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ABSTRACT

Background: Oral corticosteroids (OCSs) are often used to achieve asthma control. OCS-
related comorbidities increase the burden of disease for patients and healthcare providers.
Most studies characterizing OCS use and risk of adverse events (AEs) are in non-asthma
patients. We sought to systematically review the literature on the burden of OCS use among
adults with asthma. Methods: We systematically reviewed the literature including MEDLINE
(1946-May 2017), EMBASE (1974-May 2017), and the Cochrane Library (2005-May 2017) to
identify studies that considered AEs due to OCS treatment of adults with asthma, their bur-
den on healthcare utilization, and costs. Results: We retrieved 9,589 citations; and 15 studies
were included. AEs were significantly higher among OCS-users compared with non-OCS
users with pooled adjusted odds ratio (OR) 1.68 (95% Cl 1.15-2.46) for diabetes mellitus and
1.34 (95% Cl 1.23-1.46) for hypertension. Among high dose OCS-users (>10 mg) compared
with non-OCS users, the pooled adjusted ORs for development of any complication was
3.35 (95% Cl 2.94-3.82), and bone and muscle complications 2.30 (95% Cl 2.18-2.42). The
risk of any complication increased with higher doses of OCS, with pooled adjusted OR from
2 studies of 2.26 (95% Cl 1.37-3.72), 2.94 (95% Cl 2.62-3.29) and 3.35 (95% Cl 2.94-3.82) for
low dose (<6 mg), medium dose (5-12 mg) and high dose (>10 mg) respectively compared
with no OCS use. Conclusions: The use of OCS in the management of asthma is associated
with a higher risk of complications. This risk is higher as the OCS dose increases.
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Introduction such an intervention but of note there is an emerging
body of evidence that at least in adults, quadrupling
the dose of ICS can be used to prevent an asthma
exacerbation and therefore avoid some of the systemic

side effects of a course of OCS [4]. With regard to

Asthma is a heterogeneous disease, usually character-
ized by chronic airway inflammation. It is associated
with a significant burden on patients and society,

affecting 1-18% of the population in different coun-
tries. Characterized by chronic symptoms and inter-
mittent flare-ups, asthma as an entity can be life
threatening in the context of acute exacerbations, this
risk being predicted partially by disease control [1].
Approximately, 5-10% of patients with asthma remain
uncontrolled despite use of high doses of inhaled cor-
ticosteroids and other controller medications [2]. Oral
corticosteroids (OCSs) are used as both acute (man-
agement of exacerbations) and chronic (maintenance
add-on) therapy, due to their potent anti-inflamma-
tory and immunosuppressive effects [1,3]. In the con-
text of acute asthma exacerbations, there is an
extensive body of evidence showing the benefits of

chronic OCS use for more severe asthma, there is a
much less impressive body of evidence supporting
efficacy but also a lack of data on the impact on
patients specifically with asthma. Studies of different
chronic diseases show that long-term exposure to
OCS:s is associated with a wide range of increased risk
of adverse events (AEs) including osteoporosis, hyper-
tension, diabetes, and metabolic syndrome, dyslipide-
mia, obesity, cataracts, glaucoma, gastrointestinal
bleeds/ulcers, tuberculosis, depression, and infections
[5-7]. A systematic review of such studies (across dif-
ferent diseases) showed that they increase the risk of
gastrointestinal bleeding or perforation by over 40%
(OR 143, 95% CI 122 to 1.66) [8]. In addition
another systematic review showed that corticosteroids
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use in rheumatoid arthritis is associated with
increased risk of all-cause cardiovascular events (RR,
1.47; 95% CI 1.34-1.60; p <0.001) [9]. OCS-related
comorbidities increase the burden of disease for
patients and the healthcare system and their use is
associated with lower patient quality of life and
increased healthcare resource utilization and costs for
both patients and the healthcare system [6,10-13].

Most of the studies characterizing OCS use and the
risk of AEs relate to conditions other than asthma [5].
Differences in the dosage and duration of use, and pos-
sible interaction with the disease mechanisms, may
cofound the pattern of OCS-induced AEs across dis-
eases. To inform our understanding of the relationship
between OCS use in asthma and the risk of AEs, we
sought to identify, summarize and quantify existing
evidence around the burden of OCS in asthma, includ-
ing (1) the pooled risk estimate of OCS AEs among
users compared with non-OCS users and the dose-res-
ponse relationship, and (2) the healthcare utilization
burden (i.e. ER visits, hospitalizations), and (3) health-
care costs of OCS-related complications in asthma.
These findings are particularly important given the
emergence of new biologics which have been associated
with an ability to reduce the dose of OCS and decrease
the number of exacerbations requiring OCS, especially
in severe eosinophilic asthma [14,15]. In documenting
the benefits of these newer interventions, it is import-
ant to also ensure clinicians (and patients) are familiar
with the significant risks associated with OCS. The
knowledge translation required for this to be successful
is challenging in that many patients do not accurately
recall taking a course of OCS and from a provider’s
perspective these medications maybe prescribed in
multiple different settings ranging from a regular pri-
mary care physician, to a clinician seen in an urgent
care or Emergency Department setting. As a prerequis-
ite for this to be successful, it is important that we
accurately characterize the risks associated with OCS,
especially in the context of asthma. To the best of our
knowledge, this is the first systematic review of this
topic with particular focus on patients with asthma as
opposed to other chronic diseases.

Methods

The Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines were fol-
lowed in this report [16].

Objectives

The primary outcome of this review is to estimate the
risk of different complications related to the use of

OCS in the treatment of asthma acutely or as an add-
on to the chronic maintenance therapy. Secondary out-
come includes stratification of the risk according to the
administered dose of OCS and dose-response effect as
well as estimation of the risk for healthcare utilization
and costs related to OCS-related complications.

Search strategy and selection criteria

We  searched databases including MEDLINE
(1946-May 2017), EMBASE (1974-May 2017) and
Cochrane Library (2005-May 2017). We simultaneously
searched asthma, the commonly used corticosteroids
(i.e. prednisone, prednisolone, methylprednisolone,
betamethasone and dexamethasone), and adverse events
common to corticosteroids (such as myocardial infarc-
tion, hypertension, diabetes, adrenal insufficiency,
osteoporosis, wound healing, and cataract). Then, we
looked for intersection when corticosteroids and their
adverse effects were combined. We also included
healthcare utilization terms including hospitalization,
emergency and healthcare cost and economics
(Supplementary material, Figure S1). The reference lists
from eligible articles were also searched. The identified
articles underwent title and abstract screening followed
by full-text screening to determine eligibility. Studies of
outcomes of patients with asthma treated with OCS
were compared with non-oral corticosteroid-dependent
asthma patients with regard to occurrence of AE, their
related healthcare utilization and cost. We included
studies that measured the occurrence of AEs among
groups of patients administered OCS and a comparison
group with no OCS therapy. We assessed the impact of
OCS dose wherever possible. We also extracted data on
the age, gender, healthcare utilization and costs in the
OCS and control groups. We excluded studies that
only assessed inhaled corticosteroids or corticosteroids
administered parenterally, were conducted in a popula-
tion with pediatric patients or COPD patients, or
assessed risk factors instead of final outcomes. We
excluded studies that were not published in the English
language. Commentaries, letters, descriptive narratives
and unpublished conference abstracts
excluded. Cross sectional and longitudinal (case-control
or cohort) studies were eligible for inclusion. Ethics
approval was not required for this meta-analysis.

were also

Data extraction strategy

Two independent reviewers (KA, DW) extracted data
using a standardized extraction form. This form
included study design, duration, country of study,
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source of funding, frequency of reported AEs, and
healthcare utilizations parameters and cost values. The
outcomes were separately collected for each of the three
objectives; (1) the pooled risk estimate of OCS AEs
among users compared with non-OCS users and the
dose-response relationship, and (2) the healthcare util-
ization burden (i.e. ER visits, hospitalizations), and (3)
healthcare costs of OCS-related complications in asthma.
Differences were resolved by discussion between the
reviewers. There was no need to contact the authors for
clarification of any of the eligible articles.

We extracted data on the number of AEs in the
OCS and control groups (as well as follow-up time)
in order to calculate an unadjusted OR. We
extracted adjusted odds ratios (ORs), incidence rate
ratios (IRRs), hazard ratios (HRs) and their confi-
dence intervals for studies that used regression
modeling to assess the independent impact of OCS
on AEs.

Assessment of methodological quality

Study quality was assessed using two standardized
tools: the Newcastle-Ottawa Quality Assessment Scale
for case-control and cohort studies with a maximum
score of 9, and the cross-sectional quality assessment
developed by Prins et al. with a maximum score of 15
[17,18]. We included all relevant studies regardless of
their quality.

Statistical analysis

We used the extracted data to generate pooled
unadjusted or adjusted ORs and standard errors for
the association between OCS and AEs. Due to the
rare occurrence of AEs, ORs, IRRs, and HRs were
considered to be equivalent and pooled together in
the meta-analysis. ORs for unadjusted analyses were
based on contingency tables, and ORs for the adjusted
analyses were based on regression models (typically
from case-control or cross-sectional studies) in which
the effect of OCS on the odds of the adverse event
occurring was assessed independently of the covariates
in the model. We stratified the associations by OCS
dose when reported. We pooled the individual study
estimates using the inverse variance method imple-
mented with the ‘meta’ package in R Statistical
Software [2] (version 3.3.3) [19,20]. Fixed-effects mod-
els were used when only two studies were being
pooled or if the null hypothesis that all studies eval-
uated the same effect was not rejected using
Cochran’s Q statistic [21]. Random effects models
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were used in all other cases. We did not consider
study design when pooling studies that reported simi-
lar outcomes and used the same metric (unadjusted or
adjusted OR) due to the low number of studies for
each outcome. We quantified heterogeneity between
studies using the I statistic [22]. We did not pool
cost data, as it is heavily affected by contextual varia-
bles such as healthcare behavior and health system
performance.

Results

In total 9589 citations were identified through data-
base searching, and 15 studies were included in the
final set of eligible articles after removing dupli-
cates, article not addressing the search questions,
reviews, editorials, pediatric population, or animal
studies. (PRISMA flowchart, Figure 1). Of the 15
studies, 11 (73.3%) had a cohort design
[10,12,13,23-29], 2 (13.3%) were cross-sectional
studies [30,31], and 2 (13.3%) were case-control
studies [32,33]. Nine studies were performed in the
USA, five in the UK, and one in South Africa.
Summary characteristics of the studies and the
number of patients are shown in Table 1 and in the
supplementary material, Table S1. We included
older studies as the complications of oral steroids in
asthma patients have been poorly documented and
the literature is limited.

Adverse events of OCS among asthma patients
using OCS compared with non-OCS
control subjects

Combining unadjusted odds ratio (OR) of AEs among
OCS-users compared with non-OCS users from stud-
ies, there was an increased risk of peptic ulcer 2.86
(95% CI 1.39-5.90), hypertension 1.28 (95% CI
1.20-1.36) and diabetes mellitus 1.30 (95% CI
1.02-1.64) as well as cataracts 1.49 (95% CI 1.29-1.72),
infections 1.68 (95% CI 1.51-1.87), and fractures 1.46
(95% CI 1.25-1.70) while the risk of osteoporosis and
glaucoma was not significantly different. The risk of
other pooled complications is provided in Figure 2.

Adjusted or of adverse events among all OCS-
users compared with non-OCS users

The pooled adjusted OR from two studies, that used
regression modeling, for the risk of developing hyper-
tension was 1.34 (95% CI 1.23-1.46), diabetes mellitus
1.68 (95% CI 1.15-2.46), obesity 1.32 (95% CI
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1.21-1.44), and cataract 1.41 (95% CI 1.20-1.67). The
risk was not significantly different for developing lipid
disorders 1.32 (95% CI 0.94-1.86), osteoporosis 2.14
(95% CI 0.83-5.57), and glaucoma 1.05 (95% CI
0.86-1.29). More details are provided in Figure 3.

The pooled adjusted OR from 2 studies that reported
the relevant adverse events among high-dose OCS-users
(>10mg) compared with non-OCS users were as fol-
lows: for the development of any complications 3.35
(95% CI 2.94-3.82), infections 2.68 (95% CI 2.46-2.91),
gastrointestinal complications 2.06 (95% CI 1.96-2.17),
psychiatric complications 1.66 (95% CI 1.55-1.78), car-
diovascular complications 1.82 (95% CI 1.67-1.98),
metabolic complications 1.41 (95% CI 1.32-1.50), bone
and muscle complications 2.30 (95% CI 2.18-2.42), and
ocular complications 1.40 (95% CI 1.31-1.49). This is
also provided in Figure 4. More details about the defin-
ition of system-related complications are provided in
the supplementary material (Table S2).

Dose-response relationship between OCS use and
complications

The risk of any complication increased the higher the
dose of OCS, with pooled adjusted OR from two stud-
ies of 226 (95% CI 1.37-3.72), 2.94 (95% CI
2.62-3.29), and 3.35 (95% CI 2.94-3.82) for low dose
(< 6mg), medium dose (5-12mg) and high dose
(>10mg), respectively, (compared with no OCS use).
The additive OR for the risk of any complications was
0.68 (95% CI 0.16-1.20, p=0.01) higher for medium-
dose OCS, and 1.09 (95% CI 0.57-1.62, p<0.01)
higher for high-dose OCS compared to low-dose OCS.
The two included studies reported different overlap-
ping dose ranges of OCS, which were combined, as
the first used 6 and 12mg cut offs and the second
used 5 and 10 mg. For most of the organ system com-
plications, there was a minimal difference in the risk
of complications between the intermediate- and high-
dose groups, e.g. for the cardiovascular complications
1.85 (95% CI 1.73-1.99) and 1.82 (95% CI 1.67-1.98)
for medium dose (5-12mg) and high dose (>10mg),
respectively. There was no significant difference in
the odds of cardiovascular complications between
medium-and high-dose OCS (p=10.70). More details
are given in the supplementary material (Table S3).

OCS use and healthcare utilization and
cost data

This is presented in the supplementary material
including Tables S4-S5 and Figure S6.

Discussion

To the best of our knowledge, this is the first system-
atic review and meta-analysis, among asthma patients,
reporting the AEs of OCS, its effect on healthcare util-
ization, and costs. With the availability of newer anti
IL-5 targeted therapies and their documented effect
on reducing OCS needs in severe asthma [14,15],
there has been renewed interest in studying the poten-
tial AEs of OCS compared to non-OCS-dependent
asthma patients.

This study showed an increased risk for a host of
adverse events with OCS use, and demonstrated a sig-
nificant dose-response relationship between the
cumulative effect of increasing doses of OCS and the
risk of developing OCS-related complications. The
risk of developing any complication was 126%, 194%,
and 235% higher compared to non-OCS control sub-
jects for low, medium, and high doses of OCS,
respectively. We were unable to demonstrate a dose-r-
esponse relationship with studying individual AEs, as
this was not an outcome for most of the included
studies except for the study by Daugherty et al. which
reported hazard ratios. Among individual adverse
effects, osteoporosis was the highest with an OR of
1.73 (95% CI 1.56-1.93). However, among system
organ AEs, infections were the highest among patients
using high-dose OCS 2.68 (95% CI 2.46-2.91).

OCS use in the management of asthma is associ-
ated with significant AEs, increased healthcare utiliza-
tion and associated costs. Management strategies that
are focused on optimizing asthma control and thus
preventing exacerbations and minimizing the use of
OCS are fundamental to asthma management. These
strategies include adherence to asthma therapies,
proper inhaler technique, allergen avoidance and
management of comorbidities. All patients should also
receive a structured education program. If all of these
issues have been addressed and the patient remains
uncontrolled or in the context of this review, on OCS,
then using tiotropium or biologic agents, including
omalizumab, mepolizumab, reslizumab, benralizumab
and dupilumab, which have shown efficacy in decreas-
ing asthma exacerbations and a significant OCS spar-
ing effect, is a reasonable next step [14,15,34-41].
Studies primarily assessing the oral corticosteroids
sparing effect of omalizumab and reslizumab com-
pared to placebo for are lacking. In the Steroid
Reduction with Mepolizumab Study (SIRIUS) trial,
patients who received mepolizumab had significantly
greater reductions in the maintenance oral gluco-
corticoid dose (50%) than those receiving placebo.
The overall odds ratio for a reduction in the oral
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Figure 1. PRISMA flowchart of literature search for studies of OCS AEs in asthma, healthcare utilization and cost.

glucocorticoid dose in the mepolizumab group was  OCS dose (75%) in patients who relied on OCS ther-
239 (95% CI 1.25-4.56; p=0.008) [15]. In the apy to control their asthma. The odds of a reduction
ZONDA trial, benralizumab significantly reduced the  in the oral glucocorticoid dose were 4.09 times (95%
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ocs Control
First author n N n N Odds Ratio OR 95%-Cl
Ulcer
Zazzali 3 3604 1 3604 3.00 [0.31; 28.87]
Lieberman 3 50 2 50 1.53 [0.24; 9.59]
Zeiger 17 3790 8 5756 — 3.24 [1.40; 7.51]
Fixed effect model 7444 9410 - 2.86 [1.39; 5.90]
Heterogeneity: I = 0%
HTN
Zazzali 1029 3604 900 3604 = 1.20 [1.08; 1.33]
Lieberman 20 50 10 50 R 2.67 [1.09; 6.52]
Zeiger 1276 3790 1588 5756 - 1.33 [1.22; 1.46]
Barry 276 808 1145 3975 - 1.28 [1.09; 1.51]
Fixed effect model 8252 13385 ¢ 1.28 [1.20; 1.36]
Heterogeneity: 1 = 38%
DM
Zazzali 513 3604 420 3604 = 1.26 [1.10; 1.44]
Lieberman 15 50 3 50 —— 6.71 [1.80; 25.00]
Zeiger 427 3790 624 5756 = 1.04 [0.92; 1.19]
Barry 82 808 281 3975 - 1.48 [1.15; 1.92]
Random effects model 8252 13385 < 1.30 [1.02; 1.64]
Heterogeneity: /° = 78%
Cataract
Zazzali 85 3604 68 3604 [E— 1.26 [0.91; 1.73
Lieberman 3 50 1 50 3.13 [0.31; 31.14
Zeiger 196 3790 212 5756 = 143 [1.17; 1.74
Barry 70 808 195 3975 - 1.84 [1.38; 2.44
Fixed effect model 8252 13385 < 1.49 [1.29; 1.72
Heterogeneity: 12 = 20%
Opportunistic Infection Incidence
Zazzali 27 3604 5 3604 — 5.43 [2.09; 14.12
Zeiger 820 3790 823 5756 = 1.65 [1.49; 1.84
Fixed effect model 7394 9360 ] 1.68 [1.51; 1.87
Heterogeneity: 1 = 83%
Fracture
Zazzali 44 3604 19 3604 —— 2.33 [1.36; 4.00
Zeiger 224 3790 254 5756 B 1.36 [1.13; 1.64
Barry 41 808 134 3975 —— 1.53 [1.07; 2.19
Fixed effect model 8202 13335 < 1.46 [1.25; 1.70]
Heterogeneity: 1 = 43%
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Zazzali 99 3604 55 3604 —— 1.82 [1.31; 2.54]
Zeiger 134 3790 164 5756 [ 1.25 [0.99; 1.58
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Random effects model 8202 13335 - 2.15 [0.97; 4.76
Heterogeneity: /% = 96%
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Zeiger 85 3790 118 5756 E 1.10 [0.83; 1.45
Barry 32 808 137 3975 —J;— 1.16 [0.78; 1.71
Fixed effect model 8202 13335 1.08 [0.90; 1.31
Heterogeneity: 1% = 0%
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Zazzali 975 3604 1056 3604 * 0.89 [0.81; 0.99
Barry 124 808 561 3975 - 1.10 [0.89; 1.36
Fixed effect model 4412 7579 ¢ 0.93 [0.85; 1.02
Heterogeneity: /% = 67%
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Zazzali 326 3604 280 3604 <] 1.18 [1.00; 1.39
Barry 339 808 1385 3975 -] 1.35 [1.16; 1.58
Fixed effect model 4412 7579 ¢ 1.27 [1.13; 1.42
Heterogeneity: /° = 27% : : : |

0.1 05 1 2 10
More in Control More in OCS

DM: diabetes mellitus, HTN: hypertension, OP: osteoporosis, Peptic (Peptic ulcer)

Figure 2. Unadjusted OR of AE among OCS using asthmatics compared with non-OCS users.

CI 2.22-7.57; p<0.001) and 4.12 times (95% CI [14]. In the LIBERTY ASTHMA VENTURE trial,
2.22-7.63; p<0.001) that of placebo with benralizu-  dupilumab was associated with a greater reduction in
mab administered every 4 and 8weeks, respectively  the dose of oral glucocorticoid than placebo
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First author Odds Ratio OR 95%-Cl
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Sweeney —t 1.27 [0.71; 2.29]
Random effects model —_— ——— 2.14 [0.83; 5.57]
Heterogeneity: 1?=97%
Glaucoma
Sullivan = m 1.04 [0.82; 1.32]
Sweeney —— 1.12 [0.74; 1.68]
Sweeney + 0.93 [0.31;2.79]
Fixed effect model <> 1.05 [0.86; 1.29]
Heterogeneity: 12=0%
Cataract
Sullivan . 1.26 [1.03; 1.53]
Sweeney —— 1.90 [1.39; 2.60]
Fixed effect model < 1.41 [1.20; 1.67]
Heterogeneity: 1?=79% | : | |

0.2 0.5 1 2 5

More in Control

More in OCS

DM: diabetes mellitus, HTN: hypertension, OP: osteoporosis

Figure 3. Adjusted OR of AE among asthmatics who were OCS-users compared with non-OCS users.

—70.1 £4.9% compared with —41.9+4.6% (P < 0.001)
[38]. While the different biologics were shown to be
effective in treatment of severe corticosteroids-
dependent asthma, head-to-head comparison trials
between different biologics are lacking and could be
the focus of new research [42].

Given the substantial additional costs associated
with OCS - these costs should also be factored in
when considering the cost effectiveness of the
new biologics in severe uncontrolled asthma. Of
note in both studies although an overall signifi-
cant reduction in OCS was achieved, subjects
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Fixed effect model
Heterogeneity: 1 =78%

CvVs

Dalal

Lefebvre

Fixed effect model
Heterogeneity: 1% = 69%

Metabolic

Dalal

Lefebvre

Fixed effect model
Heterogeneity: 1?=73%

Bone/muscle

Dalal

Lefebvre

Fixed effect model
Heterogeneity: 1> = 92%

Ocular

Dalal

Lefebvre

Fixed effect model

Odds Ratio OR 95%-Cl

B 332 [2.89:3.81]
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- 2.56 [2.28; 2.88]
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0.2

0.5
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1
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=] 1.73 [1.57;1.91]
—=- 2.05 [1.76; 2.40]
< 1.82 [1.67; 1.98]
= 1.35 [1.25; 1.46]
= 1.55 [1.38; 1.75]
& 1.41 [1.32; 1.50]
== 241 [2.27; 2.56]
= 1.90 [1.69; 2.13]
¢ 2.30 [2.18; 2.42]
] 1.19 [1.10; 1.28]
= 2.01 [1.79; 2.27]
< 1.40 [1.31; 1.49]

I |

2 5

More in OCS

GI: gastrointestinal, CVS: cardiovascular system
Figure 4. Adjusted OR of AE among asthmatics who are high-dose OCS-users (>10mg) compared with non-OCS users.

were at the same time less likely to exacerbate
a short course of OCS during

and require
the study.

Our study has limitations. Given the heterogeneity
of the included studies in reporting AEs and other
reported outcomes of interest, we were unable to pool



the data for more than two to four studies for each
variable. There was also a high degree of heterogeneity
between the included studies for most of the out-
comes [22]. Also the included studies used adminis-
trative claims data which might be subject to coding
errors and reliance on ICD-9-CM codes to identify
SCS-related complications that might not have
reflected confirmed clinical diagnoses.

Conclusions

The use of OCS in the management of asthma is asso-
ciated with increased risk of a variety of AEs, health-
care utilization and cost. The risk is higher as OCS
dose is increased. Optimizing asthma management
including appropriate therapy with biologics to reduce
OCS exposure is important in reducing the associated
significant side effects that we have shown in this
review. Our study also highlights the importance of
better study designs in describing the AEs associated
with OCS to allow for systematic reviews to be more
robust and complete.

Conflict of interest

K.A Fellowship in Severe Asthma was funded in part
by AstraZeneca and was also supported in part by an
unrestricted educational grant from TEVA. K.M.] and
D.W have nothing to disclose. M.S has received fund-
ing paid directly to UBC outside the submitted work
as well as honorarium from AstraZeneca for acting as
a member of advisory board. J.ML.F received grants
from AstraZeneca paid directly to UBC and also
reports personal fees for lecturing and consulting.

Author contributions

J. M. F. is the guarantor of the manuscript. J. M. F. is
responsible for the concept of the study. K.A and D.W.
extracted data from included studies. K.M.]. performed all
statistical analyses. K.A. wrote the first draft of the manu-
script. All authors critically commented on the manuscript
and approved the final version.

Funding

This study was funded by an unrestricted research grant
from AstraZeneca Canada, which was provided directly to
the University of British Columbia. The sponsor did not
have any role in the conduct and reporting of this study.

References

1. Global Initiative for Asthma. Global Strategy for
Asthma Management and Prevention; 2017. www.
ginasthma.org.

10.

11.

12.

13.

14.

JOURNAL OF ASTHMA 1

Chung KF, Wenzel SE, Brozek JL, Bush A, Castro M,
Sterk PJ, Adcock IM, Bateman ED, Bel EH, Bleecker
ER, et al. International ERS/ATS guidelines on defin-
ition, evaluation and treatment of severe asthma. Eur
Res J. 2014;43:343-373.

Krishnan JA, Davis SQ, Naureckas ET, Gibson P,
Rowe BH. An umbrella review: corticosteroid therapy
for adults with acute asthma. Am ] Med. 2009;122:
977-991.

McKeever T, Mortimer K, Wilson A, Walker §,
Brightling C, Skeggs A, Pavord I, Price D, Duley L,
Thomas M, et al. Quadrupling inhaled glucocorticoid
dose to abort asthma exacerbations. N Engl ] Med.
2018;378:902-910.

Fardet L, Kassar A, Cabane J, Flahault A.
Corticosteroid-induced adverse events in adults: fre-
quency, screening and prevention. Drug Saf. 2007;30:
861-881.

Sarnes E, Crofford L, Watson M, Dennis G, Kan H,
Bass D. Incidence and US costs of corticosteroid-asso-
ciated adverse events: a systematic literature review.
Clin Ther. 2011;33:1413-1432.

Shah M, Chaudhari S, McLaughlin TP, Kan HJ,
Bechtel B, Dennis GJ, Molta CT. Cumulative burden
of oral corticosteroid adverse effects and the economic
implications of corticosteroid use in patients with sys-
temic lupus erythematosus. Clin Ther. 2013;35:
486-497.

Narum S, Westergren T, Klemp M. Corticosteroids
and risk of gastrointestinal bleeding: a systematic
review and meta-analysis. BM] Open. 2014;4:¢004587

Roubille C, Richer V, Starnino T, McCourt C,
McFarlane A, Fleming P, Siu S, Kraft J, Lynde C,
Pope ], et al. The effects of tumour necrosis factor
inhibitors, methotrexate, non-steroidal anti-inflamma-
tory drugs and corticosteroids on cardiovascular
events in rheumatoid arthritis, psoriasis and psoriatic
arthritis: a systematic review and meta-analysis. Ann
Rheumatic Dis. 2015;74:480-489.

Lefebvre P, Duh MS, Lafeuille M-H, Gozalo L, Desai
U, Robitaille M-N, Albers F, Yancey S, Ortega H,
Forshag M, et al. Acute and chronic systemic cortico-
steroid-related complications in patients with severe
asthma. J Allergy Clin Immunol. 2015;136:1488-1495.
Manson SC, Brown RE, Cerulli A, Vidaurre CF. The
cumulative burden of oral corticosteroid side effects
and the economic implications of steroid use. Respir
Med. 2009;103:975-994.

Dalal AA, Duh MS, Gozalo L, Robitaille M-N, Albers
F, Yancey S, Ortega H, Forshag M, Lin X, Lefebvre P.
Dose-response relationship between long-term sys-
temic corticosteroid use and related complications in
patients with severe asthma. ] Manag Care Spec
Pharm. 2016;22:833-847.

Lefebvre P, Duh MS, Lafeuille M-H, Gozalo L, Desai
U, Robitaille M-N, Albers F, Yancey S, Ortega H,
Forshag M, et al. Burden of systemic glucocorticoid-
related complications in severe asthma. Curr Med Res
Opin. 2017;33:57-65.

Nair P, Wenzel S, Rabe KF, Bourdin A, Lugogo NL,
Kuna P, Barker P, Sproule S, Ponnarambil §,
Goldman M. Oral glucocorticoid-sparing effect of


http://www.ginasthma.org
http://www.ginasthma.org

12 K. AL EFRALJ ET AL.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

benralizumab in severe asthma. N Engl ] Med. 2017;
376:2448-2458.

Bel EH, Wenzel SE, Thompson PJ, Prazma CM,
Keene ON, Yancey SW, Ortega HG, Pavord ID. Oral
glucocorticoid-sparing effect of mepolizumab in
eosinophilic asthma. N Engl ] Med. 2014;371:
1189-1197.

Moher D, Liberati A, Tetzlaff ], Altman DG.
Preferred reporting items for systematic reviews and
meta-analyses: the PRISMA statement. Ann Internal
Med. 2009;151:264-269.

Wells G, Shea B, O’Connell D, Peterson J, Welch V,
Losos M, Tugwell P. The Newcastle-Ottawa Scale
(NOS) for assessing the quality of nonrandomised
studies in meta-analyses. Ottawa: Ottawa Hospital
Research Institute; 2012. http://www.ohri.ca/pro-
grams/clinical_epidemiology/oxford.asp.

Prins J, Blanker M, Bohnen A, Thomas S, Bosch J.
Prevalence of erectile dysfunction: a systematic review
of population-based studies. Int J Impotence Res.
2002;14:422-432.

Schwarzer G. Meta: An R package for meta-analysis.
R News. 2007;7:40-45.

Team RC. R: a language and environment for statis-
tical computing [Internet]. Vienna, Austria: R
Foundation for Statistical Computing; 2017. https://
www.R-project.org/.

Cochran WG. The combination of estimates from dif-
ferent experiments. Biometrics. 1954;10:101-129.
Higgins JP, Thompson SG, Deeks JJ, Altman DG.
Measuring inconsistency in meta-analyses. BMJ. 2003;
327:557-560.

Cowie RL, King LM. Pulmonary tuberculosis in cor-
ticosteroid-treated asthmatics. South African Med
J. = Suid-Afrikaanse Tydskrif Vir Geneeskunde. 1987;
72:849-850.

Daugherty J, Lin X, Baxter R, Suruki R, Bradford E.
The impact of long-term systemic glucocorticoid use
in severe asthma: A UK retrospective cohort analysis.
] Asthma: Offic J Assoc Care Asthma. 2018;55:
651-658.

Sullivan PW, Ghushchyan VH, Globe G, Schatz M.
Oral corticosteroid exposure and adverse effects in
asthmatic patients. J Allergy Clin Immunol. 2018;141:
110-116.

Zazzali JL, Broder MS, Omachi TA, Chang E, Sun
GH, Raimundo K. Risk of corticosteroid-related
adverse events in asthma patients with high oral cor-
ticosteroid use. Allergy Asthma Proc. 2015;36:
268-274.

Zhang B, de Vries F, Setakis E, van Staa TP. The
pattern of risk of myocardial infarction in patients
taking asthma medication: a study with the General
Practice Research Database. ] Hypertens. 2009;27:
1485-1492.

Barry LE, Sweeney J, O’'Neill C, Price D, Heaney LG.
The cost of systemic corticosteroid-induced morbidity
in severe asthma: a health economic analysis. Resp
Res. 2017;18:129.

Broder MS, Raimundo K, Ngai KM, Chang E, Griffin
NM, Heaney LG. Cost and health care utilization in
patients with asthma and high oral corticosteroid use.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Ann Allergy Asthma Immunol: Offic Publ Am Coll
Allergy Asthma Immunol. 2017;118:638-639.

Luskin AT, Antonova EN, Broder MS, Chang EY,
Omachi TA, Ledford DK. Health care resource use
and costs associated with possible side effects of high
oral corticosteroid use in asthma: a claims-based ana-
lysis. ClinicoEcon Outcomes Res: CEOR. 2016;8:
641-648.

Sweeney ], Patterson CC, Menzies-Gow A, Niven RM,
Mansur AH, Bucknall C, Chaudhuri R, Price D,
Brightling CE, Heaney LG. 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. 2016;71:339-346.

Lieberman P, Patterson R, Kunske R. Complications
of long-term steroid therapy for asthma. J Allergy
Clin Immunol. 1972;49:329-336.

Spoendlin J, Meier C, Jick SS, Meier CR. Oral and
inhaled glucocorticoid use and risk of Achilles or
biceps tendon rupture: a population-based case-con-
trol study. Ann Med. 2015;47:492-498.

Ortega HG, Liu MC, Pavord ID, Brusselle GG,
FitzGerald JM, Chetta A, Humbert M, Katz LE, Keene
ON, Yancey SW, et al. Mepolizumab treatment in
patients with severe eosinophilic asthma. N Engl ]
Med. 2014;371:1198-1207.

FitzGerald JM, Bleecker ER, Nair P, Korn S, Ohta K,
Lommatzsch M, Ferguson GT, Busse WW, Barker P,
Sproule S, et al. Benralizumab, an anti-interleukin-5
receptor o monoclonal antibody, as add-on
treatment for patients with severe, uncontrolled,
eosinophilic asthma (CALIMA): a randomised, dou-
ble-blind, placebo-controlled phase 3 trial. Lancet.
2016;6736:1-14.

Bleecker ER, FitzGerald JM, Chanez P, Papi A,
Weinstein SF, Barker P, Sproule S, Gilmartin G,
Aurivillius M, Werkstrom V. Efficacy and safety of
benralizumab for patients with severe asthma uncon-
trolled with high-dosage inhaled corticosteroids and
long-acting 2 -agonists (SIROCCO): a randomised,
multicentre, placebo-controlled phase 3 trial. Lancet.
2016;6736:1-13.

Kerstjens HAM, Engel M, Dahl R, Paggiaro P, Beck
E, Vandewalker M, Sigmund R, Seibold W, Moroni-
Zentgraf P, Bateman ED. Tiotropium in asthma
poorly controlled with standard combination therapy.
New Engl ] Med. 2012;367:1198-1207.

Rabe KF, Nair P, Brusselle G, Maspero JF, Castro M,
Sher L, Zhu H, Hamilton JD, Swanson BN, Khan A,
et al. Efficacy and safety of dupilumab in glucocortic-
oid-dependent severe asthma. N Engl ] Med. 2018;
378:2475-2485.

Castro M, Corren J, Pavord ID, Maspero ], Wenzel S,
Rabe KF, Busse WW, Ford L, Sher L, FitzGerald JM,
et al. Dupilumab efficacy and safety in moderate-to-
severe uncontrolled asthma. N Engl ] Med. 2018;378:
2486-2496.

Castro M, Zangrilli J, Wechsler ME, Bateman ED,
Brusselle GG, Bardin P, Murphy K, Maspero JF,
O’Brien C, Korn S. Reslizumab for inadequately con-
trolled asthma with elevated blood eosinophil counts:


http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
https://www.R-project.org/
https://www.R-project.org/

41.

Results from two multicentre, parallel, double-blind,
randomised, placebo-controlled, phase 3 trials. Lancet
Resp Med. 2015;3:355-366.

Rodrigo GJ, Neffen H, Castro-Rodriguez JA. Efficacy
and safety of subcutaneous omalizumab vs placebo as

42.

JOURNAL OF ASTHMA 13

add-on therapy to corticosteroids for children and
adults with asthma: a systematic review. Chest. 2011;
139:28-35.

Drazen JM, Harrington D. New Biologics for Asthma.
N Engl ] Med. 2018;378:2533-2534.



Supplementary material:

Table S1: Extracted data from the included studies

Study Adjusted /unadjusted Complication OCS dose Measured outcome
Barry, 2017 Unadjusted OR Dyspepsia 3.62 (95% ClI 3.04-4.31)
Psychiatric complications 1.38 (95% CI 1.18-1.61)
Sleep disorder 1.67 (95% Cl 1.12-2.49)
CKD 1.67 (95% Cl 1.33-2.11)
Hypertension 1.28 (95% CI 1.09-1.51)
Lipid disorder 1.10 (95% Cl 0.89-1.36)
CVS complications 1.41 (95% Cl 1.08-1.83)
Diabetes mellitus 1.48 (95% Cl 1.15-1.92)
Obesity 1.35(95% Cl 1.16-1.58)
Fracture 1.53 (95% CI 1.07-2.19)
Osteoporosis 4.35 (95% CI 3.40-5.57)
Osteopenia 4.89 (95% Cl 3.56-6.71)
Glaucoma 1.16 (95% CI 0.78-1.71)
Cataract 1.84 (95% Cl 1.38-2.44)
Broder, 2017 Adjusted OR Inpatient hospitalization 1.81 (95% Cl 1.25-2.62)
Emergency visits 1.76 (95% Cl 1.29-2.40)
Asthmarelated 4.95 (95% Cl 1.98-12.4)
Hospitalization
Asthma related emergency 1.98 (95% Cl 0.84-4.64)
visits
6 or more SABA fills 2.36 (95% Cl 1.66-3.35)
Cowie, 1987 RR Tuberculosis NA 2.30 (95% ClI 0.59-9.17)
Dalal, 2016 Adjusted OR Any complications <5mg 2.50 (95% CI 1.22-5.10)
5-10 mg 2.95 (95% Cl 2.60-3.35)
>10mg 3.32 (95% CI 2.90-3.80)
Acute complications <5mg 1.72 (95% Cl 1.34-2.19)
5-10 mg 2.47 (95% Cl 2.32-2.63)
>10mg 2.76 (95% Cl 2.51-3.03)
Chronic complications <5mg 1.48 (95% Cl 0.92-2.38)
5-10 mg 2.19 (95% Cl 1.98-2.42)
>10mg 2.34 (95% Cl 2.11-2.59)
Infections <5mg 1.70 (95% Cl 1.34-2.16)
5-10 mg 2.25 (95% Cl 2.11-2.40)
>10mg 243 (95% Cl 2.17-2.71)
Gl complications <5mg 1.18 (95% CI 0.98-1.41)
5-10 mg 2.02 (95% Cl 1.89-2.15)
>10mg 1.96 (95% Cl 1.84-2.10)
Psychiatric complications <5mg 1.16 (95% CI 0.95-1.41)
5-10 mg 1.73 (95% Cl 1.62-1.86)
>10mg 1.74 (95% Cl 1.62-1.86)
CV'S complications <5mg 1.21 (95% CI 0.90-1.62)
5-10 mg 1.77 (95% Cl 1.62-1.93)
>10mg 1.73 (95% Cl 1.57-1.90)
Metabolic complications <5mg 0.87 (95% CI 0.72-1.07)
5-10 mg 1.32(95% Cl 1.23-1.41)
>10mg 1.35 (95% Cl 1.25-1.45)
Bone and muscle <5mg 1.36 (95% CI 1.16-1.59)
Complications 5-10 mg 2.28 (95% Cl 2.16-2.40)
>10mg 2.42 (95% Cl 2.29-2.55)
Skin complications <5mg 1.37 (95% CI 1.18-1.59)
5-10 mg 1.42 (95% Cl 1.28-1.57)
>10mg 1.66 (95% Cl 1.51-1.83)
Ocular complications <5mg 0.95 (95% CI 0.84-1.08)
5-10 mg 1.09 (95% Cl 1.02-1.17)
>10mg 1.19(95% Cl 1.11-1.28
Adjusted IRR Inpatient visits <5mg 1.86 (95% Cl 1.70-2.04)
5-10 mg 2.40 (95% Cl 2.26-2.56)

>10mg

3.37(95% CI 3.18-3.59)




Outpatient visits <5mg 1.26 (95% CI 1.19-1.34)
5-10mg 1.33(95% Cl 1.28-1.38)
>10mg 1.53 (95% Cl 1.48-1.59)

ER visits <5mg 1.57 (95% Cl 1.39-1.78)
5-10mg 1.78 (95% Cl 1.65-1.92)
>10mg 2.17 (95% Cl 2.00-2.35)

Other visits <5mg 1.36 (95% Cl 1.19-1.56)
5-10mg 1.56 (95% CI 1.40-1.73)
>10mg 1.71 (95% CI 1.54-1.89)

Pharmacy claims <5mg 1.57 (95% CI 1.50-1.65)
5-10mg 1.77 (95% Cl 1.72-1.82)
>10mg 1.93 (95% CI 1.88-1.98)

Daugerty, 2017 | Adjusted HR Ulcer >0 1.13 (95% CI 1.00-1.28)

Stroke >0 1.11 (95% CI 0.97-1.27)

Myocardial infarction <25 1.25 (95% Cl 1.09-1.43)
>25 2.15 (95% Cl 1.67-2.77)

Diabetes mellitus <25 1.20 (95% CI 1.11-1.30)
>25 1.70 (95% Cl 1.44-2.01)

Osteoporosis <25 1.64 (95% Cl 1.51-1.78)
2550 6.79 (95% Cl 5.98-7.73)
>5.0 12.61 (95% CI 10.45-15.21)

Cataract <25 1.07 (95% CI 1.00-1.15)
2575 1.76 (95% Cl 1.52-2.04)
>75 3.38 (95% Cl 2.41-4.73)

Lefebvre, 2017 | Adjusted OR Any complications <6 2.03 (95% CI 1.00-4.14)
6-12 2.85 (95% Cl 1.85-4.38)
>12 3.64 (95% CI 2.43-5.46)

Infections <6 1.56 (95% Cl 1.34-1.81)
6-12 2.53 (95% Cl 2.27-2.82)
>12 2.94 (95% Cl 2.61-3.33)

Gl <6 1.50 (95% Cl 1.28-1.76)
6-12 2.31 (95% Cl 2.08-2.56)
>12 2.55 (95% Cl 2.28-2.84)

Psychiatric <6 1.40 (95% Cl 1.16-1.70)
6-12 1.62 (95% Cl 1.42-1.84)
>12 1.46 (95% Cl 1.28-1.66)

CVs <6 1.14 (95% CI 0.87-1.48)
6-12 2.23 (95% Cl 1.93-2.59)
>12 2.06 (95% Cl 1.76-2.41)

Metabolic <6 1.17 (95% CI 0.98-1.40)
6-12 1.56 (95% Cl 1.38-1.76)
>12 1.55 (95% Cl 1.37-1.75)

Bone and muscle <6 1.09 (95% CI 0.94-1.26)
6-12 1.72 (95% CI 1.55-1.92)
>12 1.89 (95% Cl 1.68-2.12)

Ocular <6 1.33(95% Cl 1.14-1.54)
6-12 1.63 (95% Cl 1.43-1.87)
>12 2.02 (95% Cl 1.78-2.29)

Hematologic and oncologic <6 1.58 (95% CI 1.24-2.01)

complications 6-12 1.96 (95% CI 1.59-2.41)
>12 1.69 (95% Cl 1.35-2.12)

Adjusted IRR Inpatient visits <6 1.57 (95% Cl 1.41-1.73)
6-12 1.92 (95% Cl 1.75-2.11)
>12 2.45 (95% Cl 2.22-2.70)

Outpatient visits <6 1.05 (95% CI 0.91-1.21)
6-12 1.00 (95% CI 0.88-1.14)
>12 1.15(95% CI 1.01-1.31)

ER visits <6 0.97 (95% Cl 0.84-1.12)
6-12 1.25 (95% Cl 1.07-1.47)
>12 1.72 (95% Cl 1.39-2.13)

Other visits <6 1.24 (95% Cl 1.05-1.47)
6-12 1.31 (95% CI 1.12-1.53)
>12 1.44 (95% CI 1.22-1.71)

Pharmacy claims <6 1.79 (95% CI 1.68-1.91)
6-12 1.77 (95% Cl 1.72-1.82)
>12 2.22 (95% Cl 2.11-2.35)

Lefebvre, 2015 | Adjusted OR Infections 6-12 1.72 (95% Cl 1.37-2.16)
>12 1.91 (95% Cl 1.51-2.43)

Gl 6-12 1.63 (95% Cl 1.34-1.99)




>12 1.81 (95% Cl 1.46-2.24)
Psychiatric 6-12 1.35(95% CI 1.10-1.66)
>12 1.28 (95% CI 1.03-1.60)
CVSs 6-12 2.12 (95% Cl 1.63-2.76)
>12 1.96 (95% Cl 1.48-2.58)
Metabolic 6-12 1.50 (95% ClI 1.25-1.81)
>12 1.51 (95% Cl 1.23-1.85)
Bone and muscle 6-12 1.51 (95% Cl 1.25-1.82)
>12 1.59 (95% CI 1.29-1.96)
Ocular complications 6-12 1.29 (95% CI 1.09-1.51)
>12 1.55 (95% Cl 1.32-1.83)
Adjusted IRR Inpatient visits 6-12 1.25(95% Cl 1.15-1.35)
>12 1.59 (95% Cl 1.44-1.76)
Outpatient visits 6-12 0.98 (95% CI 0.87-1.11)
>12 1.13 (95% CI 0.97-1.32)
ER visits 6-12 1.31(95% ClI 1.13-1.53)
>12 1.78 (95% Cl 1.47-2.17)
Other visits 6-12 1.15 (95% Cl 0.96-1.39)
>12 1.33(95% Cl 1.01-1.74)
Pharmacy claims. 6-12 1.22 (95% Cl 1.14-1.29)
>12 1.35(95% Cl 1.26-1.44)
Lieberman, Unadjusted OR Tuberculosis NA 1.00 (95% CI 0.06-16.44)
1971
Heartburn 6.71 (95% CI 1.80-25.00)
Ulcer 1.53 (95% CI 0.24-9.59)
Psychosis 1.00 (95% ClI 0.06-16.44)
Fluid retention 17.25 (95% CI 5.37-55.46)
Hypertension 2.67 (95% Cl 1.09-6.52)
Hypokalemia 2.25(95% Cl 0.71-7.14)
Diabetes mellitus 6.71 (95% CI 1.80-25.00)
Increased appetite 7.88 (95% Cl 3.06-20.25)
Weight gain 12.25 (95% CI 4.65-32.26)
Bruising 9.00 (95% ClI 3.06-26.44)
Cataract 3.13(95% CI 0.31-31.14)
Luskin, 2016 Unadjusted mean healthcare Office visits
resource use in patients with All cause 23.40 (95% CI 22.90-24.00)
OCS complications Asthmarelated 3.10 (95% CI 2.90-3.30)
Inpatient hospitalization
All cause 0.60 (95% CI 0.56-0.63)
Asthmarelated 0.11 (95% CI 0.10-0.12)
Emergency department visit
All cause 0.78 (95% CI 0.67-0.88)
Asthmarelated 0.03 (95% CI 0.02-0.05)
Adjusted mean healthcare Office visits
resource use in patients with All cause 23.00 (95% CI 22.50-23.60)
OCS compliceations Asthmarelated 3.20 (95% CI 3.00-3.40)
Inpatient hospitalization
All cause 0.44 (95% Cl 0.41-0.46)
Asthmarelated 0.07 (95% CI 0.06-0.09)
Emergency department visit
All cause 0.73 (95% Cl 0.64-0.82)
Asthma related 0.02 (95% CI 0.01-0.02)
Spoendlin, Adjusted OR Achilles tendon rupture 1.20 (95% CI 1.10-1.31)
2015 Biceps tendon rupture 1.28 (95% Cl 1.14-1.43)
Sullivan, 2017 Adjusted OR Any complication 1.29 (95% Cl 1.20-1.37)

Tuberculosis
Ulcer
Hypertension
Lipid disorder

1.15 (95% C10.94-1.41)
1.33(95% Cl 1.15-1.54)
1.32 (95% CI 1.20-1.46)
1.04 (95% CI 0.93-1.16)




Metabolic syndrome
Diabetes mellitus

0.84 (95% CI 0.54-1.31)
1.30 (95% CI 1.13-1.50)

Obesity 1.28 (95% Cl 1.13-1.45)
Fracture 1.21 (95% Cl 1.04-1.40)
Osteoporosis 1.44 (95% Cl 1.28-1.63)
Avascular necrosis 1.46 (95% CI 0.57-3.74)
Glaucoma 1.04 (95% Cl 0.82-1.32)
Cataract 1.26 (95% Cl 1.04-1.52)
Sweeney, 2016 | Adjusted OR Dyspepsia 3.99 (95% Cl 3.37-4.72) &
1.94 (95% Cl 1.44-2.61)
Psychiatric 1.43 (95% Cl 1.22-1.69) &
2.39(95% Cl 1.64-3.49)
Sleep disorder 1.70 (95% Cl 1.13-2.53) &
3.07 (95% CI 1.64-5.77)
Chronic kidney disease 1.80 (95% Cl 1.39-2.32)
Hypertension 1.35(95% Cl 1.12-1.61) &
1.59 (95% Cl 1.07-2.36)
Lipid disorder 1.15(95% Cl 0.92-1.44) &
2.64 (95% Cl 1.60-4.37)
Cardiovascular 1.36 (95% Cl 1.02-1.81) &
0.74 (95% Cl 0.41-1.33)
Diabetes mellitus 1.46 (95% Cl 1.11-1.91) &
3.5 (95% Cl 1.94-6.24)
Obesity 1.36 (95% Cl 1.16-1.59) &
1.41 (95% Cl 1.06-1.88)
Fractures 1.54 (95% Cl 1.06-2.22)
Osteoporosis 5.23 (95% Cl 3.97-6.89) &
1.27 (95% CI 0.71-2.28)
Osteopenia 5.26 (95% CI 3.75-7.37) &
1.23(95% CI 0.79-1.92)
Glaucoma 1.12 (95% CI 0.75-1.68) &
0.93 (95% Cl 0.31-2.74)
Cataracts 1.89 (95% CI 1.39-2.56)
Zazzdli, 2015 Any complications 1.16 (95% CI 1.06-1.27)
Infections 5.43 (95% Cl 2.09-14.12)
Pneumonia 3.73 (95% Cl 2.96-4.69)
Ulcer 3.00 (95% CI 0.31-28.87)
Hypertension 1.20 (95% Cl 1.08-1.33)
Lipid disorder 0.89 (95% CI 0.81-0.99)
Diabetes mellitus 1.26 (95% Cl 1.10-1.44)
Obesity 1.18 (95% CI 1.00-1.40)
Glaucoma 1.12 (95% CI 0.72-1.43)
Cataract 1.26 (95% CI 0.91-1.73)
Fractures 2.33(95% Cl 1.36-4.00)
Osteoporosis 1.82 (95% Cl 1.31-2.54)
Bone related complications 1.91 (95% Cl 1.43-2.55)
Zeiger Unadjusted OR Infections <25 1.58 (95% Cl 1.41-1.77)
2550 1.92 (95% Cl 1.55-2.37)
5.0-7.5 1.67 (95% Cl 1.12-2.51)
>75 2.51 (95% Cl 1.69-3.73)
Ulcer <25 2.64 (95% Cl 1.06-6.56)
2550 7.03 (95% Cl 2.29-21.57)
5.0-7.5 5.02 (95% CI 0.62-40.44)
>75 2.76 (95% CI 0.16-48.10)
Anxiety <25 1.44 (95% Cl 1.25-1.65)
2550 2.07 (95% Cl 1.63-2.64)
5.0-7.5 1.56 (95% Cl 0.97-2.52)




>75 1.46 (95% Cl 0.86-2.49)
Depression <25 1.38 (95% Cl 1.21-1.58)
2550 1.19 (95% CI 0.91-1.56)
5.0-7.5 1.14 (95% CI 0.69-1.89)
>75 1.30 (95% CI 0.77-2.18)
Hypertension <25 1.26 (95% CI 1.15-1.39)
2.5-5.0 1.58 (95% CI 1.31-1.91)
5.0-75 1.44 (95% ClI 1.02-2.04)
>75 2.02 (95% CI 1.40-2.90)
Hypercortisolism <25 5.11 (95% Cl 1.36-19.29)
2550 18.76 (95% CI 4.47-78.74)
5.0-75 54.79 (95% CI 12.15-247.11)
>75 48.34 (95% Cl 9.66-242.00)
Diabetes mellitus <25 1.02 (95% CI 0.89-1.18)
2550 1.10 (95% CI 0.83-1.46)
5.0-7.5 1.03 (95% Cl 0.61-1.74)
>75 1.33 (95% CI 0.79-2.24)
Fractures <25 1.26 (95% CI 1.03-1.54)
2.5-5.0 1.67 (95% Cl 1.17-2.39)
5.0-75 1.44 (95% ClI 0.73-2.87)
>75 2.58 (95% Cl 1.43-4.65)
Osteoporosis <25 1.11 (95% Cl 0.86-1.44)
2550 1.66 (95% CI 1.07-2.58)
5.0-75 1.74 (95% CI 0.80-3.78)
>75 2.39 (95% Cl 1.15-4.98)
Glaucoma <25 1.02 (95% CI 0.75-1.39)
2550 1.23 (95% CI 0.69-2.21)
5.0-7.5 1.37 (95% CI 0.50-3.75)
>75 2.04 (95% ClI 0.82-5.09)
Cataract <25 1.38 (95% CI 1.12-1.71)
2.5-5.0 1.11 (95% CI 0.70-1.75)
5.0-75 1.74 (95% CI 0.88-3.47)
>75 3.67 (95% CI 2.01-6.40)
Zhang, 2009 Relative Risk Myocardial infarction 1.50 (95% Cl 1.20-1.70)
M1 hospitalization 1.80 (95% CI 1.30-2.60)
Table S2: Definition of system related complications:
Gastrointestinal Nausea/vomiting
Gastrointestinal bleeds/ulcers
Dyspepsia
Infections Fungal infections
Pneumonia
Sepsis
Tuberculosis
Urinary tract infection
Varicdlainfection
Bursitis
Bone- and Fractures
muscle-related
Avascular necrosis
Osteoporosis
Muscle weakness




Back pain

Cardiovascular . Atrial fibrillation/flutter
Hypertension

Myocardial infarction

Metabolic - Hyperglycemia
Dyslipidemia
Obesity

Diabetes mellitus

Metabolic syndrome

Ocular . Cataracts

Glaucoma

Psychiatric . Bipolar disorder
Depression
Sleep disturbances

Steroid psychosis

Table S3: Dose-response relationship of complications among different OCS dose ranges compared with non

OCS users.

Adverse effect OR 95% ClI

Any complication

Low dose 296 (1.37-3.72)
Medium dose 204 (2.62-3.29)
High dose 335 (2.94-3.82)

Cardiovascular

Low dose 117 (0.96-1.43)

Medium dose 185 (1.73-1.99)

High dose 1.82 (1.67-1.98)
Gastrointestinal

Low dose (1.21-1.52)

1.36




Medium dose 2.09 (1.99-2.20)

High dose 2.06 (1.96-2.17)
Infections

Low dose 160 (1.40-1.82)

Medium dose 230 (2.18-2.43)

High dose 268 (2.46-2.91)
Psychiatric

Low dose 1.03 (0.90-1.17)

Medium dose 137 (1.30-1.44)

High dose 1.41 (1.32-1.50)
Bone/muscle

Low dose 1.20 (1.09-1.33)

Medium dose 211 (2.00-2.12)

High dose 2.30 (2.18-2.42)
Ocular

Low dose 1.08 (0.98-1.18)

Medium dose 121 (1.13-1.29)

High dose 1.40 (1.31-1.49)

Table $A4: Dose-response relationship of OCS use and healthcare utilization because of OCS related

complications

Healthcare utilization IRR 95% CI

Inpatient visits

Low dose 171 (1.59-1.83)
Medium dose 297 (2.16-2.39)
High dose 3.09 (2.94-3.25)

Emergency room visits

Low dose 1.28 (1.17-1.40)




Medium dose 1.66 (1.55-1.78)

High dose 2.10 (1.95-2.26)
Outpatient visits

Low dose 192 (1.16-1.29)

Medium dose 131 (1.26-1.36)

High dose 150 (1.45-1.56)
Other visits

Low dose 1.32 (1.18-1.47)

Medium dose 1.48 (1.36-1.61)

High dose 1.64 (1.51-1.79)
Pharmacy claims

Low dose 1.63 (1.58-1.69)

Medium dose 179 (1.76-1.83)

High dose 1.96 (1.93-2.00)

Table S5: Summary of collected cost data (a) studies reporting different cost data:

Study

Cost Category

Cost

Barry, 2017 Mean annual cost
(26) Total cost 4269-7434 US$ *
Clinical activity 1494-4590 US$ *
Prescription 2775-2844 US$ *
Broder, 2017 Mean total annual healthcare cost 40933 US$
27) Adjusted mean total annual healthcare cost excess 17122 +/- 2395 US$
Luskin, 2016 Unadjusted mean annual healthcare cost in patientswith 26355 US$ (95% Cl 25264-27447)
(28) complications

Adjusted mean cost in patientswith complications

Annual total healthcare cost 25168 US$ (95% Cl 24223-26133)

Annual asthmarelated healthcare cost 4213 US$ (95% CI 3990-4435)

*Adjusted to 2014 US$

(b) Comparison of studies reporting similar cost data:




Cost category OCS dose Dalal, 2016 (10) Lefebvre, 2017 (11) Lefebvre, 2015 (7)
Mean differencein US$ Mean differencein US$ Mean differencein US$
compared with non-OCS compared with non-OCS compared with low dose OCS

Pharmacy and medical costs | Low 667 (95% Cl 257-937) 678 (95% Cl 414-922)

Medium 1160 (95% Cl 1038-1427) | 1181 (95% Cl 928-1397) 478 (95% Cl 256-733)
High 2291 (95% Cl 2044-2532) 2140 (95% Cl 1766-2391) 1370 (95% CI 1018-1720)

Pharmacy Cost Low 342 (95% CI 302-397) 141 (95% Cl 47-212)

Medium 422 (95% Cl 393-460) 356 (95% Cl 253-429) 110 (95% ClI 36-198)
High 416 (95% Cl 382-447) 643 (95% CI 511-740) 307 (95% CI 208-417)

All medical cost Low 390 (95% CI -33-629) 521 (95% Cl 291-755)

Medium 760 (95% Cl 629-1013) 817 (95% Cl 613-1009) 369 (95% CI 168-600)
High 1872 (95% Cl 1633-2096) 1497 (95% Cl 1189-1719) 1061 (95% Cl 731-1402)

Inpatient visit Low 233 (95% Cl -143-467) 195 (95% CI 82-351)

Medium 467 (95% Cl 331-683) 427 (95% Cl 340-548) 239 (95% CI 102-391)
High 1433 (95% Cl 1212-1635) 837 (95% CI 675-972) 620 (95% CI 403-848)

Outpatient visit Low 82 (95% CI 12-142) -24 (95% CI -110-96)

Medium 182 (95% CI 150-230) 91 (95% CI -17-197) 136 (95% CI 45-215)

High 282 (95% CI 244-325) 368 (95% CI 195-486) 398 (95% CI 250-514)
ER visit Low 24 (95% Cl 11-45) 1(95% ClI -1-3)

Medium 30 (95% Cl 24-44) 2 (95% Cl 0-4) 2 (95% Cl 0-3)

High 76 (95% ClI 49-72) 4 (95% Cl 2-7) 4 (95% CI 2-6)

Other visit costs Low 55 (95% ClI 6-93) 249 (95% Cl 114-376)

Medium 75 (95% CI 52-103) 253 (95% CI 137-363) 35 (95% CI -88-173)
High 95 (95% CI 78-122) 319 (95% CI 192-450) 116 (95% CI -30-291)
Annual increased cost of Low 2670 2440
Complications Medium 4639 4516 1914
High 9162 8684 5479
Total cost of acute Low 984
complications Medium 1880 842
High 4168 2953
Total cost of chronic Low 2424
complications Medium 4028 1767
High 6816 4492

Low dose: <5 mg in Dalal’s study and < 6 mg in Lefebvre’s studies
Medium dose: 5-10 mg in Dalal’s study and 6-12 mg in Lefebvre’s studies

High dose: >10 mg in Dalal’s study and >12 mg in Lefebvre’s studies



Figure S1: Search Strategy:

1 exp Asthma/

2 asthma*.mp.

3 1or2

4 exp Prednisone/

5 prednisone.mp.

6 exp Prednisolone/

7  prednisolone.mp.

8 exp Dexamethasone/

9 dexamethasone.mp.

10 exp Betamethasone/

11 betamethasone.mp.

12 exp Glucocorticoids/

13  systemic corticosteroid*.mp.

14 or/4-13

15 "Drug-Related Side Effects and Adverse Reactions"/

16  adverse.mp.

17  (ae or si or to or co).fs.

18 (safe or safety).ti,ab.

19 side effect$.ti,ab.

20 ((adverse or undesirable or harm$ or serious or toxic) adj3 (effect$ or reaction$ or event$ or outcome$)).ti,ab.



21

22
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24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

(toxicity or complication$ or noxious or tolerability).ti,ab.

exp Hypertension/

Hypertension.mp.

exp Myocardial Infarction/

myocardial infarction.mp.

exp Osteoporosis/

osteoporosis.mp.

exp Cataract/

cataract*.mp.

exp Diabetes Mellitus/

diabetes.mp.

exp Adrenal Insufficiency/

adrenal insufficiency.mp.

exp Wound Healing/

wound healing.mp.

or/15-35

exp Hospitalization/

hospitalization*.mp.

economic*.mp.

ec.fs.

exp "Costs and Cost Analysis"/

cost*.mp.

exp Health Care Costs/



44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

(health adj10 cost*).mp.

exp Emergency Service, Hospital/

(emergency adj5 visit*).mp.

or/37-46

exp Cost-Benefit Analysis/

cost effectiveness.mp.

48 or 49

3 and 14 and 36

3 and 14 and 47

3 and 14 and 50

(random$ or placebo$ or single blind$ or double blind$ or triple blind$).ti,ab. (1365546)

RETRACTED ARTICLE/

exp cohort analysis/

exp longitudinal study/

exp prospective study/

exp follow up/

cohort$.tw.

exp case control study/

(case$ and control$).tw.

exp case study/

(case$ and series).tw.

case report/

(case$ adj2 report$).tw.



67 (case$ adj2 stud$).tw.

68 or/54-67

69 51and 68

70 52 and 68

71 53 and 68

Figure S2: Therisk of development of any complications among different dose ranges of OCS compared with

non-OCS users.

Any complications

First author Odds Ratio OR 95%-CI
Low dose
Dalal —— 2.51 [1.24;5.08]
Lefebvre . E— 2.03 [1.00; 4.12]
Fixed effect model — 2.26 [1.37; 3.72]
Medium dose
Dalal B 2.94 [2.62; 3.31]
Lefebvre ———  2.86 [1.86; 4.40]
Fixed effect model < 2.94 [2.62; 3.29]
High dose
Dalal = 3.32 [2.89; 3.81]
Lefebvre ——— 3.63 [2.41; 5.48]
Fixed effect model ; | | < ; 3.35 [2.94; 3.82]
0.2 0.5 1 2 5

More in Control More in OCS

Figure S3: Therisk of development of cardiovascular complications among different dose ranges of OCS

compared with non-OCS users



CVs

First author Odds Ratio OR 95%-Cl
Low dose
Dalal —T 1.21 [0.90; 1.62]
Lefebvre — 1.14 [0.87; 1.50]
Fixed effect model — 1.17 [0.96; 1.43]
Medium dose
Dalal — 1.77 [1.63: 1.91]
Lefebvre —=%— 2.23 [1.90; 2.60]
Fixed effect model < 1.85 [1.73; 1.99]
High dose
Dalal = 1.73 [1.57; 1.91]
Lefebvre —=+— 2.05 [1.76; 2.40]
Fixed effect model | O| 1.82 [1.67; 1.98]
0.5 1 2

More in Control More in OCS

Figure S4: Therisk of development of gastrointestinal complications among different dose ranges of OCS

compared with non-OCS users.

Gl

First author Odds Ratio OR 95%-Cl

Low dose

Dalal —— 1.19 [0.99; 1.41]

Lefebvre — 1.51 [1.29; 1.76]

Fixed effect model << 1.36 [1.21; 1.52]

Medium dose

Dalal o 2.01 [1.90; 2.14)

Lefebvre == 232 [2.10; 2.55]

Fixed effect model < 2.09 [1.99; 2.20]

High dose

Dalal = 1.95 [1.84; 2.07]

Lefebvre —+=— 2.56 [2.28; 2.88]

Fixed effect model ; I<> 2.06 [1.96; 2.17]
0.5 1 2

More in Control More in OCS

Figure S5: Therisk of development of infections among different dose ranges of OCS compared with non-OCS

users:



Infections

First author Odds Ratio OR 95%-Cl
Low dose
Dalal —8— 1.70 [1.34; 2.15]
Lefebvre — 1.55 [1.33; 1.82]
Fixed effect model - 1.60 [1.40; 1.82]
Medium dose
Dalal == 2.25 [2.12; 2.38]
Lefebvre - 2,53 [2.25; 2.85]
Fixed effect model < 2.30 [2.18; 2.43]
High dose
Dalal - 2.44 [2.16; 2.74]
Lefebvre —— 2.94 [2.62; 3.31]
Fixed effect model | : <> 2.68 [2.46; 2.91]
0.5 1 2

More in Control More in OCS

Figure S6: High dose OCS use and healthcare utilization because of OCS related complications compared with

non-OCS users.



First author Odds Ratio OR 95%-ClI

Inpatient visit

Dalal = 3.35 [3.16; 3.56]
Lefebvre - 246 [2.23;2.71)]
Fixed effect model ¢ 3.09 [2.94, 3.25]
Heterogeneity: I” = 96%

ER visit

Dalal = 2.16 [2.00; 2.34]
Lefebvre —— 1.72 [1.38; 2.13]
Fixed effect model < 2.10 [1.95; 2.26]
Heterogeneity: 1? = 74%

Outpatient visit

Dalal i 1.54 [1.48;1.60]
Lefebvre —— 1.15 [1.00; 1.32]
Fixed effect model ¢ 1.50 [1.45; 1.56]
Heterogeneity: I° = 94%

Other visit

Dalal = 1.72 [1.56;1.89]
Lefebvre —— 1.43 [1.20;1.71]
Fixed effect model < 1.64 [1.51;1.79]
Heterogeneity: 1?=67%

Pharmacy claims

Dalal + 1.93 [1.90; 1.97]
Lefebvre - 2.23 [2.10; 2.36]
Fixed effect model ¢ 1.96 [1.93; 2.00]
Heterogeneity: 12 = 95% | :

0.5 1 2
More in Control More in OCS

OR: Oddsratio, ER: emergency room

OCSuse and healthcar e utilization because of OCSrelated complications:
This study demonstrates higher rates of healthcare utilization as OCS dose increased. The adjusted OR of
inpatients hospital admissions because of OCS related complications compared with non-OCS users, from the

two studies that used regression modeling, was 1.71 (95% Cl 1.59-1.83), 2.27 (95% Cl 2.16-2.39), and 3.09



(95% CI 2.94-3.25) for low dose (< 6 mg), medium dose (5-12 mg) and high dose (>10 mg) respectively. Asin

supplementary file (table S4 and figure S5).

Healthcare cost of OCSrelated complications:

Six studies provided cost data. Although there are methodological limitations in terms of reporting these datawe
have included such data to provide a comprehensive overview. Upon individua study review, there was an
increased cost difference of OCS related complications compared with non-OCS patients’ healthcare cost across

the different dose ranges as demonstrated in table S5. We adjusted the cost to the same currency and year.

Discussion:

This study also showed that higher cumulative doses of OCS significantly increased all types of OCS-related
healthcare resource utilization with a significant dose-response relationship with an increase in IRR for inpatient
visits to 3.09 compared to non-OCS using asthmatics. Thisis higher than that reported by Broder et a. where the
all cause hospitalization risk was 1.81 (95% CI 1.25-2.62), which included patients with 6 or more courses of
OCS or intake of OCS for more than 30 days compared with 1 course or less or no OCS intake for more than 30
days (28). Zeiger et a study showed that patients with severe asthma on chronic OCS with adose 2.5mg or more
per day are more likely to have asthma exacerbations, including ED visits and hospitalizations when compared

with non-OCS dependent asthma patients.®?

While there are methodological issuesin pooling health care costs described earlier, the studies reporting cost in
this review have aso shown that the annual healthcare costs associated with AEs from OCS isincreased with
increasing doses. Three studies showed that the cost of inpatient care accounted for the greater proportion of the
total cost (11, 12). On the other hand, two other studies published in the UK showed that pharmacy costs
accounted for most of the total cost (27, 34). Barry et al. study also demonstrated higher costs for OCS related
complications compared to matched asthmatics with an estimated annual cost for prescription drugs and
healthcare activity of £1310 “US$2142” (£772 “US$ 1262 plus £538 “US$ 880”) and £224 “US$366” (£112

“US$183” plus £112 “US$183”) respectively (27).
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