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ABSTRACT

PURPOSE WWe aimed to assess long-term inhaled corticosteroid (ICS) risks in chronic obstruc-
tive pulmonary disease (COPD) management.

METHODS We extracted electronic health record data for individuals aged > 45 years with
COPD from a data repository. The prevalent cohort required a diagnosis of COPD any time
during the observation period, and the inception cohort required a diagnosis of COPD made
after entry into the database. A composite outcome of any new diagnosis of type 2 diabetes,
cataracts, pneumonia, osteoporosis, or nontraumatic fracture; and recurrent event outcomes
of repeated pneumonia or nontraumatic fracture were compared for long-term (> 24
months) vs short-term (<4 months) ICS exposure.

RESULTS We assessed outcomes for 318,385 and 209,062 individuals in the prevalent

and inception cohorts, respectively. The composite dichotomous outcome was significantly
greater for long-term vs short-term ICS use for the prevalent (hazard ratio [HR] = 2.65; 95%
Cl, 2.62-2.68; P <.001) and inception (HR = 2.60; 95% (I, 2.56-2.64; P <.001) cohorts.
For the inception cohort, the absolute risk difference of the composite outcome was 20.26%
(29.41% minus 9.15%), with a number needed to harm of 5. Hazard ratios were signifi-
cantly increased in the prevalent and inception cohorts for recurrent pneumonia (HR = 2.88;
95% (I, 2.62-3.16; P <.001 and HR = 2.85; 95% (I, 2.53-3.22; P <.001, respectively)
and recurrent fracture (HR = 1.77; 95% Cl, 1.42-2.21; P <.001 and HR = 1.57; 95% (I,
1.20-2.06; P <.001).

CONCLUSIONS Long-term ICS use for COPD is associated with significantly greater rates of
the composite outcome of type 2 diabetes, cataracts, pneumonia, osteoporosis, and nontrau-
matic fracture; recurrent pneumonia; and recurrent fracture.

Ann Fam Med 2025;23:127-135. https://doi.org/10.1370/afm.240030

INTRODUCTION

hronic obstructive pulmonary disease (COPD) is the sixth leading cause
of death in the United States and the fourth worldwide as of 2024."> More
than 16 million people in the United States have been diagnosed with
COPD.? Current recommendations for COPD pharmacotherapy” list inhaled long-
acting bronchodilators as first-line maintenance therapy, with preference for long-
acting muscarinic antagonists (LAMAs) alone or in combination with long-acting
beta-adrenoceptor agonists (LABAs).>” Yet, the most commonly used first-line
COPD maintenance therapy is the combination of an inhaled corticosteroid (ICS)
with a LABA 810
Use of an ICS is only considered first-line therapy for people with COPD who
also have concomitant asthma or asthma-like features, termed asthma/COPD over-
lap (ACOQ), or have high total eosinophil counts." Fewer than 25% of those with
a COPD diagnosis also have asthma or ACO." For COPD without ACO, an ICS
is indicated for the prevention of frequent moderate to severe exacerbations not
responsive to other treatments for individuals with high blood eosinophil counts.®'?!3
Thus, many individuals with COPD are regularly using an ICS, which might not
be indicated or recommended for their level of COPD.* For this group, the risks of
long-term ICS therapy'*'” must be balanced with the limited benefits of ICS.
Long-term risks of >2 years of ICS exposure include increased risks of osteo-

17,20,21

porosis and fractures,'”!'” hyperglycemia and new-onset diabetes, cataract
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Figure 1. STROBE Diagram
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91,482 Patients excluded:
Alpha-1 antitrypsin deficiency
HIV
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Cancer
Biologics
Missing year of birth
Missing index date
Last record date before Jan 1, 2011

391,863 Patients included

Y

73,478 Patients
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diagnosis of asthma

Y
318,385 Patients
in prevalent cohort

124,522 Patients excluded with a
_ | diagnosis of COPD at time of entry

58,279 Patients excluded with a
diagnosis of asthma

Y
209,062 Patients
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COPD = chronic obstructive pulmonary disease; ICS = inhaled corticosteroid; LABA = long-acting beta-adrenoceptor agonist; LAMA = long-acting muscarinic antagonist; SABA = short-acting beta-
adrenoceptor agonist; SAMA = short-acting muscarinic antagonist; STROBE = Strengthening the Reporting of Observational Studies in Epidemiology.
2 Categories not mutually exclusive; 1 patient can be listed in > 1 medication category.
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2324 and rare episodes

formation and glaucoma,?? pneumonia,
of adrenal insufficiency.?** Few studies have evaluated
long-term ICS risks in US populations of individuals with
COPD. Here, we used electronic health record (EHR) data

to examine long-term ICS exposure risks in a large cohort of

patients with COPD.

METHODS

We combined the DARTNet Practice Performance Registry?*
and subsets of previous research study cohorts to create a
database of EHR data standardized to the Observational
Medical Outcomes Partnership Common Data Model
(https://www.ohdsi.org/data-standardization). The resultant

database included more than 20 million individuals with a
look-back period of up to 12 years. We extracted a subset of
EHR data from individuals >45 years of age with a diagno-
sis of COPD (see Supplemental Table 1 for full code list).

Data elements included demographic characteristics, medical

encounters, conditions, medications, and selected measure-
ments and procedures. The original COPD cohort and subse-
quent data cleaning steps are shown in Figure 1.

Inclusion

The final cohorts used for analysis consisted of a prevalent
cohort, which included all individuals with a database diag-
nosis of COPD at any time during the observation period
including at entry into the database, and an inception cohort,
in which a first diagnosis of COPD was recorded after >6
months or 2 documented visits in the database. For both
cohorts, a diagnosis of COPD required >2 visits >30 days
apart, with diagnosis codes indicating COPD/chronic bron-
chitis or COPD exacerbation, or 1 visit and 1 prescription for
COPD maintenance or rescue therapy, or 1 hospitalization for
COPD. For all individuals in both cohorts and all study out-
comes, the time period for the end of analysis was the latest
date in the database of some indication of an interaction with
the health system (eg, a visit, laboratory test, telephone call,
refill, or procedure). Thus, all individuals were alive at the end
of their analytical time period. No death data were used.

Exclusion

Individuals were excluded from analysis if they had at any
time a diagnosis of (1) tuberculosis or nontuberculous myco-
bacteria; (2) idiopathic lung disease/fibrosis/alpha-1 anti-
trypsin deficiency; or (3) HIV/AIDS. Individuals were also
excluded if there was any evidence of active treatment for
any malignancy other than basal or squamous cell skin can-
cer, use of biologic treatment for any long-term or chronic
condition, and long-term use of oral steroids (daily or every
other day use for >3 consecutive months). Primary analyses
also excluded individuals with a concomitant diagnosis of
asthma; COPD inception and prevalent cohorts with con-
comitant diagnoses of asthma were evaluated as a sensitiv-
ity analysis.

Inhaled Corticosteroid Exposure

Inhaled corticosteroid exposure was categorized into the
following 3 groups: (1) ICS alone or plus any combination

of LAMA, LABA, short-acting beta-adrenoceptor agonist or
short-acting muscarinic antagonist for >24 months (long-term
exposure); (2) ICS alone or any above combination for 4-23
months (intermediate-term exposure); (3) ICS alone or any
above combination for <4 months (short-term ICS exposure).
Exposure to phosphodiesterase-4 inhibitor or maintenance
antibiotics (typically azithromycin) was allowed in any

group. Intermediate-term results are shown in Supplemental
Tables 2 and 3.

Outcomes

The primary outcomes were (1) a single event composite
outcome of a new diagnosis of type 2 diabetes, cataracts,
pneumonia, osteoporosis, or nontraumatic fracture; and (2)
recurrent event outcomes of repeated pneumonia or repeated
nontraumatic fracture, with comparisons made between the
short-term ICS group and the long-term ICS group. Sec-
ondary outcomes were univariate comparisons between all
groups. We examined each individual outcome independently
to ensure the correct directionality of the outcome between
the short-term ICS group and the long-term ICS group
before inclusion in the composite final outcome. Only cor-
rect directionality and not statistically significant differences
were required for inclusion of an outcome in the composite
primary outcome.

Type 2 diabetes was considered new if there was no prior
diagnosis within 6 months or within 2 encounters from entry
into the database plus any of the following: 2 diagnoses of
type 2 diabetes <18 months apart, a diagnosis of type 2 dia-
betes and treatment with a diabetes medication, a hemoglo-
bin A, level >6.4%, a fasting glucose level of >124 mg/dL,
or a random glucose level of >250 mg/dL.>” Pneumonia was
considered new if no pneumonia diagnosis was present in the
prior 6 months or 2 visits, or considered a repeat pneumonia
if diagnostic codes occurred 260 days apart from the initial
diagnosis. A new diagnosis of osteoporosis and a new-onset
nontraumatic fracture required the same 6-month or 2-visit
criteria before first diagnosis. Multiple nontraumatic frac-
tures were only considered new if they involved a different
bone than any previous fracture. Cataracts were considered a
single event and were included based on cataract diagnostic
or surgical procedure codes.

Analyses

To address nonrandom assignment of individuals to any of
the ICS exposure groups, we engaged in propensity match-
ing using genetic matching in R (R Project for Statistical
Computing) with the exact matching algorithm.?8?° Genetic
matching iteratively recalculates the propensity scores after
each match to determine the next best match. The following
covariates were used for propensity matching: sex, race, eth-
nicity, body mass index, smoking status, and Charlson-Deyo
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3031 Matching was performed with

score dichotomized at >2.
1:1, 2:1, and 3:1 groupings depending on the differences in
sizes of the cohort pairs to use as many individuals as pos-
sible in each analysis. All analyses were performed on these
propensity-matched cohorts. Results were also controlled for
age and systemic steroid use in the overall model.

We assessed descriptive statistics for the unmatched
cohorts and the matched cohorts. We completed univariate
analyses using proportion tests for all cohort pairs (secondary
outcome). Cox proportional hazards models were then run
between the 6 different cohort pairs, prevalent and inception
cohorts by short-term ICS exposure vs long-term exposure,
short-term ICS exposure vs intermediate-term exposure, and
intermediate-term exposure vs long-term exposure. We used
Andersen-Gill models for repeated outcomes. Univariate
analyses were run in R v4.3.1 (Beagle Scouts), and regressions
were completed in SAS 9.4 (SAS Institute). We conducted
sensitivity analyses for the prevalence and incidence cohorts
for those with a concomitant asthma diagnosis. We also
conducted sensitivity analyses for time to first event, total
exacerbations vs systemic steroid bursts (primarily used for
exacerbations), use of selected medications as a proxy for
a diagnosis of type 2 diabetes, and use of bisphosphonate
therapy as a proxy for a diagnosis of osteoporosis.

We selected an alpha level of .05 to determine signifi-
cance, with a Bonferroni adjustment for multiple comparisons,
statistical significance of .05/4 =0.0125. Given the large sam-
ple size for these analyses, absolute percentage differences
were also evaluated independently by 2 physician authors
(W.D.P. and B.PY)) for clinical significance. The number
needed to harm was calculated for the inception cohorts as
follows: 100 + (% of individuals in long-term cohort with >1
outcome minus % of individuals in short-term ICS group with
>1 outcome x 100).

RESULTS

Of the original 621,739 individuals with a COPD diagnosis

in the database, after removing those with 1 COPD diagnosis
with no prescribed medication, various respiratory comor-
bidities, and those with a diagnosis of asthma, 318,385 were
available for matching in the prevalent cohort and 209,062
were available in the inception cohort. Figure 1 shows the
Strengthening the Reporting of Observational Studies in
Epidemiology diagram and the effect of various cohort
requirements on the final analytic groups. The mean length of
follow-up data across the entire population was 3.9 (SD 3.1)
years. As expected, the matched subgroups were essentially
identical for all variables applied (Supplemental Table 2). The

demographic characteristics of the prevalent and inception
cohorts are listed in Table 1. There were no clinically mean-
ingful differences in age, sex, race, and ethnicity between the
groups. Charlson-Deyo scores were greater in the inception
vs prevalent cohort. Cohort demographic characteristics by
ICS duration group are listed in Table 2.

Table 3 presents the univariate frequency compari-
sons and analyses of individual primary outcomes. For the
prevalent cohort, all individual outcome frequencies were
significantly greater in the long-term vs short-term ICS
group. The inception cohort findings were similar. Based on
this, all individual outcomes were included in the final com-
posite outcome.

The composite dichotomous outcome was significantly
greater in the long-term ICS group vs the short-term ICS
group for both the prevalent (hazard ratio [HR]=2.65; 95%
ClI, 2.62-2.68; P <.001) and inception (HR=2.60; 95% CI,
2.56-2.64; P<.001) cohorts (Table 4). A sensitivity analysis of
time to event confirmed our primary analysis (Supplemental
Figure 1). The absolute risk difference of 29.41% of indi-
viduals having >1 of the outcome events for the inception
long-term ICS group compared with 9.15% for the inception
short-term ICS group translates to a number needed to harm
of 5. We performed a sensitivity analysis using all exacerba-
tions in place of only steroid-containing exacerbations (87.8%
of all exacerbations), with no change in the results. Sensitivity
analyses including a bisphosphonate prescription as part of
the osteoporosis phenotype did not change the results, nor
did including selected medications to treat type 2 diabetes as
part of that phenotype.

The HRs for the individual recurrent outcomes in the
prevalent cohort were significantly greater for the long-term
vs short-term [CS group for pneumonia (HR=2.88; 95% CI,
2.62-3.16; P <.001) and fracture (HR=1.77. 95% CI, 1.42-
2.21; P<.001), with similar results for the inception cohort
(pneumonia HR =2.85; 95% CI, 2.53-3.22; P<.001 and frac-
ture HR=1.57, 95% CI, 1.20-2.06; P <.001). The sensitivity
analyses that included those with an ever asthma diagnosis
were robust to this change.

The secondary outcomes of the composite dichotomous
comparison and the total number of pneumonia and fracture
events between the intermediate-term exposure groups in the
prevalent and inception cohorts and the long-term exposure
groups were also significantly different (P <.001 for all 4 com-
parisons) (Supplemental Table 4).

DISCUSSION

This study focused on the long-latency side effects of ICS in
individuals with COPD. Most of the side effects investigated
are well known to be increased with long-term systemic
steroids but have not been as well delineated for long-term
ICS use. The focus on individuals with COPD is particularly
important because ICS therapy is not first-line maintenance
therapy for this condition, yet it is often prescribed without
apparent indication. Composite and univariate assessments
indicate that longer-term ICS use significantly increases the
overall risk of the composite of the untoward outcomes as
well as each outcome individually. The combined side effects
occurred in an additional 20.26% of individuals on long-
term ICS therapy compared with those with COPD not on
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Table 1. Demographic Characteristics of Prevalent and Inception Cohorts

Prevalent Matched prevalent Inception Matched inception
Characteristic (n=318,385) (n=291,687) (n=209,062) (n=185,346)
Age, y (mean, SD) 68.5 (10.9) 68.5 (10.9) 68.7 (10.8) 68.7 (10.8)
Age, y (median) 68.0 68.0 69.0 69.0

Sex, No. (%)
Female
Male
Race, No. (%)
African American or Black
White
Other
Unknown
Ethnicity, No. (%)
Hispanic
Non-Hispanic
Unknown
Smoking status, No. (%)
Never smoker
Past smoker
Current smoker
Unknown
Body mass index, No. (%)
<20
20-29
30-34
>35
Missing
Charlson-Deyo Index score
(at index), No. (%)
<2
>2

52.5 (167,115)
47.5 (151,270)

6 (17,983)
62.6 (199,360)
0 (6,504)
29.7 (94,538)
3.3 (10,449)

64.4 (204,888)
32.4 (103,048)

10.7 (34,044)
32.5 (103,430)
24.0 (76,432)

32.8 (104,479)

2 (16,441)
27.3 (86,955)
10.6 (33,801)
10.1 (32,149)
46.8 (149,039)

76.3 (242,873)
23.7 (75.512)

52.9 (154,182)
47.1 (137,505)

0 (14,694)

61.8 (180,245)
8 (5,288)

31.4 (91,460)

2.9 (8,557)
63.6 (185,584)
33.4 (97,546)

10.6 (30,776)
32.1(93,545)
22.9 (66,674)
34.5 (100,692)

6 (13,417)
25.5 (74,383)
10.3 (29,925)
8 (28,490)
49.9 (145,472)

77.7 (226,760)
22.3 (64,927)

52.7 (110,137)
47.3 (98,925)

0 (12,482)
63.7 (133,164)
8 (3.775)
28.5 (59,641)
3.4 (7,057)

65.0 (135,972)
31.6 (66,033)

11.8 (24,661)
33.7 (70,469)
25.0 (52,331)
29.5 (61,601)

4 (11,366)
30.1 (63,026)
11.9 (24,799)
11.2 (23,509)
41.3 (86,362)

72.5 (151,637)
27.5 (57,425)

53.0 (98,293)
47.0 (87,053)

2 (9,632)
62.4 (115,681)
5 (2,789)
30.9 (57,244)
2.9 (5,401)

63.9 (118,443)
33.2 (61,502)

11.8 (21,906)
33.8 (62,615)
24.5 (45,325)
29.9 (55,500)

9 (9,095)
28.3 (52,478)
11.6 (21,463)
11.0 (20,445)

( )

44.2 (81,865

74.3 (137,748)
25.7 (47,598)

Select Charlson-Deyo comorbidities
(at index), No. (%)

Congestive heart failure 14.6 (46,420)
Peripheral vascular disease 11.2 (35,758)
Diabetes without complications 18 8 (59.827)
Cerebrovascular disease 5 (30,339)
Renal disease 11.3 (35,838)
Liver disease 8 (8,888)
Rheumatic disease 9 (15,663)
Dementia 4 (7,546)
Diabetes with complications 3 (7,208)
Peptic ulcer 3 (4,038)

14.1 (41,166) 15.7 (32,731) 15.0 (27,877)
10.5 (30,745) 13.0 (27,082) 12.1 (22,439)
18 4 (53,529) 21.3 (44,448) 20.7 (38,429)
8 (25,562) 11.4 (23,766) 10.4 (19,347)
10.7 (31,097) 13.5 (28,167) 12.7 (23,572)
6 (7,500) 3.2 (6,782) 9 (5,449)
7 (13,775) 5.5 (11,430) 2 (9,642)
3 (6,647) 2.6 (5,333) 5 (4,554)
2 (6,279) 3.1 (6,400) 9 (5,413)
2 (3,524) 1.6 (3,288) 5 (2,769)

long-term ICS therapy, yielding a number needed to harm of
5. These differences were considered clinically significant by
both physician authors who analyzed the data.

Our findings support and expand on previous studies indi-
cating that long-term (>24 months) use of ICS to treat COPD
increases the risk of type 2 diabetes, cataracts, pneumonia,
osteoporosis, and nontraumatic fractures.””23? Not all studies
have found similar results. Ng et al did not find an increased

risk of fracture in ICS users.?* That population was drawn from
a bone-mineral density registry: thus, all individuals were being
actively screened for osteoporosis, and 58.7% were on active
therapy for osteoporosis. Combined with a relatively small
sample size, the unique population could have led to the null
outcome. Flynn et al assessed a cohort of 4,305 people (3,243
exposed to ICS) and did not find associations with new-onset
diabetes or fractures.’* Mean exposure time was not reported.
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Table 2. Cohort Demographic Characteristics by ICS Duration Group (Matched)

Prevalent cohort
(n=291,687)

Inception cohort

(n = 185,346)

Sex, No. (%)
Female
Male

Charlson-Deyo Index score
(at index), No. (%)

<2

53.8 (36,268)
46.2 (31,180)

78.0 (52,596)

53.2 (29,222)
46.8 (25,756)

80.4 (44,217)
19.6 (10,761)

52.4 (88,692)
47.6 (80,569)

76.8 (129,947)
23.2 (39,314)

53.8 (26,261)
46.2 (22,545)

76.1 (37,128)
23.9 (11,678)

53.2 (18,646)
46.8 (16,393)

78.5 (27,507)
21.5 (7,532)

Long-term Intermediate-term Short-term Long-term Intermediate-term Short-term
ICS exposure ICS exposure ICS exposure ICS exposure ICS exposure ICS exposure
Cohort size 67,448 54,978 169,261 48,806 35,039 101,501
Age, y (mean, SD) 67.4 (10.2) 69.0 (10.8) 68.7 (11.2) 67.4 (10.2) 69.0 (10.8) 69.3 (11.1)
Age, y (median) 67.0 69.0 69.0 67.0 69.0 69.0

52.6 (53,386)
47.4 (48,115)

72.0 (73,113)
28.0 (28,388)

>2 22.0 (14,852)

ICS = inhaled corticosteroid.

(>60%)% as a result of ICS/LABA being the most common
maintenance therapy. Perhaps foremost, there appears to be

a perceived low side-effect burden of corticosteroids used

in this fashion. Given that only short-term side effects can

be reported in typical 12- to 18-month efficacy trials, long-
latency side effects are not as well recognized or reported.
The high use of ICS/LLABA could also be affected by cost
because ICS/LLABA combinations are less expensive than other
combinations. Physician familiarity with [CS/LABA based on
ubiquitous use in treating asthma might also be a factor.

Propensity matching was used as a sensitivity analysis, and the
control cohort was small. Pu et al conducted a meta-analysis
of drug approval studies and did not find associations with our
outcomes,* which is not inconsistent with our results, given
that those studies usually followed people for intermediate
timeframes and thus were not able to address long-latency side
effects. None of these studies evaluated the combined morbid-
ity associated with ICS use across all outcomes.

There are likely multiple reasons for the high prevalence

of ICS use in individuals with COPD in the United States

Table 3. Univariate Analysis for Directionality, COPD Alone, and COPD + Asthma
Prevalent cohort Prevalent cohort Inception cohort
(COPD alone) (COPD + asthma) (COPD alone)
Long-term ICS Short-term Long-term ICS Short-term Long-term ICS Short-term

Outcome exposure ICS exposure exposure ICS exposure exposure ICS exposure
Diabetes No. (%) 8,324 (13.53) 4,086 (3.86) 11,321 (14.65) 5,327 (3.79) 6,037 (14.98) 2,933 (4.03)

Total 61,540 105,750 77,290 140,489 40,288 72,752

Test X2(1) = 5,286.8; P <.001 X2(1)=8,321; P<.001 X2(1) = 4,256.5; P <.001
Osteoporosis No. (%) 5,017 (7.93) 3,261 (2.69) 6,796 (8.56) 4,323 (2.85) 3,578 (8.63) 2,361 (3.03)

Total 63,250 121,191 79,350 151,462 41,450 78,039

Test X2(1) = 2,662; P <.001 X2(1)=3,701.8; P <.001 X2(1) = 1,800.5; P <.001
Fracture No. (%) 1,802 (2.79) 1,634 (1.28) 2,399 (2.96) 2,237 (1.40) 1,295 (3.06) 1,246 (1.51)

Total 64,483 127,347 80,923 159,576 42,253 82,904

Test X2(1) = 555.05; P <.001 X2(1) =692.77; P <.001 X2(1) = 342.5; P <.001
Cataracts No. (%) 406 (0.63) 631 (0.49) 555 (0.68) 897 (0.56) 293 (0.69) 417 (0.50)

Total 64,680 128,371 81,184 160,835 42,437 84,014

Test X2(1) = 14.671; P <.001 X2(1) = 14.134; P <.001 X2(1) =18.677; P <.001
Pneumonia No. (%) 8,263 (13.01) 6,017 (4.91) 11,263 (14.15) 8,077 (5.28) 5,828 (14.01) 4,144 (5.24)

Total 63,530 122,501 79,593 153,024 41,591 79,159

Test X2(1) = 3,866.7; P.001 X2(1) = 5,406; P <.001 X2(1)=2,771.5; P<.001
COPD = chronic obstructive pulmonary disease; ICS = inhaled corticosteroid.
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The Global Initiative for Chronic
Obstructive Lung Disease (GOLD)
2024 recommendations* highlight

Table 4. Primary and Sensitivity Analysis Results of Cox Proportional Hazards
Regression Models of Prevalent and Inception Cohorts

indications for ICS use in COPD, as

follows: (1) for individuals experienc-

Primary analysis (COPD alone)

Sensitivity analysis
(COPD + asthma)

ing >2 exacerbations or 1 hospital-

ization for COPD and with blood

Outcome

Prevalent?
HR (95% CI)

Inception?
HR (95% Cl)

Prevalent?
HR (95% CI)

Inception?
HR (95% Cl)

eosinophil counts >300 cells/ulL as
part of triple therapy with ICS/LABA/
LAMA and (2) for those with ACO.*
Yet, the most common initial COPD

Overall

Diabetes
combination drug in the United States Fracture
is [CS/LABA, which is not the treat- Osteoporosis
ment of choice for any GOLD group. Pheumonia
This combination ignores the prefer- Cataracts

ence for LAMA as the first-line bron-

chodilator, the demonstrated enhanced

o Pneumonia
bronchodilation of a LAMA/LABA Nontraumatic
combination, the lack of an ICS indi- fracture

Composite dichotomous

2.65 (2.62-2.68)

Individual outcomes

2.56 (2.53-2.59)
2.45 (2.42-2.47)
2.50 (2.50-2.50)
2.48 (2.45-2.50)
2.45 (2.43-2.48)

Individual recurrent outcomes

2.88 (2.62-3.16)
1.77 (1.42-2.21)

2.60 (2.56-2.64)

2.48 (2.45-2.52)
2.39 (2.36-2.42)
2.44 (2.41-2.48)
2.40 (2.37-2.44)
2.39 (2.36-2.43)

2.85 (2.53-3.22)
1.57 (1.20-2.06)

2.72 (2.69-2.75)

2.63 (2.60-2.66)
2.52 (2.50-2.55)
2.57 (2.55-2.60)
2.54 (2.52-2.57)
2.53 (2.50-2.55)

2.87 (2.63-3.12)
1.92 (1.58-2.33)

2.75 (2.71-2.79)

2.64 (2.61-2.68)
2.54 (2.50-2.57)
2.59 (2.56-2.62)
2.54 (2.50-2.57)
2.54 (2.50-2.57)

3.26 (2.92-3.63)
1.83 (1.43-2.33)

cation for those with infrequent exac-
erbations,* and the risks of long-term

ICS use. These concerns are not well

COPD = chronic obstructive pulmonary disease; HR = hazard ratio.

2 All outcomes statistically significant (P < .001).

delineated in the GOLD recommenda-

tions, which do not mention [CS/LABA. Based on our present
results, we believe it is important for clinicians to verify a
clinical need for ICS to treat COPD by assessing exacerba-
tion frequency, total eosinophil count, and a failure of LABA/
LAMA therapy to provide adequate exacerbation prevention
before initiating ICS therapy. Whereas the long-term side
effects of ICS therapy are

similar for individuals with

a concomitant diagnosis

Inception cohort of asthma, the risk-benefit

(COPD + asthma) ratio of ICS use, the main-
Long-term ICS Short-term stay of asthma treatment,
exposure IS exposure might be very different for
11,135 (15.78) 2,672 (4.22) those with ACO.
70,570 63,341
X2(1) = 4,822.6; P <.001 Strengths

and Limitations

This study is based

on a very large cohort
using EHR data that was

6,689 (9.25) 2,186 (3.22)
72,296 67,972
X2(1) = 2,152.7; P <.001

2,356 (3.20) 1,143 (1.58) opportunistically avail-
73,714 72,356

X2(1) = 407.38; P <.001

able for analysis from

DARTNet's Practice Per-

formance Registry. The
613 (0.83) 412 (0.56)

73,976 73,135
X2(1) = 37.03; P <.001

clinical organizations in
the registry might not be
representative of all US

health care, and thus, the
included patients might

10,804 (14.89) 3,855 (5.60)
72,561 68,878

X2(1) = 3,283.6; P <.001 not be representative of all

US individuals. However,

the DARTNet registry

contains EHR data from several thousand clinical organiza-
tions, with sites in all 50 states, ranging from solo clinicians
to integrated delivery systems consisting of dozens of hos-
pitals and thousands of clinicians. In addition, the use of
genetic matching establishes similar population characteristics
between the comparison groups. Thus, the findings are not
likely to be affected by using an alternative large EHR data
set. Available EHR data contained information on intended
therapy and reconciled therapy but does not guarantee that
therapies were actually used by individuals. Likewise, evi-
dence of intended treatment extending across multiple years
with multiple prescriptions makes it more likely that therapy
was intended and likely used. Total use and exact ICS prod-
uct dispensed are not well delineated in EHR data, and thus
we did not attempt to study the effect of different ICS dos-
ages or different types of steroids within an ICS. Nonethe-
less, the stepwise risk for most outcomes between the short-
term, intermediate-term, and long-term ICS groups supports
the construct that the findings are based on length of ICS
use. We did not use mortality data for these analyses because
all data for each individual were truncated at the time of the
last live encounter, thus assuring they had the exposure dur-
ing the period analyzed. We also did not attempt to consider
the severity of an individual's COPD in this analysis; GOLD*
considers severity based on pulmonary function testing, but
testing results as discrete data are rarely available in EHRs.
Whereas type 2 diabetes and osteoporosis are correlated with
COPD,*# we could find no literature reporting an increase
or decrease in our outcomes of interest associated with
COPD severity, when age and therapies used are taken into
account. Therefore, lack of pulmonary function—based sever-
ity data should not affect the reliability of our findings.
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CONCLUSIONS

The long-term effect of ICS use in individuals with COPD is
substantial, with greater rates of a composite and individual
outcomes of type 2 diabetes, cataracts, pneumonia, osteopo-
rosis, and nontraumatic fracture, as well as recurrent pneumo-
nia and recurrent fracture. The clinical use of and indications
for ICS therapy in COPD should be carefully considered for
each individual before initiation of long-term ICS therapy.

% Read or post commentaries in response to this article.
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