: all70332-
sup-0003-Figures.docx. 

 13989995, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/all.70332 by K

u L
euven, W

iley O
nline L

ibrary on [24/04/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1016/j.jaci.2017.04.009
https://doi.org/10.1136/thoraxjnl-2015-207630
https://doi.org/10.1183/23120541.00092-2019
https://doi.org/10.1183/23120541.00092-2019
https://doi.org/10.1016/j.resinv.2021.02.010
https://doi.org/10.1016/j.resinv.2021.02.010
https://doi.org/10.1111/all.13556
https://doi.org/10.1111/all.13556
https://doi.org/10.1080/13696998.2025.2477877
https://doi.org/10.2500/aap.2015.36.3863
https://doi.org/10.1016/j.jaip.2020.06.055
https://doi.org/10.1016/j.jaip.2020.06.055
https://doi.org/10.1080/02770903.2018.1539100
https://doi.org/10.1080/02770903.2018.1539100
https://doi.org/10.1080/20018525.2023.2240511
https://doi.org/10.1002/alr.21377
https://doi.org/10.1002/alr.21377
https://doi.org/10.1002/lary.28843
https://doi.org/10.1002/lary.28843
https://doi.org/10.1513/pats.200906-052DP
https://doi.org/10.1513/pats.200906-052DP
https://doi.org/10.1136/bmjresp-2020-000756

	Meta-Analysis on the Harm of Systemic Glucocorticosteroids in Inflammatory Upper Airway Disease and Asthma: An EAACI Task Force
	ABSTRACT
	1   |   Introduction
	2   |   Methods
	2.1   |   Study Inclusion Criteria and Outcomes
	2.2   |   Definitions of AEs
	2.3   |   Search Strategy
	2.4   |   Study Selection
	2.5   |   Data Extraction Process
	2.6   |   Assessment of Risk of Bias in Individual Studies
	2.7   |   Data Analysis
	2.8   |   Assessment of Heterogeneity
	2.9   |   Additional Analyses

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

	3.2   |   Synthesis of Results
	3.2.1   |   Primary Outcome: Occurrence of AEs in Patients Receiving sGCS vs. no sGCS
	3.2.1.1   |   Immediate AEs of Systemic GCS vs. no GCS
	3.2.1.1.1   |   Meta-Analysis.  
	3.2.1.1.2   |   Narrative Synthesis.  

	3.2.1.2   |   Delayed AEs of Systemic GCS vs. no GCS
	3.2.1.2.1   |   Meta-Analysis.  
	3.2.1.2.2   |   Narrative Synthesis.  


	3.2.2   |   Secondary Outcomes
	3.2.2.1   |   Serious AEs.  
	3.2.2.2   |   Association Between sGCS Dosages and Adverse Event Risk
	3.2.2.2.1   |   Dosages Calculated as a Cumulative Dose.  
	3.2.2.2.2   |   Dosages Calculated as a Mean Daily Dose.  



	3.3   |   Risk of Bias Within Studies
	3.4   |   Subgroup and Sensitivity Analyses

	4   |   Discussion
	4.1   |   sGCS Use Associated With Diverse AEs
	4.2   |   Cumulative Dose–Response Effect of sGCS on AEs
	4.3   |   Comparison to Previously Published Work
	4.4   |   Strengths and Limitations of Our Work
	4.5   |   Impact on Clinical Practice

	Funding
	Conflicts of Interest
	Data Availability Statement
	References


