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ABSTRACT Inhaled corticosteroid (ICS) use is associated with an increased risk of pneumonia. This
study was performed to determine if ICS use is associated with an increased risk of nontuberculous
mycobacterial pulmonary disease (NTM-PD) or tuberculosis (TB).

We conducted a population-based nested case–control study using linked laboratory and health
administrative databases in Ontario, Canada, including adults aged ⩾66 years with treated obstructive lung
disease (i.e. asthma, chronic obstructive pulmonary disease (COPD) or asthma–COPD overlap syndrome)
between 2001 and 2013. We estimated odds ratios comparing ICS use with nonuse among NTM-PD and
TB cases and controls using conditional logistic regression.

Among 417494 older adults with treated obstructive lung disease, we identified 2966 cases of NTM-PD
and 327 cases of TB. Current ICS use was associated with NTM-PD compared with nonuse (adjusted OR
(aOR) 1.86, 95% CI 1.60–2.15) and was statistically significant for fluticasone (aOR 2.09, 95% CI 1.80–
2.43), but not for budesonide (aOR 1.19, 95% CI 0.97–1.45). There was a strong dose–response
relationship between incident NTM-PD and cumulative ICS dose over 1 year. There was no significant
association between current ICS use and TB (aOR 1.43, 95% CI 0.95–2.16).

This study suggests that ICS use is associated with an increased risk of NTM-PD, but not TB.
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Introduction
Obstructive lung disease (OLD), comprising predominantly chronic obstructive pulmonary disease
(COPD) and asthma, is very common. In Ontario, Canada, the lifetime risk of COPD and asthma is 28%
and 35%, respectively [1, 2]. Inhaled corticosteroids (ICSs) are the mainstay of asthma therapy and are
often used in COPD [3, 4]. However, corticosteroids have inhibitory effects on innate and acquired
immune function, and oral corticosteroids increase the risk of systemic infection. ICSs are delivered
directly to the lungs and therefore ICSs might increase susceptibility to local (lung) infections. Indeed, ICS
use is associated with an increased risk of pneumonia in persons with COPD and asthma [5–11]. ICS use
also increases the risk of tuberculosis (TB), in both high- and low-burden regions [12, 13]. However, little
has been published examining the potential risk of nontuberculous mycobacterial pulmonary disease
(NTM-PD) infections associated with ICS use.

NTM-PD significantly impairs quality of life and is often difficult to treat [14, 15]. The pathogenesis of
NTM-PD remains incompletely understood, but COPD and asthma are risk factors [16–18]. It is unclear
whether the association between OLD and NTM-PD is due to structural and functional abnormalities of
the diseased lung, medications used to treat airways disease, both factors combined or other factors. Only
one prior study examined whether ICS use increases the risk of NTM-PD [16]. This case–control study
examined the risk of NTM-PD in persons with chronic respiratory disease, dividing them into ICS
nonusers, ICS ever-users and ICS current users, compared with matched population controls. The results
demonstrated an association (3.8-fold increased risk in persons with COPD); however, the numbers were
small (only 112 NTM-PD cases) and the authors did not control for OLD severity. The primary objective
of the present study was to determine if ICS use is associated with an increased risk of NTM-PD in
persons with OLD. Secondary objectives included characterising this risk by type and dose of ICS, type of
OLD, and determining whether ICS use is associated with an increased risk of TB.

Methods
Study population and setting
We conducted a population-based nested case–control study using linked laboratory and health
administrative databases. All registered residents of Ontario entered the study cohort on or after January 1,
2001, if they were aged ⩾66 years, had OLD (asthma, COPD or asthma–COPD overlap syndrome
(ACOS)) and filled one or more prescription(s) for OLD (any inhaled β-agonist, inhaled anticholinergic,
ICS, oral corticosteroid or methylxanthine) during the study period. Cohort patients were followed until
the earliest of emigration, death, loss to follow-up (no medical encounters or filled prescriptions within
12 months) or December 31, 2013.

Ontario is Canada’s most populous province, with 13.5 million residents in 2013, and has a single-payer
healthcare system providing universal access to medically necessary inpatient and outpatient services, and
prescription drugs to adults aged ⩾65 years. Ethics approvals were obtained from the appropriate
institutions.

Data sources
Health administrative data at the Institute for Clinical Evaluative Sciences (Toronto, ON, Canada) were
used to identify cohort patients with OLD, demographics [19], vital status, comorbidities [20–24] and
drug exposure (see supplementary material for details). Asthma and COPD were identified using validated
algorithms [25, 26], and ACOS was defined when a patient met criteria for both asthma and COPD (not
previously validated).

Mycobacterial infections were identified with Public Health Ontario’s (Toronto, ON, Canada) laboratory
information system, which captures ∼95% of NTM isolates and 100% of TB isolates in the province [27].
See supplementary material for mycobacterial culture methods.

Identification of cases and controls
Cases of NTM-PD were defined using microbiological criteria: two or more sputa culture positive for the
same NTM species within 2 years, or one bronchoscopy or lung biopsy or pleural specimen culture
positive (positive predictive value 69.5–90%) [28–32]. “Treated NTM-PD” was defined as NTM-PD with
prescription of two or more antibiotics (see supplementary material) used to treat NTM-PD for >90
consecutive days in the year following laboratory confirmation of NTM. Cases of TB were defined as any
culture positive for Mycobacterium tuberculosis complex organisms. We restricted NTM cases to
pulmonary NTM, but allowed TB involving any organ, assuming that latent TB could theoretically be
reactivated by ICS use, but extrapulmonary NTM would be very unlikely to result from ICS use. Patients
with NTM isolated after January 1, 1998 (earliest date available), but prior to cohort entry (n=479) were
not considered NTM cases, and patients with TB isolated after January 1, 1998, but within 18 months

https://doi.org/10.1183/13993003.00037-2017 2

RESPIRATORY INFECTIONS | S.K. BRODE ET AL.



before cohort entry (n=323) were not considered TB cases, in order to restrict our analyses to incident
mycobacterial cases.

The index date for cases was defined as 8 weeks prior to identification of the first positive mycobacterial
culture in the laboratory, to allow time for specimen collection, processing in the laboratory, and growth
and identification of the organism. Each case was matched to up to four controls from the study cohort on
index date according to age (±1 year), sex, year of cohort entry, type of OLD (asthma, COPD or ACOS)
and duration of OLD (±2 years). Controls were sampled with replacement and were assigned the index
date of their corresponding case patient.

Drug exposure definitions
The primary exposure was the use of ICS, described as a prescription filled for any of orally inhaled
beclomethasone, budesonide, ciclesonide, fluticasone propionate or momethasone, either alone or in
combination, and defined as current (end date of last filled ICS prescription ⩽30 days prior to index date),
prior (end date of last filled ICS prescription 31–365 days prior to index date) and no use (never use or
end date of last filled ICS prescription >365 days prior to index date).

Statistical analysis
We estimated odds ratios comparing ICS current and prior use with nonuse among NTM-PD cases and
controls using conditional logistic regression and adjusted for covariates potentially associated with
NTM-PD [15, 17, 33], and surrogates of OLD severity and exacerbations (use of OLD medications within
1 year prior to index date, time since last hospitalisation for OLD, spirometry measured within 5 years
prior to index date and use of home oxygen). The same analyses were performed among TB cases and
controls, with the addition of prior NTM-PD as a covariate. See supplementary material for list of
covariates included in adjusted analyses.

Pre-planned secondary analyses included stratification of exposure by type of ICS among current users, a
dose–response analysis using 1-year beclomethasone equivalent [3] cumulative ICS exposure prior to the
index date divided into tertiles (low, moderate and high), a subgroup analysis based on type of OLD,
analyses restricted to treated NTM-PD cases and their respective controls, and sensitivity analyses with lag
times of 2, 4 and 12 months prior to the index date, during which time exposures to ICSs were excluded,
in an attempt to detect possible protopathic bias. We also examined the distribution of NTM species
causing NTM-PD in this cohort and whether association with ICS use varied by species, and we
calculated the number of patients needed to be treated with ICSs for one additional patient to be harmed
(NNTH; see supplementary material for calculation) [34]. All analyses were performed using SAS
Enterprise Guide version 6.2 (SAS Institute, Cary, NC, USA). All tests were two-tailed with the type I
error (α) rate set at 5%.

Results
There were 574271 Ontarians aged ⩾66 years with OLD during the study period (figure 1). A total of
156777 were deemed ineligible and therefore excluded, leaving 417494 patients with treated OLD in the
cohort. Within this cohort, we identified 2966 cases of NTM-PD, who were matched to 11851 controls.
NTM-PD patients (cases) were less likely to live in a rural setting, or to have diabetes or chronic kidney
disease, and more likely to have bronchiectasis, interstitial lung disease or prior TB than control patients
(table 1). NTM-PD patients also had a higher overall comorbidity score, and were more likely than
controls to have been hospitalised recently for OLD, undergone spirometry, used home oxygen, used OLD
medications and used immunosuppressant medications (table 1).

Within the same study cohort, we identified 327 cases of TB, who were matched to 1308 controls. Baseline
characteristics for TB cases and the matched controls are provided in the supplementary material.

Current ICS use was associated with a significantly increased risk of NTM-PD compared with nonuse
(crude OR (cOR) 2.87, 95% CI 2.59–3.19; adjusted OR (aOR) 1.86, 95% CI 1.60–2.15) (table 2); NNTH
1775 year–1. Prior ICS use was significantly associated with NTM-PD in the unadjusted analysis, but not
after adjustment.

The association between NTM-PD and ICS current use was statistically significant for fluticasone (aOR
2.09, 95% CI 1.80–2.43), but not for budesonide (aOR 1.19, 95% CI 0.97–1.45) or “other” ICSs (aOR 1.29,
95% CI 0.86–1.93) (table 2). To explore whether there was a differential risk between fluticasone and
budesonide, we ran two post hoc adjusted analyses. 1) We changed the reference group to current
budesonide users and found that current fluticasone use was associated with a significantly increased risk
of NTM-PD compared with current budesonide use (aOR 1.76, 95% CI 1.50–2.07; p<0.001). 2) We
divided current users of fluticasone and budesonide into those exposed to low, moderate or high mean
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daily dose (based on beclomethasone equivalents) [3], in order to account for the higher potency of
fluticasone. With high-dose budesonide users as the reference group, we found that current use of low-,
moderate- or high-dose fluticasone was associated with increased risk of NTM-PD: low-dose fluticasone
aOR 1.74 (95% CI 1.26–2.42; p<0.001), moderate-dose fluticasone aOR 1.82 (95% CI 1.35–2.45; p<0.001)
and high-dose fluticasone aOR 1.89 (95% CI 1.40–2.53; p<0.001).

A concordant dose–response relationship was evident between incident NTM-PD and cumulative ICS
exposure over 1 year (table 2 and figure 2).

The association between NTM-PD and current ICS use was statistically significant for patients with COPD
only (asthma absent, aOR 1.96, 95% CI 1.62–2.36) and for patients with ACOS (aOR 1.74, 95% CI 1.32–
2.28), but was not statistically significant for patients with asthma only (COPD absent, aOR 1.56, 95% CI
0.93–2.62) (table 2). However, an interaction analysis did not detect a statistically significant difference in
risk between individuals with asthma, COPD or ACOS (p=0.21). Therefore, the association between ICS
use and NTM-PD in the asthma-only subgroup may be nonsignificant due to low power.

The association between current ICS use and NTM-PD was statistically significant when we studied only
cases of NTM-PD who received antimicrobial treatment in the year following the index date (aOR 1.65,
95% CI 1.07–2.56) (table 3).

The species causing NTM-PD in our cohort were primarily MAC (63.3% of all NTM-PD cases) and
Mycobacterium xenopi (27.3%) (table 4). The association with ICS use did not differ significantly between
these two species (p-value for z-test comparing the aORs=0.61).

Current ICS use was associated with a significantly increased risk of TB in the crude analysis (cOR 1.47,
95% CI 1.10–1.96), but not in the adjusted analysis (aOR 1.43, 95% CI 0.95–2.16) (table 5).

Introducing lag times of 2, 4 and 12 months attenuated the magnitude of the association between current
ICS use and NTM-PD slightly, but statistically significant associations persisted (aOR with 2-month lag
time 1.58, 95% CI 1.37–1.81; aOR with 4-month lag time 1.57, 95% CI 1.37–1.80; aOR with 12-month lag
time 1.68, 95% CI 1.48–1.90).

Discussion
In our population-based study of adults aged ⩾66 years with treated OLD, current ICS use was associated
with significantly increased risk of NTM-PD compared with nonuse. We observed a strong dose–response
relationship between NTM-PD and cumulative ICS exposure over 1 year. The association between ICS use
and NTM-PD was only found with fluticasone. Importantly, the association between ICS use and NTM-PD
cases requiring antibiotic treatment implies that ICS use increases the risk of clinically significant NTM-PD.

Ontario seniors (≥66 years) with asthma/ACOS/COPD

(n=574 271)

(asthma n=127 140, ACOS n=77 040, COPD n=370 091)

Cohort: seniors with treated asthma/ACOS/COPD

(n=417 494)

(asthma n=83 056, ACOS n=68 383, COPD n=266 055)

n=11 851

NTM-PD controls

n=2966

NTM-PD cases

n=1308

TB controls

n=327

TB cases

Excluded from cohort:

  Non-Ontario postal code n=2402

  Not OHIP eligible n=11 364

  Death prior to cohort entry date n=19 635

  No medication for OLD n=123 376

FIGURE 1 Study population. ACOS: asthma–COPD overlap syndrome; COPD: chronic obstructive pulmonary
disease; OHIP: Ontario Health Insurance Plan; OLD: obstructive lung disease; NTM-PD: nontuberculous
mycobacterial pulmonary disease; TB: tuberculosis.
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Few studies have examined the association between ICS use and NTM-PD. A Danish case–control study
included an ICS analysis that was limited to northern Denmark, with 112 cases (NTM-PD patients),
comprising 54 with COPD, 10 with asthma and 48 without OLD. The investigators calculated odds ratios of
NTM-PD according to the presence of various types of lung disease and the additional effect of ICSs [16].

TABLE 1 Baseline characteristics on the index date for nontuberculous mycobacterial
pulmonary disease (NTM-PD) cases and matched controls

NTM-PD cases Controls p-value

Subjects 2966 11851
Female 1341 (45.2) 5360 (45.2) 0.99
Age 76.6±6.36 76.6±6.35 0.943
Income quintile 0.893
1 (lowest) 760 (25.6) 2939 (24.8)
2 688 (23.2) 2617 (22.1)
3 523 (17.6) 2254 (19.0)
4 470 (15.8) 2104 (17.8)
5 (highest) 517 (17.4) 1868 (15.8)
Missing 8 (0.3) 69 (0.6)

Rural residency# 76 (2.6) 1472 (12.4) <0.001
Suburban 267 (9.0) 3188 (26.9)
Urban 2623 (88.4) 7191 (60.7)
ADGs 10.5±3.71 9.83±3.96 <0.001
Comorbidities
Bronchiectasis 483 (16.3) 559 (4.7) <0.001
Chronic kidney disease 297 (10.0) 1444 (12.2) 0.001
Diabetes mellitus 723 (24.4) 3608 (30.4) <0.001
GORD 704 (23.7) 2818 (23.8) 0.961
HIV¶ ⩽5 ⩽5 0.264
Interstitial lung disease 277 (9.3) 504 (4.3) <0.001
Rheumatoid arthritis 121 (4.1) 412 (3.5) 0.115

Prior TB 22 (0.7) 8 (0.1) <0.001
Last COPD hospitalisation <0.001
<6 months 281 (9.5) 1143 (7.7)
6 months–5 years 661 (22.3) 3131 (21.1)
>5 years or never 2024 (68.2) 10543 (71.2)

Last asthma hospitalisation 0.017
<6 months 25 (0.8) 75 (0.3)
6 months–5 years 98 (3.3) 461 (3.1)
>5 years or never 2843 (95.9) 14281 (96.4)

Spirometry within 5 years 2369 (79.9) 6649 (56.1) <0.001
Prior/current home oxygen therapy 303 (10.2) 959 (8.1) <0.001
OLD drug exposure within 1 year
SABA 1977 (66.7) 7314 (61.7) <0.001
LABA+ 1828 (61.6) 4949 (41.8) <0.001
SAMA 928 (31.3) 3132 (26.4) <0.001
LAMA 1348 (45.4) 4006 (33.8) <0.001
Methylxanthine 301 (10.1) 597 (5.0) <0.001
Oral corticosteroid 990 (33.4) 2807 (23.7) <0.001

Other drug exposure within 1 year
TNF-α antagonist 6 (0.2) 17 (0.1) 0.467
Other immunosuppressant§ 149 (5.0) 343 (2.9) <0.001
PPI 1102 (37.2) 4335 (36.6) 0.561

Data are presented as n, n (%) or mean±SD, unless otherwise stated. ADGs: aggregated diagnostic groups
(a general measure of comorbidity [24]); GORD: gastro-oesophageal reflux disease; TB: tuberculosis;
COPD: chronic obstructive pulmonary disease; OLD: obstructive lung disease; SABA: short-acting
β-agonist; LABA: long-acting β-agonist; SAMA: short-acting antimuscarinic agent; LAMA: long-acting
antimuscarinic agent; TNF: tumour necrosis factor; PPI: proton pump inhibitor. #: based on Rural Index for
Ontario, a measure of rurality designed for Ontario [19]. ¶: values are suppressed to prevent the disclosure
of cell sizes smaller than six in accordance with contractual obligations to our data partners. +: includes
LABA in a combination inhaler with inhaled corticosteroids or alone. §: includes methotrexate, leflunomide,
azathioprine, cyclophosphamide, sulfasalazine, hydroxychloroquine, gold, cyclosporine, penicillamine,
chloroquine, chlorambucil, mycophenolate mofetil, auronafin; does not include corticosteroids.
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Direct comparison with our results is difficult due to methodological differences, but some similarities
are apparent. They found that compared with the absence of COPD, the presence of COPD without
ICS use had an associated aOR for NTM-PD of 7.6 (95% CI 3.4–16.8), while the presence of COPD
with current ICS use had an associated aOR for NTM-PD of 29.1 (95% CI 13.3–63.8). The inclusion
of current ICS use increased the aOR estimate 3.8-fold. Like us, they also found a dose–response
relationship, a greater association with fluticasone than budesonide and no significant association in a
subgroup of asthma patients. The major difference between our findings and theirs relates to the
magnitude of the risk estimates, which appear greater with their study (in the COPD subgroup, aOR 3.8 in

TABLE 2 Odds ratios for nontuberculous mycobacterial pulmonary disease (NTM-PD) according to inhaled corticosteroid (ICS)
exposure

NTM-PD cases# Controls¶ Crude OR (95% CI) p-value Adjusted OR+ (95% CI) p-value

All OLD
No ICS use 592 (20.0) 4175 (35.2) 1.0 (reference) 1.0 (reference)
Prior ICS use 469 (15.8) 2647 (22.3) 1.30 (1.14–1.48) 0.001 0.94 (0.80–1.11) 0.465
Current ICS use 1905 (64.2) 5029 (42.4) 2.87 (2.59–3.19) <0.001 1.86 (1.60–2.15) <0.001
Fluticasone 1576 (53.1) 3779 (31.9) 3.18 (2.85–3.54) <0.001 2.09 (1.80–2.43) <0.001
Budesonide 291 (9.8) 1070 (9.0) 2.05 (1.75–2.40) <0.001 1.19 (0.97–1.45) 0.089
Other ICS¶ 38 (1.28) 180 (1.5) 1.59 (1.11–2.28) 0.012 1.29 (0.86–1.93) 0.223

ICS cumulative dose in 1 year
No use 592 (20.0) 4175 (35.2) 1.0 (reference) 1.0 (reference)
Low dose 546 (18.4) 2769 (23.4) 1.43 (1.26–1.63) <0.001 1.06 (0.90–1.24) 0.486
Moderate dose 781 (26.3) 2615 (22.1) 2.27 (2.01–2.56) <0.001 1.48 (1.27–1.74) <0.001
High dose 1047 (35.3) 2292 (19.3) 3.58 (3.17–4.03) <0.001 2.28 (1.94–2.68) <0.001

Asthma only 219 872
No ICS use 81 (37.0) 398 (45.6) 1.0 (reference) 1.0 (reference)
Prior ICS use 55 (25.1) 236 (27.1) 1.18 (0.80–1.74) 0.406 1.23 (0.74–2.03) 0.428
Current ICS use 83 (37.9) 238 (27.3) 1.76 (1.23–2.51) 0.002 1.56 (0.93–2.62) 0.095

ACOS 910 3633
No ICS use 146 (16.0) 1033 (28.4) 1.0 (reference) 1.0 (reference)
Prior ICS use 135 (14.8) 837 (23.0) 1.16 (0.90–1.48) 0.261 0.83 (0.61–1.12) 0.228
Current ICS use 629 (69.1) 1763 (48.5) 2.60 (2.13–3.18) <0.001 1.74 (1.32–2.28) <0.001

COPD only 1837 7346
No ICS use 365 (19.9) 2744 (37.3) 1.0 (reference) 1.0 (reference)
Prior ICS use 279 (15.2) 1574 (21.4) 1.40 (1.18–1.65) <0.001 0.98 (0.79–1.20) 0.827
Current ICS use 1193 (64.9) 3028 (41.2) 3.20 (2.79–3.66) <0.001 1.96 (1.62–2.36) <0.001

Data are presented as n (%), unless otherwise stated. OLD: obstructive lung disease; ACOS: asthma–COPD overlap syndrome; COPD: chronic
obstructive pulmonary disease. #: n=2966. ¶: n=11851. +: adjusted for income, rurality, aggregated diagnostic groups, comorbidities
(bronchiectasis, chronic kidney disease, gastro-oesophageal reflux disease, HIV, interstitial lung disease, rheumatoid arthritis), prior
tuberculosis, medication use (immunosuppressants (includes methotrexate, leflunomide, azathioprine, cyclophosphamide, sulfasalazine,
hydroxychloroquine, gold, cyclosporine, penicillamine, chloroquine, chlorambucil, mycophenolate mofetil, auronafin; does not include
corticosteroids), proton pump inhibitors), and surrogates of severity of OLD and exacerbations of OLD (medications for OLD (any inhaled
β-agonist, inhaled anticholinergic, oral corticosteroid or methylxanthine), hospitalisation for OLD, spirometry, home oxygen use).

Moderate-dose ICS

Low-dose ICS

High-dose ICS

0.5

OR for NTM-PD

1.0 2.0 3.0

FIGURE 2 Odds ratios (95% CIs) for nontuberculous mycobacterial pulmonary disease (NTM-PD) by tertiles of
cumulative inhaled corticosteroid (ICS) dose in the year prior to index date, compared with no ICS use.

https://doi.org/10.1183/13993003.00037-2017 6

RESPIRATORY INFECTIONS | S.K. BRODE ET AL.



their study versus aOR 1.96 (95% CI 1.62–2.36) in ours). This discrepancy may be due to differing
definitions of NTM-PD (they required three sputa culture positive, rather than two), differing definitions
of current and no ICS exposure (they defined current exposure as any exposure in the preceding 6 months
and nonuse as never used), and differences in covariates (we included markers of OLD severity/
exacerbations in the multivariable analysis, which may have attenuated the risk). Nonetheless, our much
larger study confirms their findings and our inclusion of markers of OLD severity/exacerbations suggests
that this association is unlikely confounded by severity of OLD. Additionally, our finding of a significant
association between ICS use and antibiotic-treated NTM-PD suggests that ICS use increases the risk of
clinically important NTM-PD.

HOJO et al. [35] performed a single-institution nested case–control study in patients with asthma and
found that cases of NTM-PD received a higher daily dose of ICS (650±257 μg of fluticasone propionate
equivalent) than controls (358±273 μg) (p<0.01) for a longer duration (8.2±4.8 versus 5.3±4.9 years;
p<0.01). These findings are consistent with our finding of a strong dose–response relationship between
cumulative ICS exposure over 1 year and NTM-PD.

We did not find a significant association between ICS use and TB. In contrast, a similar nested case–
control study using health administrative data in Quebec, Canada, found a significant association between
current ICS use (30 days prior to index) and TB (relative risk 1.33, 95% CI 1.04–1.71) [13]. Our risk
estimate (aOR 1.43, 95% CI 0.95–2.16) is similar to theirs; however, with fewer TB cases (327 versus 564)
we suspect we lacked power to detect a significant association. Another study, based on data from one
hospital in South Korea, employed a cohort design and found significant associations between ICS use and
TB in patients with a normal chest radiograph (hazard ratio 9.1, 95% CI 1.21–81) and in patients with
radiological features of old TB (hazard ratio 24.9, 95% CI 3.1–201) [12].

TABLE 3 Odds ratios for treated nontuberculous mycobacterial pulmonary disease (NTM-PD)# according to inhaled
corticosteroid (ICS) exposure

Treated NTM-PD cases¶ Controls+ Crude OR (95% CI) p-value Adjusted OR§ (95% CI) p-value

No ICS use 77 (19.4) 504 (31.7) 1.00 (reference) 1.00 (reference)
Prior ICS use 65 (16.3) 353 (22.2) 1.25 (0.87–1.79) 0.234 1.13 (0.72–1.78) 0.605
Current ICS use 256 (64.3) 735 (46.2) 2.39 (1.79–3.19) <0.001 1.65 (1.07–2.56) 0.024

Data are presented as n (%), unless otherwise stated. #: defined as persons who met criteria for NTM-PD and were also prescribed at least
two antibiotics used to treat NTM-PD (see supplementary material for list of antibiotics) for >90 days in the year following laboratory
confirmation of NTM. ¶: n=398. +: n=1592. §: adjusted for income, rurality, aggregated diagnostic groups, comorbidities (bronchiectasis, chronic
kidney disease, gastro-oesophageal reflux disease, HIV, interstitial lung disease, rheumatoid arthritis), prior tuberculosis, medication use
(immunosuppressants (includes methotrexate, leflunomide, azathioprine, cyclophosphamide, sulfasalazine, hydroxychloroquine, gold,
cyclosporine, penicillamine, chloroquine, chlorambucil, mycophenolate mofetil, auronafin; does not include corticosteroids), proton pump
inhibitors) and surrogates of severity of obstructive lung disease (OLD) (medications for OLD (any inhaled β-agonist, inhaled anticholinergic,
oral corticosteroid or methylxanthine), hospitalisation for OLD, spirometry, home oxygen use).

TABLE 4 Distribution of nontuberculous mycobacterial species causing pulmonary disease
(NTM-PD) and odds ratios comparing current inhaled corticosteroid (ICS) use with no ICS use

NTM-PD cases# Controls¶ Adjusted OR+ (95% CI) p-value

MAC 1877 (63.3) 7495 1.87 (1.55–2.55) <0.001
Mycobacterium xenopi 811 (27.3) 3244 2.04 (1.54–2.70) <0.001
Other NTM 278 (9.4) 1112 1.55 (0.95–2.52) 0.077

Data are presented as n (%), unless otherwise stated. MAC: Mycobacterium avium complex comprised of
Mycobacterium avium and Mycobacterium intracellulare. #: n=2966. ¶: n=11851. +: adjusted odds ratio
comparing current ICS use with no ICS use; adjusted for income, rurality, aggregated diagnostic groups,
comorbidities (bronchiectasis, chronic kidney disease, gastro-oesophageal reflux disease, HIV, interstitial
lung disease, rheumatoid arthritis), prior tuberculosis, medication use (immunosuppressants (includes
methotrexate, leflunomide, azathioprine, cyclophosphamide, sulfasalazine, hydroxychloroquine, gold,
cyclosporine, penicillamine, chloroquine, chlorambucil, mycophenolate mofetil, auronafin; does not include
corticosteroids), proton pump inhibitors), and surrogates of severity of OLD and exacerbations of
obstructive lung disease (OLD) (medications for OLD (any inhaled β-agonist, inhaled anticholinergic, oral
corticosteroid or methylxanthine), hospitalisation for OLD, spirometry, home oxygen use).
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Multiple prior studies have demonstrated an increased risk of pneumonia associated with ICS use in
persons with COPD [5–10]. Fluticasone is associated with a greater risk of pneumonia than budesonide,
although data are conflicting regarding whether this difference remains significant when examining only
serious pneumonias [7, 10]. Similar to the pneumonia data, we found that fluticasone had a significantly
greater risk of NTM-PD than budesonide, which did not pose a significant risk of NTM-PD after
adjustment. The differential risk of lung infection posed by fluticasone and budesonide is likely due to
differences in pharmacokinetic and pharmacodynamic properties [7]. Fluticasone has a greater effect on
glucocorticoid receptors, is more lipophilic and has a longer half-life than budesonide [36]. These
properties increase fluticasone’s pulmonary anti-inflammatory effects relative to budesonide, but may also
increase the potential for pulmonary immunosuppression.

The significant association between ICS and NTM-PD after adjustment for severity of OLD, the
differential risk of NTM-PD posed by fluticasone and budesonide (and consistency with pneumonia
studies), and the strong dose–response relationship between cumulative ICS exposure and incident
NTM-PD all suggest a causal relationship between ICS and NTM-PD. ICS is likely one casual factor in a
multifactorial pathway that leads to NTM-PD in patients with OLD, with structural lung damage
(emphysema and bronchiectasis) and decreased mucociliary clearance likely also contributing. There is
scientific rationale for a causal relationship between ICSs and lung infection; inhaled fluticasone impairs
pulmonary macrophage cytokine production and nitric oxide synthesis, and impedes intracellular
pathogen control in mice [37]. Additionally, ICSs reduce frequencies of mucosal-associated invariant T
(MAIT)-cells in blood and bronchial tissue of patients with COPD [38]. MAIT-cells contribute to
protection against mycobacterial infections [39, 40], and are numerically and functionally deficient in
patients with NTM [41].

Strengths of our study include the large number of NTM-PD cases and the adjustment for multiple
possible confounders, including surrogates for OLD severity. One limitation is that we only included
people aged ⩾66 years. Additionally, we did not have data on lung function (e.g. forced expiratory volume
in 1 s) or the extent of emphysema, so residual confounding by severity of lung disease may persist. Also,
we defined NTM-PD and TB cases microbiologically. Microbiological-based outcome definitions have
100% positive predictive value for TB, but imperfect sensitivity (55–79%) [32]. Our microbiological-based
NTM-PD definition, based upon the American Thoracic Society/Infectious Diseases Society of America
microbiological criteria for NTM-PD, has shown good positive predictive value (69.5–90% for all NTM
species (±Mycobacterium gordonae) [28–31] and 89.8% for MAC [42], the majority of our cases), but
likely misclassified some patients with NTM colonisation as having disease, potentially impacting the
validity of risk estimates.

Our findings contribute to the body of evidence informing clinicians on the safety of ICSs. We found that
ICS use increases the risk of NTM-PD; however, NTM-PD is still relatively rare. Our NNTH for NTM-PD
of 1775 year–1 is much higher than the NNTH of 20–33 year–1 for pneumonia in COPD patients [43].
However, our NNTH includes all adults aged ⩾66 years with treated OLD and ICSs of any formulation or
dose. The NNTH may be significantly lower in COPD patients prescribed high-dose fluticasone.
Therefore, we believe the risk of NTM-PD should be considered when prescribing ICSs, especially since
NTM-PD is a chronic infection that is extremely difficult to treat. We think this is particularly relevant for
patients with COPD who may have other risk factors for NTM-PD (i.e. bronchiectasis, emphysema or
prior sputum positive for NTM) and/or in whom the potential benefits of ICS are unclear (e.g. a patient
with infrequent exacerbations).

TABLE 5 Odds ratios for tuberculosis (TB) according to inhaled corticosteroid (ICS) exposure

TB cases# Controls¶ Crude OR (95% CI) p-value Adjusted OR+ (95% CI) p-value

No ICS use 107 (32.7) 497 (38.0) 1.00 (reference) 1.00 (reference)
Prior ICS use 66 (20.2) 310 (23.7) 1.00 (0.71–1.42) 0.989 0.89 (0.58–1.37) 0.603
Current ICS use 154 (47.1) 501 (38.3) 1.47 (1.10–1.96) 0.009 1.43 (0.95–2.16) 0.090

Data are presented as n (%), unless otherwise stated. #: n=327. ¶: n=1308. +: adjusted for income, rurality, aggregated diagnostic groups,
comorbidities (bronchiectasis, chronic kidney disease, gastro-oesophageal reflux disease, HIV, interstitial lung disease, rheumatoid arthritis),
prior tuberculosis, prior nontuberculous mycobacterial pulmonary disease, medication use (immunosuppressants (includes methotrexate,
leflunomide, azathioprine, cyclophosphamide, sulfasalazine, hydroxychloroquine, gold, cyclosporine, penicillamine, chloroquine, chlorambucil,
mycophenolate mofetil, auronafin; does not include corticosteroids), proton pump inhibitors), and surrogates of severity of obstructive lung
disease (OLD) (medications for OLD (any inhaled β-agonist, inhaled anticholinergic, oral corticosteroid, or methylxanthine), hospitalisation for
OLD, spirometry, home oxygen use).
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To conclude, in persons with OLD, ICS use is associated with an increased risk of NTM-PD. Clinicians
should consider this risk when prescribing ICSs to patients with OLD and if they are needed, strive to use
the lowest effective dose. Future research comparing differential risks associated with different ICS types
may be helpful.
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