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Abstract

Short-term oral steroid use may improve lung function and respiratory symptoms in patients with stable
chronic obstructive pulmonary disease (COPD). However, long-term oral steroid (LTOS) use is not
recommended owing to its potential adverse effects. Our study aimed to investigate whether chronic use
of oral steroids for more than 4 months would increase mortality and vertebral fracture risk in patients with
stable COPD. A systemic search of the PubMed database was conducted, and meta-analysis was performed
using Review Manager 5.3. Five studies with a total of 1795 patients showed there was an increased risk of
mortality in patients using LTOS (relative risk, 1.63; 95% confidence interval (Cl), 1.19-2.23; p < 0.0001;
I* = 86%). In addition, four studies with a total of 17,764 patients showed there was an increased risk of
vertebral fracture in patients using LTOS (odds ratio, 2.31; 95% Cl, 1.52-3.50; p = 0.03; I* = 65%). Our meta-
analysis showed LTOS was associated with increased mortality and vertebral fracture risk in patients with
COPD, and this risk may be due to the adverse effects of LTOS and progression COPD.
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Introduction

Chronic obstructive pulmonary disease (COPD) con-
tributes significantly to the local and global burden of
diseases; it is the seventh leading cause of mortality in
Taiwan' and the third worldwide.> A previous meta-
analysis showed that short-term oral steroid use for a
mean duration of 2 weeks in patients with stable
COPD may have beneficial effects on lung function,
respiratory symptoms, and exacerbation frequency.’
According to the Global Initiative for Chronic
Obstructive Lung Disease (GOLD) guideline, sys-
temic use of glucocorticoids is recommended only
in the treatment of COPD acute exacerbation, whereas
long-term inhaled corticosteroid, in association with
long-acting bronchodilators, may be considered in
patients with a history of exacerbations.* Chronic oral
steroid use is not recommended in patients with stable
COPD due to its potential adverse effects, such as
hyperglycemia, blood pressure elevation, adrenal sup-
pression, and reduced serum osteocalcin levels.**
However, in patients with refractory symptoms and
those who are unable to use inhalation devices, long-
term oral steroids (LTOS) are often prescribed for
disease control in clinical practice. Moreover, there
are considerable concerns about increased incidence
of pneumonia and tuberculosis reactivation with long-
term inhaled steroid use. For example, in Tashkin
et al.’s study, about 8.4% COPD patients were taking
oral corticosteroids.” But no previous meta-analysis
focused on the outcome of LTOS in COPD patients.
We were interested in whether LTOS would increase
mortality risk in COPD patients. Also, vertebral frac-
ture was found to be associated with mortality in
elderly patients in Lau et al.’s study.® Thus, our study
aimed to investigate whether chronic use of oral ster-
oids for more than 4 months resulted in increased
mortality and vertebral fracture risk in patients with
stable COPD.

Methods
Criteria for considering studies for this review

Types of studies. Randomized controlled trials, cohort
studies, case—control studies.

Types of participants. Adults diagnosed to have COPD
according to the GOLD definition.

Types of interventions. LTOS was defined as using oral
steroid for more than 4 months. Studies investigating

LTOS versus placebo were considered. There were no
restrictions on steroid dose or steroid types.

Types of outcome measures. Outcomes of interest were
mortality and vertebral fracture.

Search strategy and data extraction

This systemic review was performed according to
the Preferred Reporting Items for Systematic Review
and Meta-Analysis Protocols (PRISMA-P) 2015
statement.’

A systemic search of CINAHL, Embase, Medline,
and PubMed databases was performed for articles up
to November 30, 2018. For mortality outcome analy-
sis, we used the terms: COPD or chronic obstructive
pulmonary disease or chronic obstructive airway dis-
ease or chronic bronchitis and cortisone or steroid or
glucocorticoid or corticosteroid or hydrocortisone
or prednisone or prednisolone or methylprednisone
or methylprednisolone or dexamethasone or solume-
drol and mortality or death or fatality. A total of 2018
articles was identified. For vertebral fracture outcome
analysis, we used the terms: COPD or chronic
obstructive pulmonary disease or chronic obstructive
airway disease or chronic bronchitis and cortisone or
steroid or glucocorticoid or corticosteroid or hydro-
cortisone or prednisone or prednisolone or methyl-
prednisone or methylprednisolone or dexamethasone
or solumedrol and fracture or break or crack. A total
of 251 articles was identified. The articles were inde-
pendently reviewed by two reviewers (YC Chen, YP
Chang) for eligibility, and different opinions were
resolved by consensus. Sixteen of the 2018 articles
were selected for possible inclusion, and 5 articles
met criteria for mortality risk analysis. Twenty-five
of the 251 articles were selected for possible inclu-
sion, and 4 articles met criteria for vertebral fracture
risk analysis. Nine studies were included as shown in
Figure 1. The risk of bias in the included studies was
assessed using the recommendations in the Cochrane
Handbook for Systematic Review 5.5.

Statistical analysis

Meta-analysis was performed using Review Manager
5.3. We used random effects relative risk (RR) for
mortality outcomes and random effects odds ratio
(OR) for vertebral fracture outcomes. For each study,
the 95% confidence interval (CI) was calculated.
Heterogeneity was calculated using the /* test.
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Results about mortality identified Results about vertebral fracture
through database searching: identified through database searching:
CINAHL (n = 326) CINAHL (n = 51)
Embase (n = 502) Embase (n = 53)
Medline (n = 24) Medline (n = 3)
PubMed (n = 1166) PubMed (n = 144)
‘ Titles/abstracts screened (n = 2018) ‘ | Titles/abstracts screened (n = 251) |
‘ 16 articles assessed for eligibility ‘ | 25 articles assessed for eligibility |
Excluded: Excluded:
1. Not meet criteria (n = 6) 1. Not meet criteria (n = 15)
2. Commentary (n=1) — 2. Review (n=3)
3. Meta-analysis (n = 2) 3. Abstracts only (n = 3)
4. Abstracts only (n = 2) L
5 studies included for 4 studies included for vertebral
mortality meta-analysis fracture meta-analysis

Figure |. Flowchart of included studies.

Results
Characteristics of studies

The characteristics of the included studies with
respect to mortality and vertebral fracture are shown
in Table 1 and Table 2, respectively. For mortality
outcome evaluation, 1795 patients from five studies
were enrolled®'?; for vertebral fracture outcome eva-
luation, 17,764 patients from four studies were
included.'*"'® All nine studies were published
between 1998 and 2014.

Mortality outcome measurement studies

Among the five enrolled studies, four were prospec-
tive cohort studies, whereas one was a prospective
case—control study. A total of 1795 patients were
included; the results of the four studies showed that
LTOS users had a higher mortality rate than the pla-
cebo group.® '*!'? Ringback et al.’s study showed that
LTOS use did not increase mortality in all patients,
but did in those with body mass index more than
25 kg/m?.'" In Schol et al.’s study, it was observed that
a higher cumulative dose of an oral glucocorticoid is
associated with a higher mortality risk.” A meta-
analysis of these five studies demonstrated that LTOS
users have increased risk of mortality (RR, 1.63; 95%
CI, 1.19-2.23; p < 0.0001; > = 86%; Figure 2). The
Egger’s regression intercept p value was 0.13914, indi-
cating the results were not due to publication bias.

Vertebral outcome measurement studies

All of the four included studies were retrospective
case—control studies. There were 2048 LTOS users,
and 15,716 patients were in the placebo group. All
four studies showed that LTOS users have increased
rate of vertebral fractures.!'™'* In Walsh et al.’s study,
LTOS use was also associated with increased risk of
hip (OR, 6; 95% CI, 1.2-30), and ribs or sternum (OR,
3.2; 95% CI, 1.6-6.6) fracture.'* In Vestergaard
et al.’s study, LTOS use not only increased the risk
of hip, forearm, and spine fractures but also showed a
dose-dependent effect.'® In Nuti et al.’s study, steroid
use was associated with vertebral fractures in men,
but not in women.'® A meta-analysis of these four
studies revealed that LTOS users have increased risk
of vertebral fractures (OR, 2.31; 95% CI, 1.52-3.50;
p =0.03; = 65%; Figure 3). The Egger’s regression
intercept p value was 0.54103, indicating the results
were not due to publication bias.

Discussion

The GOLD guidelines recommend the use of systemic
glucocorticoids in the treatment of COPD acute
exacerbation, but not for chronic use.* Although no
randomized control trials of long-term corticosteroids
use have been performed to show any obvious bene-
fits in COPD control, LTOS are often prescribed in
patients with frequent exacerbations or severe
disease.®*!? In addition, LTOS use was considered
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Oral steroid Control Risk Ratio Risk Ratio Risk of Bias

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% ClI ABCDEFG
Strom 1998 85 211 56 192 221% 1.38[1.05,1.82] 1998 l 000068
Schols 2001 79 391 10 165 129% 3.33[1.77,6.27] 2001 —— ([ XX 1T 11 &
Groenewegen 2003 1m0 17 27 154 163% 3.36[1.98,5.67] 2003 —— (X 1 1T 1 &
Ringbaek 2004 53 76 94 145 242% 1.08[0.89,1.30] 2004 - 0@ ?
Horita 2014 81 102 2117 342 255% 1.25[1.10,1.42] 2014 - @@ [
Total (95% CI) 797 998 100.0% 1.63 [1.19, 2.23] L 2
Total events 308 404
Heterogeneity Tau®= 0.10; Chi*= 28.38, df= 4 (P < 0.0001); F= B6% T ; 100

Test for overall effect: Z= 3.02 (P = 0.003)

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (delection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias

Favours [oral steroid] Favours [control]

Figure 2. Forest plot showing mortality risk among LTOS users. LTOS: long-term oral steroid; Cl: confidence interval; M-

H: Mantel-Haenszel.

Test for overall effect Z= 3.94 (P < 0.0001)

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias

Odds Ratio Odds Ratio Risk of Bias

Study or Subgroup  logfOdds Ratio] SE Weight IV, Random, 95% Cl Year IV, Random, 95% Cl ABCDEFG
McEvoy 1998 1.0053 0.3045 17.6%  200[1.38, 6.48 1998 [ EXTTT K
Walsh 2001 23026 06316 9.0% 10.00(2.90, 34.48] 2001 T 72+ +0@
Vestergaard 2007 06881 00627 42.9% 1.99[1.76,2.25] 2007 u 70000
Nuti 2009 04637 02156 305%  1.59[1.04,2.43 2000 —-— 270000
Total (95% CI) 100.0%  2.31[1.52,3.50] <>

i —— - e _— } } } }
Heterogeneity: Tau*= 0.10; Chi*= 8.67, df= 3 (P = 0.03); F= 65% ihe o5 : : 3

Favours [oral steroid] Favours [control]

Figure 3. Forest plot showing vertebral fracture risk among LTOS users. LTOS: long-term oral steroid; Cl: confidence

interval; SE: standard error.

to be the last step in the management of COPD in the
previous guideline.'? Long-term use of oral corticos-
teroids is not recommended due to its potential
adverse effects. The documented adverse effects
include hyperglycemia, myopathy, osteoporosis,
hypertension, infection, immunosuppression, and
others."” Among its numerous effects, myopathy has
been found to not only limit exercise capacity,'® but it
is also associated with worse outcome in patients with
COPD with hypercapnic respiratory failure.'’
Although myopathy seems to correlate with mortality,
it was observed in the Ringbaek et al.’s study that
LTOS did not result in a higher PaCO,.""

In our meta-analysis, LTOS use was associated
with poor outcome. However, it was difficult to

establish whether this observation was due to the
adverse effects, such as myopathy, or COPD severity.
This is because no single factor, such as age, lung
function, or arterial carbon dioxide level, could pre-
dict the outcome precisely in patients with COPD.
Our meta-analysis also showed increased vertebral
fracture risk in patients who used LTOS. Previous
studies have shown that oral steroids increase fracture
risk in patients with rheumatoid arthritis*® and
asthma.?! Glucocorticoid use has also been found to
increase bone loss and fracture risk.”> However, many
factors, such as smoking and inactivity caused by the
disease, can also contribute to osteoporosis in patients
with COPD.?*** McEvoy et al. found that the baseline
prevalence of osteoporosis in their patient group was
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much higher than in previously published studies, and
this suggested that factors related to COPD may pro-
mote the development of osteoporosis.'> COPD
severity was found to be an independent predictor of
vertebral fractures in a study by Nuti et al.'® The
etiology of osteoporosis in COPD is complicated; fac-
tors such as smoking, older age, systemic inflamma-
tion, and vitamin D deficiency may contribute to
osteoporosis.25 Therefore, both steroid use and COPD
itself can cause osteoporosis and increase vertebral
fracture risk. In addition, a dose relationship was
noted in the studies by McEvoy, Walsh, and Vester-
gaard. LTOS use was also observed to increase hip
and forearm fracture risk in the studies by Walsh
and Vestergaard.

Although LTOS use may increase mortality and
vertebral fracture risk, inhaled steroids do not. A pre-
vious meta-analysis found that using inhaled steroids
for more than 6 months may cause oropharyngeal
candidiasis, hoarseness, and risk of pneumonia in
patients with stable COPD, but it did not increase the
mortality rate, osteoporosis risk, or fracture risk.?®

This meta-analysis has several limitations. First,
there were no randomized control trials, and the num-
ber of included observational studies was small; all
studies were retrospective case—control or prospective
cohort studies. Thus, the risk of bias with respect to
patient selection and randomization was high in most
of the included studies, and the cause-and-effect rela-
tionship between LTOS and mortality or vertebral
fractures could not be established. The reason why
no randomized control trials were designed may be
because LTOS has prominent adverse effects, and
randomized control trials are not feasible. Second, the
recording of the oral steroid dose and of the duration
of treatment was not precise. Some of the enrolled
studies in this meta-analysis used questionnaires,
some used databases, and some only defined LTOS
based on two screening times. However, the duration
of LTOS use and the period of follow-up could be
traced and recorded (Tables 1 and 2). Third, the rea-
sons for LTOS use were not available. Whether
LTOS was prescribed due to poorly controlled
COPD, adrenal insufficiency, concurrent autoim-
mune diseases, or other reasons could not be estab-
lished. However, all the enrolled patients were
diagnosed to have chronic inflammatory airway dis-
ease prior to the use of LTOS.

In conclusion, our meta-analysis showed that
LTOS use was associated with increased mortality
and vertebral fracture risk in patients with COPD, and

this risk may be due to the adverse effects of LTOS
and progression of COPD. Thus, we suggest that the
dose of oral steroid should be tapered as soon as pos-
sible once the exacerbation of COPD has been
stabilized.
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