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OBJECTIVE
Emerging data from animal and human pilot studies suggest potential benefits of
glucagon-like peptide 1 receptor agonists (GLP-1RA) on lung function. We aimed
to assess the association of GLP-1RA and chronic lower respiratory disease (CLRD)
exacerbation in a population with comorbid type 2 diabetes (T2D) and CLRD.

RESEARCH DESIGN AND METHODS

A new-user active-comparator analysis was conducted with use of a national
claims database of beneficiaries with employer-sponsored health insurance span-
ning 2005–2017.We included adults with T2D and CLRD who initiated GLP-1RA or
dipeptidyl peptidase 4 inhibitors (DPP-4I) as an add-on therapy to their antidiabe-
tes regimen. The primary outcome was time to first hospital admission for CLRD.
The secondary outcome was a count of any CLRD exacerbation associated with an
inpatient or outpatient visit. We estimated incidence rates using inverse probabil-
ity of treatment weighting for each study group and compared via risk ratios.

RESULTS

The study sample consisted of 4,150 GLP-1RA and 12,540 DPP-4I new users with co-
morbid T2D and CLRD. The adjusted incidence rate of first CLRD admission during fol-
low-up was 10.7 and 20.3 per 1,000 person-years for GLP-1RA and DPP-4I users,
respectively, resulting in an adjusted hazard ratio of 0.52 (95% CI 0.32–0.85). For the
secondary outcome, the adjusted incidence rate ratio was 0.70 (95% CI 0.57–0.87).

CONCLUSIONS

GLP-1RA users had fewer CLRD exacerbations in comparison with DPP-4I users. Con-
sidering both plausible mechanistic pathways and this real-world evidence, potential
beneficial effects of GLP-1RA may be considered in selection of an antidiabetes treat-
ment regimen. Randomized clinical trials are warranted to confirm our findings.

Glucagon-like peptide 1 receptor agonists (GLP-1RA) define a class of glucose-lowering
agents indicated to treat patients with type 2 diabetes (T2D). The mechanism of
action of GLP-1RA involves stimulation of insulin secretion by activation of the
pancreatic glucagon-like peptide 1 receptors in the pancreas (1,2). These recep-
tors are abundantly expressed in multiple organs including stomach (3), heart
(4), lung (5), and kidney (6), providing pathways for potential effects of GLP1-
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RA beyond glucose control. Indeed,
based on recent clinical trials evi-
dence, several GLP-1RA (liraglutide,
semaglutide, and dulaglutide) have
been granted a U.S. Food and Drug
Administration indication for major
cardiovascular risk prevention in pa-
tients with T2D and cardiovascular dis-
ease (7).
GLP-1RA may also offer a potential

benefit for patients with T2D and comor-
bid chronic lower respiratory disease
(CLRD). In an ex vivo study, GLP-1RA
showed a protective effect in attenuating
human bronchial hyperresponsiveness
(5), a known hallmark of CLRD. Similar
potential protective effects were re-
ported in several animal studies (8,9).
Moreover, results from a small non-
controlled study have shown a decline
in CLRD exacerbations in asthma patients
(10). While these results suggest a po-
tential role of GLP-1RA for patients with
T2D and CLRD, conclusive population-
based evidence is not available. There-
fore, the aim of the current study was to
assess the association between GLP-1RA
use and CLRD exacerbations in a popula-
tion of patients with T2D and CLRD.

RESEARCH DESIGN AND METHODS

Study Design and Data Source
A new-user active-comparator analysis
within a retrospective cohort design
was carried out with use of IBM Mar-
ketScan Commercial Claims Database
data from 2005 to 2017. The data in-
clude longitudinal information on health
care use of privately insured employees,
retirees, and their dependents in the
U.S. Data of reimbursed medical serv-
ices, including diagnoses and procedures
associated with in- and outpatient en-
counters as well as outpatient pharmacy
medication-dispensing claims, are avail-
able. Each dispensed medication is ac-
companied by information about the
dispensed days of supply, strength, quan-
tity, and route of administration.

Study Sample
The study sample comprised patients
aged >17 years who have had at least
one inpatient or two outpatient en-
counters with T2D and CLRD, defined
based on the presence of diagnoses or
medication dispensing (Supplementary
Tables 1 and 2) during the year before
index date. Exposure assignment and

start of follow-up (index date) were de-
fined based on the first observed pre-
scription for GLP-1RA and dipeptidyl
peptidase 4 inhibitors (DPP-4I) (which-
ever came first) in the database. Pa-
tients whose first prescription fill did
not follow at least 365 days’ continuous
health plan enrollment were excluded
to achieve a new-user design. We in-
cluded patients who used either study
drug class as an add-on to other antidia-
betes agents, e.g., metformin. Patients
using insulin prior to the index date or
with a diagnosis of type 1 diabetes
were excluded. Patients with a history
of cystic fibrosis, lung cancer, pulmonary
embolism, and pulmonary hypertension,
which may independently worsen lung
function, were excluded, as were wom-
en with pregnancy at index date. Pa-
tients with thyroid carcinoma who
would likely be channeled to DPP-4I
agents because of the related GLP-1RA
contraindication were also excluded. Fi-
nally, patients with clinical conditions
(except chronic obstructive pulmonary
disease [COPD] and asthma) that fre-
quently require chronic systemic cortico-
steroid treatment, which is protective
against lung exacerbations, were
excluded.

Exposure Measurement
Patients were included in the GLP-1RA
group if they initiated one of the follow-
ing approved drugs: exenatide, liraglu-
tide, dulaglutide, or albiglutide. If the
patients initiated saxagliptin, sitagliptin,
linagliptin, or alogliptin then they were
assigned to the DPP-4I group. Drug ex-
posure was assumed from the day of a
prescription fill until 30 days after ex-
haustion of the dispensed days’ supply;
thus; exposure gaps <30 days were per-
mitted. Switching between drugs in the
same exposure group was allowed.

Outcome Measurement
First CLRD hospitalization, the primary
study end point, was defined as hospital
admission with a principal diagnosis of
CLRD or a combination of a principal di-
agnosis of lower–respiratory tract infec-
tion, respiratory distress syndrome, or
respiratory failure and a secondary diag-
nosis of CLRD.

The secondary outcome was the
number of CLRD exacerbations requiring
hospitalization or an emergency room

visit with a principal diagnosis of CLRD
or a new prescription fill of systemic
corticosteroids (dexamethasone, hydro-
cortisone, methylprednisolone, predniso-
lone, or prednisone). Because pulmonary
exacerbations among CLRD patients re-
quire �1 week post–treatment initiation
for recovery (11), and clinical guidelines
(12) recommend a 10- to 14-day course
of oral corticosteroid treatment, we es-
tablished a minimum 2-week treatment
gap requirement to distinguish between
episodes. For instance, if a patient re-
ceived an oral corticosteroid right after
hospitalization for CLRD or visited an
emergency room a week after discharge,
the patients were assumed to have had
only one episode.

Study Follow-up
For the primary analysis, patients were
followed from the index date until the
primary end point, health plan disenroll-
ment, discontinuation of study drug,
adding or switching to a medication of
the comparator group, hospitalization
for reasons other than CLRD exacerba-
tions, or reaching 1 year of follow-up
(study end). The patients were censored
at hospital admission because claims
data lack information on drug use dur-
ing admission and thus drug exposure
assignments would have been unreli-
able. The study was ended at 1 year of
follow-up because we were particularly
interested in evaluating outcomes out-
side of the known impact of GLP-1RA
on weight loss, which would be ex-
pected to materialize during longer
treatment duration. In the analysis of
the secondary outcome, the patients
were not censored at the first event to
allow for counting of all exacerbations
during follow-up (Supplementary Fig. 1).

Measurement of Confounders
Based on a literature search and clinical
expertise, we identified 45 potential
confounders including demographics,
clinical conditions, clinical procedures,
health services use, and certain pre-
scription medication use. All measured
confounders were ascertained during
the 1-year baseline period (definitions
and lists for the potential confounders
and corresponding measurements can
be found in Supplementary Appendix 1).
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Statistical Analysis
Inverse probability of treatment weights
was used to adjust for confounders. The
weights were calculated from exposure
propensity scores obtained after fitting
of a logistic regression model to predict
GLP-1RA versus DPP-4I initiation. The
weights were stabilized with use of the
marginal mean of the propensity scores
(stabilized inverse probability treatment
weighting [SIPTW]). We further trimmed
the top and bottom 1% of the SIPTW.
We fitted a Cox proportional hazards
model to estimate the adjusted hazard
ratio (HR) of first CLRD hospital admis-
sion, between GLP-1RA and DPP-4I
users. We further stratified the analysis
by CLRD type. For our secondary out-
come, we used a Poisson regression
model to compare CLRD exacerbation
rates between the two study groups.
Again, SIPTW was used to account for
potential confounders. The 95% CIs
were estimated with use of the robust
variance estimator (13).

Sensitivity Analyses
To evaluate the robustness of our find-
ings, we estimated the propensity score
using a machine learning technique,
namely, Bayesian additive regression
trees (BART), instead of logistic regres-
sion. Second, instead of weighting the
study sample, we matched GLP-1RA
users to DPP-4I users (1:2 match) based
on the propensity score. Third, because
of the very low sensitivity of obesity
and smoking measures in claims data,
we used multiple imputation techniques
to obtain information on obesity and to-
bacco use that was available from
linked survey data for a subsample of
�5% of our study population. Fourth,
we augmented our prespecified varia-
bles that were included in the pro-
pensity score with �100 additional
potential confounders, identified via
high-dimensional propensity score tech-
nique (14). Fifth, although this has been
refuted, DPP-4I have been linked to low-
er–respiratory tract infections (15–19),
and to address potential channeling, we
replicated our analysis using sulfonylur-
eas instead of DPP-4I as the comparator
group. Sixth, to increase the specificity
of the primary outcome, we required
CLRD as the principal diagnosis. Seventh,
to further balance for potential differ-
ences in diabetes duration and severity
across comparison groups, we provided

results restricted to patients who initiat-
ed the study drugs as an addition to
only metformin. Eighth, drug discontinu-
ation or switching may be differential
between the two groups, and therefore
we adjusted for censoring by estimating
the inverse probability of censoring
weight, which was added as second
weight to balance comparison groups.
Finally, we used skin infection in a nega-
tive outcome analysis to test residual
confounding and, particularly, presence
of a healthy user effect. Additional in-
formation on sensitivity analyses is pre-
sented in Supplementary Appendix 2.

All data management was carried out
with SAS, version 9.4 (SAS Institute, Cary,
NC). Descriptive analyses and inferential
models were performed with R software,
version 3.4.2 (R Foundation for Statistical
Computing) and the following R pack-
ages: ipw (20), survey (21), ggplot2 (22),
mice (23), and tableone (24).

RESULTS

Descriptive
We identified �700,000 new users of
either GLP-1RA or DPP-4I who had a
T2D diagnosis during the 1-year base-
line period. After application of our in-
clusion and exclusion criteria, the study
sample consisted of 4,150 GLP-1RA and
12,540 DPP-4I users whom we identi-
fied as patients with T2D and CLRD
(Supplementary Fig. 2). The majority of
the study sample was female: 65% of
GLP-1RA and 55% of DPP-4I groups.
Obesity was significantly higher among
the GLP-1RA (34%) users in comparison
with DPP-4I (21%) users. Most of the
comorbidities were distributed similarly
in the study groups, with similar Charl-
son comorbidity indices. The use of
CLRD medications was also similar be-
tween the study groups including use
of CLRD controllers, e.g., inhaled corti-
costeroids, or CLRD rescue medica-
tions such as short-acting β-agonists.
Finally, study groups showed similar
health care services use (Table 1). The
distribution of propensity scores, i.e.,
the probability of receiving GLP-
1RA conditional on measured con-
founders, showed almost complete
overlap between the two drug groups
(Supplementary Fig. 3). Figure 1 shows
the absolute standardized differences
of covariates after application of
SIPTW: all close to 0. During follow-up,

the number of the prescriptions fills was
relatively similar across comparison
groups (median 7 and 8 for GLP-1RA
and DPP-4I users, respectively). The av-
erage days’ supply dispensed with each
fill was similar as well (median 30 days).

Primary Outcome
We identified a total of 174 new CLRD
hospitalizations in the study sample
(Table 2, Supplementary Table 3, and
Supplementary Fig. 4) with correspond-
ing incidence rates of 11 per 1,000
person-years (95% CI 7.3–16.6) and
20.6 per 1,000 person-years (95% CI
17.6–24.2) for GLP-1RA and DPP-4I
users, respectively. The adjusted SIPTW
incidence rates were 10.7 per 1,000
person-years (95% CI 7.1–16.2) and
20.3 per 1,000 person-years (95% CI
17.2–23.8) for GLP-1RA and DPP-4I
users, respectively. The adjusted HR
showed GLP-1RA use associated with a
lower risk for CLRD hospitalizations
(HR 0.52, 95% CI 0.32–0.85). When
stratified by CLRD type, COPD and
asthma patients were consistent with
the main analysis but CIs became
wider, especially for the asthma group
due a small number of events (HR
0.54, 95% CI 0.23–1.27) (Fig. 2).

Secondary Outcome
A total of 650 exacerbations requiring
emergency or inpatient care or oral ste-
roid initiation were identified during fol-
low-up (Table 2). GLP-1RA users had
�13 fewer exacerbations per 1,000 per-
son-years compared with DPP-4I users.
The incidence rate ratio of experiencing
CLRD exacerbations estimated using
SIPTW was 0.70 (95% CI 0.56–0.86).

Sensitivity Analyses
Using BART to estimate propensity
scores resulted in an HR of 0.47 (95% CI
0.30–0.75). The estimated HRs from
propensity score matching, adjust-
ment with a high-dimensional propen-
sity score, and multiple imputation
analyses to incorporate unmeasured
information on obesity and smoking
were 0.52 (0.34–0.81), 0.54 (0.35–0.83),
and 0.56 (0.36–0.89), respectively. Sulfo-
nylurea users showed a slightly higher
incidence rate of CLRD hospitalizations
in comparison with DPP-4I (26.2 per
1,000 person-years). The estimated HR
of CLRD hospitalizations associated with
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Table 1—Characteristics of GLP-1RA and DPP-4I users with T2D and comorbid CLRD

Characteristic

Unweighted sample SIPTW weighted sample

DPP-4I,
N = 12,540

GLP-1RA,
N = 4,150 ASD

DPP-4I,
N = 12,445

GLP-1RA,
N = 4,091 ASD

Demographics
Male sex, n (%) 5,628 (44.9) 1,471 (35.4) 0.19 5,293 (42.5) 1,679 (41.1) 0.01
Age, years 54.33 (7.8) 52.02 (8.8) 0.28 53 (8) 53.6 (7.8) 0.00
Preferred Provider Organization plan, n (%) 7,657 (61.1) 2,587 (62.3) 0.03 7,657 (61.5) 2,508 (61.4) 0.01
Region, n (%)
Northeast 2,354 (18.8) 589 (14.2) 0.12 2,208 (17.7) 708 (17.3) 0.01
North central 3,032 (24.2) 1,008 (24.3) 0.00 3,009 (24.2) 989 (24.1) 0.00
South 5,366 (42.8) 1,969 (47.4) 0.09 5,460 (43.9) 1,814 (44.4) 0.01
West 1,636 (13) 530 (12.8) 0.01 1,620 (13) 524 (12.8) 0.01
Unknown 152 (1.2) 54 (1.3) 0.01 152 (1.2) 49 (1.2) 0.01

Year of study entry, n (%)
2007 1,077 (8.6) 387 (9.3) 0.02 1,028 (8.2) 361 (8.8) 0.01
2008 835 (6.7) 157 (3.8) 0.13 747 (6) 250 (6.1) 0.01
2009 1,010 (8.1) 154 (3.7) 0.18 876 (7) 278 (6.8) 0.01
2010 1,282 (10.2) 357 (8.6) 0.05 1,231 (9.9) 396 (9.7) 0.00
2011 1,584 (12.6) 359 (8.7) 0.13 1,461 (11.7) 478 (11.7) 0.00
2012 1,756 (14.0) 516 (12.4) 0.05 1,706 (13.7) 546 (13.4) 0.01
2013 1,144 (9.1) 341 (8.2) 0.03 1,111 (8.9) 358 (8.8) 0.01
2014 1,206 (9.6) 413 (10) 0.01 1,217 (9.8) 398 (9.7) 0.00
2015 1,126 (9) 532 (12.8) 0.12 1,238 (9.9) 402 (9.8) 0.01
2016 829 (6.6) 481 (11.6) 0.17 983 (7.9) 328 (8) 0.00
2017 691 (5.5) 453 (10.9) 0.19 850 (6.8) 288 (7) 0.00

Season of study entry, n (%)
Winter (December–February) 3,031 (24.2) 924 (22.3) 0.04 2,968 (23.8) 979 (23.9) 0.00
Spring (March–May) 3,189 (25.4) 1,110 (26.7) 0.03 3,193 (25.6) 1,050 (25.7) 0.01
Summer (June–August) 3,216 (25.6) 1,095 (26.4) 0.02 3,201 (25.7) 1,042 (25.5) 0.00
Fall (September–November) 3,104 (24.7) 1,021 (24.6) 0.00 3,088 (24.8) 1,012 (24.8) 0.01

Visit to family medicine physicians, n (%) 7,604 (60.6) 2,694 (64.9) 0.09 7,679 (61.7) 2,530 (61.9) 0.00
Visit to internists, n (%) 6,016 (48) 2,039 (49.1) 0.02 6,012 (48.3) 1,990 (48.7) 0.01
Visit to endocrinologist, n (%) 1,150 (9.2) 766 (18.5) 0.27 1,421 (11.4) 489 (11.9) 0.03
Visit to pulmonologist, n (%) 2,182 (17.4) 747 (18) 0.01 2,177 (17.5) 713 (17.5) 0.00

Comorbidities
Charlson comorbidity index 2.69 (1.2) 2.63 (1.1) 0.05 2.67 (1.1) 2.66 (1.1) 0.00
Frailty index 0.16 (0.4) 0.15 (0.4) 0.05 0.16 (0.4) 0.16 (0.4) 0.01
Hypertension, n (%) 8,853 (70.6) 2,907 (70) 0.01 8,784 (70.5) 2,859 (70) 0.00
Acute myocardial infarction, n (%) 137 (1.1) 34 (0.8) 0.03 129 (1) 43 (1) 0.01
Stroke, n (%) 304 (2.4) 87 (2.1) 0.02 293 (2.4) 94 (2.3) 0.01
Congestive heart failure, n (%) 681 (5.4) 230 (5.5) 0.00 674 (5.4) 218 (5.3) 0.00
Coronary artery disease, n (%) 2,066 (16.5) 526 (12.7) 0.11 1,929 (15.5) 621 (15.2) 0.00
Arrhythmia, n (%) 1,004 (8) 282 (6.8) 0.05 957 (7.7) 307 (7.5) 0.01
Dyslipidemia, n (%) 8,525 (68) 2,771 (66.8) 0.02 8,440 (67.8) 2,757 (67.5) 0.00
Nonalcoholic fatty liver disease, n (%) 612 (4.9) 229 (5.5) 0.03 631 (5.1) 217 (5.3) 0.01
Acquired hypothyroidism, n (%) 1,782 (14.2) 709 (17.1) 0.08 1,858 (14.9) 615 (15) 0.00
Sleep apnea, n (%) 2,695 (21.5) 1,225 (29.5) 0.18 2,923 (23.5) 987 (24.16) 0.01
Obesity, n (%) 2,636 (21) 1,395 (33.6) 0.28 3,006 (24.1) 1,008 (24.6) 0.00
Depression, n (%) 1,560 (12.4) 674 (16.2) 0.10 1,672 (13.4) 560 (13.7) 0.00
Glaucoma, n (%) 888 (7.1) 279 (6.7) 0.01 865 (6.9) 276 (6.7) 0.01
Pneumonia, n (%) 1,050 (8.4) 307 (7.4) 0.04 1,009 (8.1) 321 (7.9) 0.00
Influenza, n (%) 240 (1.9) 115 (2.8) 0.06 264 (2.1) 87 (2.1) 0.00
Hypoglycemia, n (%) 83 (0.7) 35 (0.8) 0.02 88 (0.7) 30 (0.7) 0.00

CLRD
CLRD type, n (%)
Asthma 5,966 (47.6) 2,153 (51.9) 0.09 6,066 (48.7) 2,036 (49.8) 0.01
COPD 4,906 (39.1) 1,461 (35.2) 0.08 4,748 (38.1) 1,529 (37.4) 0.01
Asthma and COPD 1,668 (13.3) 536 (12.9) 0.01 1,635 (13.1) 518 (12.7) 0.01

Number of CLRD controller prescription fills* 2.5 (4.2) 2.5 (4) 0.00 2.5 (4.1) 2.5 (4.1) 0.00
Number of CLRD rescue prescription fills† 1.7 (2.7) 1.7 (2.6) 0.01 1,7 (2.6) 1.7 (2.5) 0.01
Number of oral corticosteroid prescription fills 1.3 (2) 1.3 (1.8) 0.02 1.3 (2) 1.3 (1.9) 0.01
Oxygen supplements use, n (%) 781 (6.2) 242 (5.8) 0.02 758 (6.1) 248 (6.1) 0.00
History of CLRD hospital admission, n (%) 290 (2.3) 99 (2.4) 0.01 288 (2.3) 96 (2.3) 0.00

Continued on p. 1348
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GLP-1RA versus sulfonylurea use was
0.46 (95% CI 0.24–0.87). After restriction
of the outcome definition to CLRD diag-
noses designated as principal cause for
admissions, the HR was 0.48 (95% CI
0.27–0.84). When the analysis was re-
stricted to patients who initiated the
study drugs as an add-on to metformin
only, the point estimate was consistent
with that of the main analysis (HR 0.61,
95% CI 0.29–1.23). Adjusting for poten-
tial imbalances in patient characteristics
created through informative censoring
produced findings similar to those of
the main analysis (HR 0.54, 95% CI
0.33–0.86). Finally, evaluation of skin in-
fection, which should not be different
between the groups if patients’ health
statuses were similar, showed no signifi-
cant associations. HR of skin infection
was 1.15 (95% CI 0.55–2.41) in compari-
son of GLP-1RA with DPP-4I (Fig. 2).

CONCLUSIONS

Based on our analysis of real-world data
spanning from 2005 through 2017, we
observed that patients with T2D and
CLRD who initiated GLP-1RA had a low-
er incidence rate both of CLRD hospital-
izations and of a more broadly defined
range of CLRD exacerbations. Various
sensitivity analyses demonstrated the
robustness of these results. These re-
sults, if confirmed in randomized clinical

trials, hold the potential to significantly
improve respiratory outcomes in pa-
tients with T2D and CLRD with GLP-1RA.

Studies pertaining to the effect of
GLP-1RA use in CLRD patients are
scarce. Existing evidence originates
mainly from animal studies (5,9,25). We
are aware of only one clinical study in-
vestigating the effect of GLP-1RA use in
patients with T2D and comorbid asth-
ma, which showed promising findings.
This study included only nine asthma
patients with obesity, who received
GLP-1RA and were followed for 52
weeks without a comparator group, al-
lowing no formal inferences (10). Anoth-
er prospective study of 30 patients with
T2D found improvement in patients’
lung function, yet patients with respira-
tory diseases were excluded (26). Over-
all, to date, human studies have not
been sufficient to provide clinical utility
to prescribers in the management of
patients with T2D and comorbid CLRD.

In our study we addressed these
shortcomings by investigating a large
national real-world T2D population of
privately insured patients, establishing
sufficient statistical power for studying
the risk for CLRD hospitalization. We
adopted an active-comparator design,
selecting DPP-4I users as the compara-
tor for several clinical and methodologi-
cal reasons. First, DPP-4I, similar to GLP-

1RA, are recommended as a second-line
therapeutic option and were available
shortly after GLP-RA entered the mar-
ket, thus placing them at a similar level
of adoption and clinical experience in
selection of diabetes treatment regi-
mens. Second, it has been shown that
DPP-4I use is not associated with lung
function change (27); hence, unlike in-
sulin and other comparators that could
worsen lung function, DPP-4I serve as
an appropriate reference for evalua-
tion of GLP-1RA in real-world settings.
Of note, changing our comparator
drug to sulfonylureas yielded similar
results.

Biological plausibility is pivotal to in-
fer a causal association from clinical ob-
servational studies. Glucagon-like peptide
1 (GLP-1) receptors are abundantly ex-
pressed in human lungs (28), and when
they are activated, bronchodilation and
prevention of bronchial hyperresponsive-
ness occur (29). Moreover, administration
of GLP-1RA in patients with T2D has
been shown to improve the forced expi-
ratory volume in 1 s and the forced vital
capacity (26). Both measures are typi-
cally higher in CLRD patients with fewer
exacerbations (30). Although DPP-4I in-
hibit the enzyme that inactivates en-
dogenous GLP-1, which may produce an
effect similar to that of GLP-1RA by in-
creasing endogenous GLP-1 hormone

Table 1—Continued

Characteristic

Unweighted sample SIPTW weighted sample

DPP-4I,
N = 12,540

GLP-1RA,
N = 4,150 ASD

DPP-4I,
N = 12,445

GLP-1RA,
N = 4,091 ASD

T2D
Dual T2D therapy, n (%) 8,625 (68.8) 2,802 (67.5) 0.03 8,538 (68.6) 2,805 (68.7) 0.00
Triple T2D therapy, n (%) 3,915 (31.2) 1,348 (32.5) 0.03 3,912 (31.4) 1,278 (31.3) 0.00
Number of metformin prescription fills 5.5 (4.3) 5.4 (4.2) 0.02 5.5 (4.2) 5.5 (4.3) 0.00
Number of sulfonylurea prescription fills 3.1 (4.2) 2.8 (4.1) 0.08 3 (4.2) 3 (4.3) 0.01
Number of glitazone prescription fills 1.3 (3) 1.1 (2.8) 0.07 1.2 (2.9) 1.2 (2.9) 0.01
Number of SGLT-2I prescription fills 0.2 (1.2) 0.5 (1.9) 0.19 0.3 (1.5) 0.3 (1.4) 0.00
Diabetes Complications Severity Index 0.6 (0.7) 0.5 (0.7) 0.07 0.5 (0.7) 0.5 (0.7) 0.00

Health care services use in previous year
Total number of ER visits 0.1 (0.3) 0.1 (0.3) 0.04 0.1 (0.3) 0.1 (0.3) 0.01
Total number of ambulatory care visits 21.5 (16.7) 22.7 (17.2) 0.07 21.8 (16.8) 22.1 (16.7) 0.01
Total number of hospital admissions 0.2 (0.6) 0.2 (0.5) 0.08 0.2 (0.5) 0.2 (0.5) 0.00
Total number of prescription fills 16.2 (6.5) 17 (6.5) 0.12 16.3 (6.5) 16.5 (6.2) 0.01
Total number of concomitant prescriptions 7.7 (3.3) 7.8 (3.3) 0.03 7.7 (3.3) 7.7 (3.2) 0.01
Eye exam, n (%) 1,753 (14) 612 (14.7) 0.02 NA NA NA
Blood glucose test, n (%) 11,633 (92.8) 3,895 (93.9) 0.04 NA NA NA
Urinalysis, n (%) 6,323 (50.4) 2,085 (50.2) 0.00 NA NA NA

Data are mean (SD) unless otherwise indicated. ASD, absolute standardized differences; ER, emergency room; NA, not available (was not in-
cluded in the SIPTW analysis); SGLT-2I, sodium–glucose cotransporter 2 inhibitors. *Controller medications include inhaled corticosteroids, leu-
kotriene antagonist, long-acting β-agonists, and long-acting muscarinic antagonists. †Rescue medications include inhaled short-acting β-
agonists and short-acting muscarinic medications.
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levels, endogenous GLP-1 levels are
extremely low in comparison with ex-
ogenous GLP-1. GLP-1RA have been
shown to increase GLP-1 hormone lev-
els by 10-fold, which may result in in-
creased potency in comparison with
DPP-4I (31). More recently, the coro-
navirus disease 2019 pandemic has
brought new attention to the role of
T2D and antidiabetes drugs in regulat-
ing inflammation (32). Our study, in
conjunction with these mechanistic
pathways and evidence from animal
studies, calls for a reappraisal of the
GLP-1RA role in CLRD.
One key concern in observational

studies is the nonrandom nature of
exposure assignment, leading to poten-
tial confounding. Comparison group

characteristics, displayed in Table 1, fail
to provide an explanation for the ob-
served association and suggest limited
channeling. We aimed to address un-
measured confounders using several
strategies. First, to capture a potential
healthy user effect (i.e., GLP-1RA users
have a healthier lifestyle) we examined
the proportion of patients who had eye
exams performed as an indication of bet-
ter adherence to monitoring recommen-
dations. The proportion was similar
between the groups. Second, to align pa-
tients with respect to T2D severity and
control, we used an active-comparator
new-user design. Because uncontrolled
glucose levels, which are not captured
by claims data, are associated with wors-
ening lung function (33), we ensured

that comparison groups had similar dia-
betes severity indices and a similar histo-
ry of glucose-lowering agent use.
Nevertheless, future studies that capture
HbA1c levels over time and integrate this
information to further balance compari-
son groups are warranted. For further
addressing the impact of misclassified
obesity status, we used internal valida-
tion data to improve the measurement.
Results showed a slight change in the
point estimate, yet conclusions remained
the same. We limited time-varying ef-
fects such as changes in BMI by restrict-
ing study follow-up to 1 year. Finally, we
tested whether use of high-dimensional
propensity scores, which are used to
screen encounter records for any poten-
tial predictor of exposure, might capture

Figure 1—Balance of sample characteristics before and after application of SIPTW. ER, emergency room; SGLT-2I, sodium–glucose cotransporter 2
inhibitors.
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additional measured confounders or prox-
ies of unmeasured confounders. The ad-
justed estimate was consistent with the
primary analysis. We also evaluated ef-
fects on negative outcomes that would
be affected by unmeasured risk factors
such as healthy lifestyle, cardiovascular
risk factors, and diabetes severity and
found no associations. Using new-user

and active-comparator study designs fur-
ther mitigated the risk of unmeasured
confounders (34).

To address potential outcomes mis-
classification, we conducted a sensitivity
analysis where we required CLRD as
principal diagnosis for admission. Re-
quiring CLRD as principal diagnosis for
admission has shown high positive

predictive value (>90%) (35). Likewise,
using COPD codes in the primary posi-
tion of inpatient encounters has shown
high specificity in validation studies
(>99%) focused on identifying COPD
admission (36). Our study conclusions
remained unchanged. Moreover, group-
ing asthma and COPD in one composite
outcome may underestimate or over-
estimate the GLP-1RA association with
each individual condition. We, therefore,
stratified the analysis by CLRD condition
and found similar results, though nonsig-
nificant among asthma patients due to a
small number of hospitalizations in this
group. Moreover, we censored at hospi-
talization to curb the impact of exposure
misclassification, which may have re-
sulted in a loss of follow-up and conse-
quently a loss of study events. However,
only 0.2% of the study sample was cen-
sored due to hospitalization, and this
was nondifferential between the study
groups. Therefore, censoring patients
due to hospitalization likely would not
have distorted the observed effect. Final-
ly, we should note that while broadly ap-
plicable to privately insured patients in
the U.S., our exclusion criteria do not

Figure 2—CLRD hospitalizations (primary outcome) among GLP-1RA vs. DPP-4I users: main and sensitivity analyses. hdPS, high-dimensional pro-
pensity score; PS, propensity score.

Table 2—Risk for CLRD hospitalizations and CLRD exacerbations among GLP-1RA
and DPP-4I users

GLP-1RA DPP-4I

Sample, n 4,150 12,540

Primary outcome: first CLRD hospitalization
CLRD hospitalization, n 23 151
Days of follow-up, mean 175 203
Person-years, n 2,089 7,328.1
Incidence rate per 1,000 person-years (95% CI) 11 (7.3–16.6) 20.6 (17.6–24.2)
Unadjusted HR (95% CI) 0.52 (0.34–0.81) Reference
SIPTW-adjusted HR (95% CI) 0.52 (0.32–0.85) Reference

Secondary outcome: number of pulmonary exacerbations
CLRD exacerbations, n 122 528
Days of follow-up, mean 184 215
Person-years, n 2,096.7 7,387.6
Incidence rate per 1,000 person-years (95% CI) 58.2 (48.7–69.5) 71.5 (65.6–77.8)
Unadjusted RR (95% CI) 0.81 (0.66–0.99) Reference
SIPTW-adjusted RR (95% CI) 0.70 (0.57–0.87) Reference

RR, rate ratio.
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allow inferences for patients with insulin
use and thus are not generalizable to pa-
tients with advanced stages of T2D.
It might be surprising that, given the

observed magnitude of a beneficial ef-
fect, limited reports of clinical experience
have offered related hypotheses. Howev-
er, pulmonologists involved in treatment
of CLRD patients during admission are
likely not the prescribers of GLP-1RA or
DPP-4I, and thus the benefit of GLP-1RA
may not have been detected in clinical
practice. We should furthermore consid-
er the wide CIs of our effect estimates,
owing to the small number of available
events, which confirm statistical power
sufficient for conclusions of beneficial ef-
fects but also illustrate the uncertainty
around the exact size of such effect.
Considering the presence of comor-

bidities among patients with T2D, re-
cent clinical guidelines have added
directions regarding advantages and dis-
advantages for each second-line glu-
cose-lowering therapeutic class in terms
of effects on comorbidities. For in-
stance, patients with T2D and morbid
obesity may initiate GLP-1RA or SGLT-2I
to promote weight loss (37). In absence
of no prior finding of beneficial effects
offered by other drug classes (26,38,39),
future clinical guidelines should consid-
er available evidence to provide direc-
tion for clinicians who manage patients
with T2D and comorbid CLRD.
In summary, in this first comparative

effectiveness study, patients with T2D
and comorbid CLRD who initiated GLP-
1RA had significantly fewer CLRD hospi-
talizations in comparison with initiators of
DPP-4I. This association was reproducible
for milder forms of CLRD exacerbation.
The results remained unchanged in multi-
ple sensitivity analyses aimed at examin-
ing the effect of residual confounding and
measurement biases. Considering both
plausible mechanistic pathways and this
real-world evidence, potential beneficial
effects of GLP-1RA should be considered
in selection of an antidiabetes treatment
regimen. Randomized clinical trials are
warranted to confirm our findings.
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