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Background: Studies have indicated that therapy with inhaled corticosteroids (ICS) can be associated with
a higher risk of pneumonia. However, it is not known whether ICS increases the risk of mycobacterium.
Most of these published studies were small, and the conclusions were inconsistent.

Methods: A meta-analysis was conducted into whether ICS increases the risk of mycobacterium in
patients with chronic respiratory diseases. PubMed, OVID, EMBASE and Cochrane Library databases were
searched.

Results: Five studies involving 4,851 cases and 28,477 controls were considered in the meta-analysis. From
the pooled analyses, there was significant association between ICS and risk of mycobacterium in all patients
with chronic respiratory diseases [risk ratio (RR) =1.81; 95% confidence interval (CI), 1.23-2.68; P=0.003].
Among patients with chronic respiratory diseases, the relationship between ICS and risk of tuberculosis (TB)
was also significant (RR =1.34; 95% CI, 1.15-1.55; P=0.0001). And meta-analysis of four studies in patients
with chronic obstructive pulmonary disease (COPD) (RR =1.42; 95% CI, 1.18-1.72; P=0.0003) or two
studies in patients who have prior pulmonary TB (RR =1.61; 95% CI, 1.35-1.92; P<0.00001) or three studies
in patients with high-dose ICS (RR =1.60; 95% CI, 1.28-1.99; P<0.0001) showed a relationship between ICS
and risk of mycobacterium.

Conclusions: Significant relationship has been shown between ICS use and risk of mycobacterium in all
patients with chronic respiratory diseases. ICS use also increases the risk of TB among the patients with
chronic respiratory diseases. Use of ICS increases the risk of mycobacterium in patients with COPD or
patients with prior pulmonary TB or patients inhaling high-dose corticosteroids. Further research is required

to establish the potential adverse effect of ICS as a therapy for chronic respiratory diseases.

Keywords: Inhaled corticosteroids (ICS); mycobacterium; risk; meta-analysis

Submitted Dec 07, 2013. Accepted for publication Jun 10, 2014.
doi: 10.3978/j.issn.2072-1439.2014.07.03
View this article at: http://dx.doi.org/10.3978/j.issn.2072-1439.2014.07.03

Introduction

Inhaled corticosteroids (ICS) play an important role in the
treatment of patients with chronic respiratory diseases,
especially in the case of asthma, for which they are the
most effective anti-inflammatory drugs. ICS control airway
inflammation by reducing synthesis of inflammatory
mediators, thus controlling the airway hypersensitivity to

viral infection, allergens and irritants.
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The systemic side effects of long-term treatment with
ICS include easy bruising (1), adrenal suppression (2), and
decreased bone mineral density (3). ICS have also been
associated with cataracts (4) and glaucoma (5) in cross-
sectional studies. Several recent studies of patients with
chronic obstructive pulmonary disease (COPD) have
reported an increased risk of pneumonia among patients
treated with ICS, mainly fluticasone propionate (6-9). A
recent meta-analysis (10) indicated that ICS have important
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immunomodulatory effects on airways with COPD that
may explain both their beneficial effects and the enhanced
risk of pneumonia. Bahgeciler’s study (11) suggested that
inhaled corticosteroid therapy is safe in tuberculin-positive
asthmatic children. Although systemic administration
of corticosteroids is a known risk factor for tuberculosis
(TB) (12), there is no obvious evidence that use of ICS is
associated with the risk of mycobacterium. Sporadic reports
(13,14) and several studies (15-21) have evaluated whether
ICS increase the risk of mycobacterium. However, the
sample sizes were relatively modest, and the results were
inconclusive. In order to investigate the precise relationship
between ICS and mycobacterium, we carried out this meta-
analysis.

Methods
Search strategy

We conducted an exhaustive search for studies that
examined the association of ICS with mycobacterium. We
searched PubMed, EMBASE, OVID, and the Cochrane
library to identify available articles published before August
2013 concerning the relationship between ICS and the
risk of mycobacterium. The Medical Subject Heading
(MeSH) terms and/or free words that were entered were
‘ICS’ or ‘inhaled corticosteroid’ in combination with “T'B’
or ‘mycobacterium’. Reviews and reference lists of relevant
articles were also screened for additional articles of interest.
There were no restrictions placed on language, race,
ethnicity or geographic area.

Inclusion and exclusion criteria

Studies fulfilling the following selection criteria were
included in this meta-analysis: (I) evaluation of the ICS
and mycobacterium risk or TB; (II) using a case-control
or cohort design; (III) exposure to ICS in both cases and
controls should be available for estimating risk ratio (RR)
and 95% confidence interval (CI); (IV) patients with chronic
respiratory diseases. The exclusion criteria included: (I)
reviews and abstracts; (II) the number exposure to ICS in
both teams was not reported.

Quality score assessment

The quality of studies was independently assessed by
two reviewers who used the quality assessment scores of
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the Newcastle-Ottawa Scale (NOS). The NOS assesses
cohort and case-control studies in terms of selection of
participants (sources and selection of cases and controls),
and comparability of cases and controls and exposure
(ascertainment of exposure and non-response rates) (22).
Total scores ranged from 0 to 9, with a higher score
meaning that the quality of the study was higher. There are
only five included studies, so we cannot conduct a funnel
plot.

Data term

Two investigators independently extracted data and
appraised them. The data were compared and any
discrepancies were resolved by discussion or a third author.
From each study, we extracted the following information:
first author, year of publication, study design, the number of
cases and controls, and the study population (Zable I).

Statistical analyses

We performed a meta-analysis to assess whether exposure to
ICS was associated with a risk of mycobacterium. Subgroup
analyses were performed for different populations. All
statistical tests were performed using Revman Software
(version 5.1, Cochrane Collaboration, United Kingdom
London), using RR and 95% CI for dichotomous outcomes.
Cochran’s Q test (23), based on the ¥’ test, was used to
assess the heterogeneity between the studies. If the result of
the heterogeneity test had a P value >0.10, RR was pooled
according to the fixed effect model. Otherwise, the random
effect model was used. A P value <0.05 was considered
statistically significant.

Results
Studies included in the meta-analysis

Figure 1 outlines our study selection process. A total of
125 articles were identified after an initial search. After
removing duplications, 30 articles were excluded. After
reading the titles and abstracts, 76 articles were excluded
because they were abstracts or reviews, or irrelevant to ICS,
TB or mycobacterium. After review of the full-text articles,
14 articles were excluded from the meta-analysis, and five
remained. There were two article (17,20) were excluded,
for although they were well designed case-control study
and the exposed factor was ICS, we could not conduct an
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Table 1 Characteristic of included studies
. No. of subjects: all . Follow-up
Author Study design Population NOS Cases
(cases/controls) (months)
Brassard et al. A population-based cohort 6,204 (564/5,640) Respiratory 6 12 B
2011 (16) design with a nested case-control diseases
Andrejak et al. Case-control 1,232 (112/1,120)  Chronic 8 6 NTM
2013 (18) respiratory
diseases
Shu et al. 2010 (15) A case-control 554 (16/538) COPD 5 46 Pulmonary TB
Lee et al. 2013 (20) A nested case-control study 24,722 Chronic airway 7 12 B
(4,139/20,583) diseases
Kim et al. 2013 (19) Retrospective cohort study 616 (20/596) COPD 6 37 Pulmonary TB

NO, number; NOS, Newcastle-Ottawa Scale; TB, tuberculosis; COPD, chronic obstructive pulmonary disease; NTM, non-tuberculosis

mycobacteria.

Records identified through database
searching N=125

v

Titles and abstract screened N=95

> Duplicates n=30

Not pritinent to ICS or tuberculosis

v

Full text articles screened N=19

Y

or mycobacterium n=76

Not case-control or cohort study

v

Include articles N=5

Figure 1 Study flow chart. ICS, inhaled corticosteroids.

effective fourfold table according to the data provided.
Consequently, a total of five eligible studies were included
in this meta-analysis, with a total sample size of 4,851 cases
and 28,477 controls. One was performed in European
populations, one in North American populations, and three
in Asian populations. Four involved TB, and one involved
non-tuberculous mycobacterium (NTM). Details of the
studies are summarized in Table 1.

ICS and mycobacterium in chronic respiratory disease
patients

A summary of the findings of the meta-analysis regarding an
association between ICS and the risk of mycobacterium is
provided in Figure 2. Meta-analysis of the five studies (4,851
cases and 28,477 control subjects) indicated significant
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association between ICS and the risk of mycobacterium
(RR =1.81; 95% CI, 1.23-2.68; P=0.003). In addition, the
outcomes of subgroup analyses are shown in Figures 3-7
and Table 2. Association was similarly found between ICS
and risk of TB (Figure 3: RR =1.34; 95% CI, 1.15-1.55;
P=0.0001). Compared with the control group, the patients
who have prior pulmonary TB (Figure 4: RR =1.61; 95%
CI, 1.35-1.92; P<0.00001) or patients with COPD (Figure 5:
RR =1.42; 95% CI, 1.18-1.72; P=0.0003) after using ICS
show an increased mycobacterium risk. There was also
significant relationship between mycobacterium and
ICS in patients who inhaling high-dose corticosteroids
(fluticasone >500 pg/day) (Figure 6: RR =1.60; 95% CI,
1.28-1.99; P<0.0001). Accordingly, the equivalent doses for
ICS were 100 mg beclomethasone, 50 mg beclomethasone
HFA, 80 mg budesonide, 200 mg triamcinolone, 32 mg
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Cases Control Risk Ratio Risk Ratio

Study or Subqroup _Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI

Andrejak C 2013 63 112 109 1120 19.4% 5.78[4.54, 7.36) -

Brassard P 2011 257 564 2104 5640 20.7% 1.22[1.11,1.39) -

Kim JH 2013 17 20 292 596  19.8% 1.73[1.42,212) -

Lee CH2013 845 4139 3576 20583 20.8% 1.18[1.10,1.26) -

ShuCC 2010 13 16 303 538 19.3% 1.44[1.13,1.85) -

Total (95% CI) 4851 28477 100.0% 1.81[1.23, 2.68] ‘

Total events 1195 6384

Heterogeneity: Tau®= 0.19; Chi*= 168.80, df= 4 (P < 0.00001); I*= 98% u=2 055 : 2 5

Test for overall effect: Z= 3.00 (P = 0.003)

Favours [experimental] Favours [control]

Figure 2 The relationship between ICS and mycobacterium in chronic respiratory diseases. ICS, inhaled corticosteroids.

Experimental Control Risk Ratio Risk Ratio
Study or Subgroup  Events  Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Brassard P 2011 257 564 2104 5640 29.9% 1.22[1.11,1.39] L
Kim JH 2013 17 20 292 596 20.8% 1.73[1.42,212] -
Lee CH 2013 945 4139 3576 20583 32.0% 1.18[1.10,1.26) bl
Shu CC 2010 13 16 303 538 17.4% 1.44[1.13,1.89] —
Total (95% CI) 4739 27357 100.0% 1.34 [1.15,1.55] L 4
Total events 1132 6275
Heterogeneity: Tau?= 0.02; Chi*=15.79, df= 3 (P = 0.001); = 81% 0?2 0?5 2 5

Test for overall effect: Z= 3.87 (P = 0.0001)

Favours [experimental] Favours [control]

Figure 3 The relationship between ICS and tuberculosis risk. ICS, inhaled corticosteroids.

cases Control Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H. Fixed, 95% ClI M-H. Fixed, 95% CI
Kim JH 2013 12 14 127 239 553% 1.61[1.26, 2.06] -
Shu CC 2010 10 11 63 111 447% 1.60[1.25, 2.05) ——
Total (95% CI) 25 350 100.0% 1.61[1.35,1.92] <>
Total events 22 190
Heterogeneity: Chi*= 0.00, df=1 (P=0.97); F=0% 012 075 ﬁ é

Test for overall effect. Z=5.32 (P < 0.00001)

Figure 4 The relationship between ICS and mycobacterium in the p

tuberculosis.

cases Control

Study or Subgroup  Events Total Events Total Weight M-H. Random. 95% CI

Andrejak C 2013 41 54 36 67 20.4%
KimJH 2013 17 20 292 596 248%
Lee CH 2013 630 1360 2577 6791 33.0%
ShuCC 2010 13 16 303 538 21.8%
Total (95% CI) 1450 7992 100.0%
Total events 701 3208

Heterogeneity: Tau®= 0.03; Chi*=13.14, df=3 (P=0.004), F=77%
Test for overall effect: Z= 3.63 (P =0.0003)

Favours [experimental] Favours [control]

atients prior to pulmonary TB. ICS, inhaled corticosteroids; TB,

Risk Ratio Risk Ratio

M-H. Random. 95% CI
1.41[1.08,1.89] —
1.73[1.42,212) ——
1.22[1.14,1.30] =
1.44[1.13,1.89) —=
1.42[1.18,1.72) L 4

0.2 05 1 ?
Favours [experimental] Favours [control]

5

Figure 5 The relationship between ICS and mycobacterium in the patients with COPD. ICS, inhaled corticosteroids; COPD, chronic

obstructive pulmonary disease.
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cases Control Risk Ratio Risk Ratio
Study or Subgroup _ Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Brassard P 2011 96 422 722 4405 40.2% 1.39[1.15, 1.68) &+
Lee CH 2013 671 4139 2109 20583 526% 1.58 [1.46,1.71) L
ShuCC 2010 5 16 45 538 71% 3.74[1.71,8.14) e —
Total (95% CI) 4577 25526 100.0% 1.60 [1.28, 1.99] S
Total events 772 2876
Heterogeneity: Tau®= 0.02; Chi*= 6.44, df= 2 (P = 0.04); I*= 69% 0=2 o=5 2 5

Test for overall effect: Z= 4.12 (P < 0.0001)

Favours [experimental] Favours [control]

Figure 6 Relationship between mycobacterium and high-dose ICS. ICS, inhaled corticosteroids.

cases Control
Study or Subgroup  Events Total Events Total Weight M-H. Random, 95% ClI
Brassard P 2011 58 97 112 174 46.9%
Lee CH 2013 227 366 462 977 53.1%
Total (95% CI) 463 1151 100.0%
Total events 285 574

Heterogeneity: Tau®*= 0.05; Chi*=9.21, df=1 (P = 0.002); F= 89%

Test for overall effect: Z=0.64 (P =0.53)

Risk Ratio
M-H. Random, 95% ClI

Risk Ratio

0.93[0.76,1.13]
1.31[1.18,1.46]

1.12[0.80, 1.56]

05 07 1 15 2
Favours [experimental] Favours [control]

Figure 7 Relationship between mycobacterium and ICS in patients who using OCS. ICS, inhaled corticosteroids; OCS, oral corticosteroids.

Table 2 Subgroup analyses by populations between ICS and mycobacterium

Population NO. of study RR (95% ClI) P1 P2
Overall 5 1.81 (1.23-2.68) 0.003 <0.00001
Subgroup by population
B 4 1.34 (1.15-1.55) 0.0001 0.001
Prior TB 2 1.61 (1.35-1.92) <0.00001 0.97
High doses 3 1.60 (1.28-1.99) <0.0001 0.04
COPD 4 1.42 (1.18-1.72) 0.0003 0.004
OCS 2 1.12 (0.80-1.56) 0.53 0.002

NO, number; RR, risk ratio; Cl, confidential interval; P1, P value of pooled effect; P2, P value of heterogeneity test; TB,
tuberculosis; COPD, chronic obstructive pulmonary disease; OCS, oral corticosteroids; ICS, inhaled corticosteroids.

ciclesonide, 50 mg fluticasone and 200 mg flunisolide. All
doses were converted to fluticasone equivalents. But we
found that exposure to ICS does not increase the risk of
mycobacterium in the presence of oral corticosteroids (OCS)
(Figure 7: RR =1.12; 95% CI, 0.80-1.56; P=0.53).

Discussion

The sorts of mycobacterium are more, can be divided into
mycobacterium TB, NTM and mycobacterium laprae.
Mycobacterium TB is the cause of TB. Among infectious

© Pioneer Bioscience Publishing Company. All rights reserved.

diseases, TB is one of the leading causes of mortality
and morbidity worldwide, with over 95% of TB deaths
occurring in low- and middle-income countries (24).
Mycobacterium TB has developed strategies involving
proteins and other compounds called virulence factors to
subvert human host defences and damage and invade the
human host. Therefore, it is an important task for us to
prevent mycobacterium infection. ICS is frequently used to
treat patients with chronic airway diseases, including asthma
and COPD, as this is the most efficient anti-inflammatory
treatment. ICS has become the first choice for long-
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term treatment of persistent asthma. ICS are metabolized
via the cytochrome P450 system, which is involved in
biotransformation of the majority of all drugs current
available. Of the various ICS available, ciclesonide has less
systemic activity, and therefore is likely to be associated with
fewer adverse effects of the upper airway (25). ICS do have
various systemic side effects, although less than OCS, which
are a recognized risk factor for the development of active
TB (26). This meta-analysis was therefore performed under
the hypothesis that ICS increase the risk of mycobacterium
in respiratory diseases.

Overall, we can find that ICS could increase a risk
of mycobacterium or TB in all patients with chronic
respiratory diseases. The mechanism behind any association
between ICS use and increased mycobacterium risk remains
unclear. ICS could reduce local defences in peripheral
airway and may exert systemic effects through partial but
consistent systemic absorption. The structural abnormalities
of poorly controlled chronic airway disease with remodeling
may be a risk factor for mycobacterium infection. Clinicians
should realize this association and do their best to confirm
or exclude definitive mycobacterium infection.

Our meta-analysis reveals that patients with prior
pulmonary TB have a higher risk of mycobacterium on
ICS treatment. The result could provide a warming for
the patients with prior pulmonary TB. The main immune
protection mechanism of TB is cellular immunity and ICS
could decrease local immunity of lung (27). Therefore, ICS
could easily make the latent infection of mycobacterium
TB to reproduction for the patients with prior pulmonary
TB. For these patients, we can use less ICS or prevent it
earlier. In our study, we also find that patients with COPD
using ICS are at high risk for mycobacterium. While ICS
have a smaller therapeutic role in COPD than asthma,
patients are more at risk from side effects (28). This could
be due to several reasons: firstly, patients with COPD
usually use higher doses of ICS, and many side-effects are
dose-related; Secondly, patients with COPD are often
older and therefore may have several co-morbid conditions,
making them more susceptible to the potential side effects
of ICS, such as steroid bursts for COPD exacerbation;
Lastly, immune suppression may be involved in the link
between steroid use and increased risk of mycobacterium
among COPD patients (12). Furthermore even though the
guidelines points out those COPD patients of group C and
D with frequent COPD exacerbations are candidates for
ICS, many patients of group A and B were treated with ICS.

© Pioneer Bioscience Publishing Company. All rights reserved.
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Evidence-based guidelines have been released that support
a limited role for ICS in COPD treatment (29). There are
few studies examining this, and so further interventional
and/or observational studies are required to investigate
the relationship between ICS and mycobacterium risk in
patients with COPD.

There were two prior studies (15-16) showing high dose
ICS could increase the risk of TB. And our study also shows
a significant relationship between high dose ICS treatment
(>500 pg/day fluticasone) and the risk of mycobacterium.
Glucocorticoids can interfere with the division and
proliferation of lymphoid tissue under the action of
antigen, and blockade the accumulation of monocytes and
macrophages induced by sensitized T lymphocyte, and then
suppress the immunization. ICS can attenuate the local
and systemic immunity, as adverse effect is dose dependent
, therefore high dose can enlarge the effect which makes
it easily for the patients with high dose ICS to infect
mycobacterium. Adverse effects caused by higher doses can
be avoided by using combinations of different therapeutic
classes. If some patients cannot avoid to use long-term high
dose ICS, they should be considered to using an ICS with
less systemic activity such as ciclesonide.

Some limitations of this meta-analysis should be taken
into account. Firstly, this meta-analysis is limited to five
studies with 33,328 subjects. This sample size is not large
enough to provide decisional clinical evidence and is not well
balanced. Secondly, the studies were conducted in Asian,
North American and European populations only, therefore
our conclusions may only be applicable to these ethnic
groups. Finally, some relevant published and unpublished
studies with insufficient information or with null results were
excluded, which may have biased our results.

Conclusions

In conclusion, based on this meta-analysis, it can be
concluded that there was significant association between
ICS and mycobacterium susceptibility or TB when all
patients with chronic respiratory diseases were included.
Patients with COPD or prior pulmonary TB treated with
ICS or patients inhaling high dose corticosteriods are at
a highly increased risk of mycobacterium. More large-
scale, well designed, high quality studies are required to
validate our findings. More ethnicities and different types
of respiratory diseases should also be considered in future
studies.
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