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In laboratory studies in murine models of
obstructive lung disease, direct stimulation of the
GLP-1 receptors by GLP-1 receptor agonists reduced
airway hyperresponsiveness and inflammation leading
to improved survival.>® Furthermore, GLP-1 receptor
agonists have been shown to improve forced vital
capacity among patients with compromised lung
function in randomised controlled trials.® 7 DPP-4
inhibitors may reduce bronchial hyperresponsiveness
by increasing endogenous GLP-1 concentration and
directly blocking DPP-4, a molecule up-regulated in
the lungs of patients with exacerbations of chronic
obstructive pulmonary disease.® Finally, although SGLT-
2 receptors are not expressed in the lungs, these drugs
may exert beneficial effects by reducing carbon dioxide
retention by inducing glucosuria and by reducing the
risk of pneumonia, a major precipitator of chronic
obstructive pulmonary disease exacerbations.”*? To
date, observational studies investigating the effects of
these novel antihyperglycaemic drugs on respiratory
disease exacerbations have been limited.”> '* In one
study, DPP-4 inhibitors were not associated with
a decreased risk of severe exacerbation of chronic
obstructive pulmonary disease.’® In another study,
GLP-1 receptor agonists were associated with a
48% decreased risk of severe exacerbation among
patients with type 2 diabetes and chronic lower
respiratory diseases (asthma or chronic obstructive
pulmonary disease).* However, these studies did not
consider other clinically important outcomes, such as
moderate exacerbations, and were unable to adjust for
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potentially important confounders, such as body mass
index, smoking, and measures of lung function. To our
knowledge, no real world study has been conducted to
assess whether SGLT-2 inhibitors are associated with
a decreased risk of chronic obstructive pulmonary
disease exacerbations.

Given that patients with type 2 diabetes are at a
high risk of chronic obstructive pulmonary disease
related morbidity and mortality,”® '° we did a large
population based cohort study to determine whether
GLP-1 receptor agonists, DPP-4 inhibitors, and SGLT-2
inhibitors, separately, are associated with a decreased
risk of chronic obstructive pulmonary disease
exacerbation among patients with chronic obstructive
pulmonary disease and type 2 diabetes, compared
with sulfonylureas.

Methods
Data sources
We did this population based cohort study by linking
the GOLD (Gp OnLine Data) and Aurum databases
of the Clinical Practice Research Datalink (CPRD)
with the Hospital Episode Statistics Admitted Patient
Care (HES APC) and Office for National Statistics
databases. The CPRD is a large primary care database
from the UK that includes approximately 60 million
patients from nearly 2000 general practices and is
representative of the general population of the UK with
respect to age, sex, and ethnicity.'” The Read code and
SNOMED-CT classification systems are used to record
medical diagnoses and procedures, and a coded drug
dictionary based on the British National Formulary is
used to record prescription details.!” Several studies
have confirmed the validity of the data recorded in the
CPRD.'#2°

The HES APC database contains hospital admission
records of patients who have received care from
English National Health Services hospitals.”!
Diagnoses in the HES APC are recorded using the
ICD-10 (international classification of diseases, 10th
revision) classification.?! The Office for National
Statistics is a vital statistics database that we used to
accurately identify patients who died during follow-
up. The linkage of the CPRD with other databases has
been well validated."’

Study population

We constructed three separate active comparator, new
user cohorts that compared patients starting GLP-
1 receptor agonists, DPP-4 inhibitors, and SGLT-2
inhibitors with those starting sulfonylureas. The first
cohort consisted of patients starting GLP-1 receptor
agonists (dulaglutide, exenatide, liraglutide (except
the 3 mg/0.5mL formulation indicated for weight
loss), lixisenatide, semaglutide) and those starting
sulfonylureas (glibenclamide, gliclazide, glipizide,
glimepiride, tolbutamide) and extended between
1 January 2007 (the year the first GLP-1 receptor
agonists entered the UK market) and 31 December
2019. The second cohort consisted of patients
starting DPP-4 inhibitors (alogliptin, linagliptin,
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saxagliptin, sitagliptin, vildagliptin) and those starting
sulfonylureas between 1 January 2007 (the year the
first DPP-4 inhibitors entered the UK market) and 31
December 2019. The third cohort consisted of patients
starting SGLT-2 inhibitors (canagliflozin, dapagliflozin,
empagliflozin) and those starting sulfonylureas from
1 January 2013 (the year the first SGLT-2 inhibitor
entered the UK market) to 30 December 2019.
Overall, 6679 sulfonylurea users were present in all
three cohorts. However, we constructed each cohort
independently of the others, so inclusion in one cohort
was not conditional on inclusion in another cohort.
We defined cohort entry in each cohort by the date
of the first prescription of either the drug of interest
(GLP-1 receptor agonists, DPP-4 inhibitors, or SGLT-2
inhibitors) or the comparator (sulfonylureas) during
the study period, whichever came first. This procedure
avoided classifying exposure in a hierarchical fashion
(that s, identifying the drug of interest first and then the
comparator), which would have introduced immortal
time bias.?? In all cohorts, we excluded patients under
40 years of age and those concomitantly treated with
the study drugs at cohort entry. Furthermore, we
required all patients to have at least one year of medical
history in the CPRD before cohort entry and at least
one diagnostic code for chronic obstructive pulmonary
disease at any time before cohort entry. Chronic
obstructive pulmonary disease codes in the CPRD
have been previously validated, achieving a positive
predictive value of 86.5% when the assessment of
respiratory physicians is used as the gold standard.”
To identify patients starting a drug, we excluded
those previously treated with the drugs of interest or
sulfonylureas in the year before cohort entry. In the
GLP-1 receptor agonist and DPP-4 inhibitor cohorts,
we additionally excluded patients who used the other
incretin based drug class in the year before cohort entry,
given their shared mechanism of action® (that is, DPP-
4 inhibitor users in the GLP-1 receptor agonist versus
sulfonylurea cohort and GLP-1 receptor agonist users
in the DPP-4 inhibitor versus sulfonylurea cohort).
Finally, we excluded patients diagnosed as having end
stage renal disease at any time before cohort entry, as
several GLP-1 receptor agonists, SGLT-2 inhibitors, and
sulfonylureas are contraindicated in these patients.
We chose sulfonylureas as the active comparator
as they are used at a similar disease stage as incretin
based drugs and SGLT-2 inhibitors,? continue to be
widely prescribed worldwide, ?°*” and have not been
previously associated with an increased incidence
of exacerbation of chronic obstructive pulmonary
disease.’* By contrast, metformin and insulin are
drugs usually started in early or advanced diabetes,
respectively,” which can introduce confounding by
indication. Thiazolidinediones are second to third
line drugs, but they have been associated with several
adverse events and are now used infrequently. *

Exposure definition
We followed all patients by using an on-treatment
exposure definition, in which patients were followed
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while they were continuously exposed to the study
drugs. We considered patients to be continuously
exposed if the duration of one prescription overlapped
the date of the next prescription. In the event of non-
overlapping prescriptions, we used a 60 day grace
period to bridge consecutive prescriptions. We defined
treatment discontinuation by the absence of a new
prescription by the end of the 60 day grace period.
Thus, we followed patients from cohort entry until a
chronic obstructive pulmonary disease exacerbation
(detailed below), treatment discontinuation, switching
to or adding on one of the study drugs, death from any
cause, end of registration with the CPRD, or the end of
the study period (31 March 2020), whichever occurred
first.

Primary and secondary outcomes

The primary outcome was time to the first episode
of severe chronic obstructive pulmonary disease
exacerbation during the follow-up period. We
defined this as a hospital admission (identified using
HES APC) with a diagnosis of chronic obstructive
pulmonary disease in the primary position (ICD-10
codes J41-J44).”® This definition has been previously
validated with a positive predictive value of 86%
and a specificity of 99%.%® We also considered three
secondary outcomes: time to the first moderate chronic
obstructive pulmonary disease exacerbation during
the follow-up period (using a validated outcome
definition based on a co-prescription of an oral
corticosteroid and a respiratory antibiotic (penicillins,
cephalosporins, aminoglycosides, macrolides,
quinolones, tetracyclines, vancomycin, cotrimoxazole,
clindamycin) along with an outpatient diagnosis
of acute chronic obstructive pulmonary disease
exacerbation on the same day)?’; count of moderate
exacerbations; and count of severe exacerbations
during the follow-up period. Events within 30 days of
each other counted as the continuation of the same
exacerbation episode for the count based outcomes.

Potential confounders

We considered a wide range of potential confounders,
all measured before or at cohort entry. Our rationale
for selecting potential confounders focused on
variables previously associated with the outcome,
which may also be associated with the exposures of
interest, on the basis of the available literature and
subject matter expertise. The variables included age
(modelled using cubic splines with five interior knots),
sex, body mass index, smoking status, and alcohol
related disorders. We also included variables as
proxies for severity of diabetes, including haemoglobin
A, duration of diabetes before cohort entry (defined
by the date of the first of a haemoglobin A, 6.5%,
a diagnosis of type 2 diabetes, or prescription for
any antihyperglycaemic drug, modelled using cubic
splines with five interior knots), microvascular
complications (nephropathy, neuropathy, retinopathy),
macrovascular complications (myocardial infarction,
stroke, peripheral arteriopathy), and different
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Linkable patients with at least one prescription for antihyperglycaemic
drug between 1 January 2007 and 31 December 2019
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Fig 1 | Study flow diagram of patients starting sulfonylureas or glucagon-like peptide-1 receptor agonists (GPL-1 RAs) in UK Clinical Practice
Research Datalink between 2007 and 2019. COPD=chronic obstructive pulmonary disease

antihyperglycaemic drugs prescribed in the vyear
before and including cohort entry. The models also
included proxies for severity of chronic obstructive
pulmonary disease, such as duration of disease (time
between the initial diagnosis and cohort entry),
respiratory drugs prescribed in the year before cohort
entry (including long acting and short acting 3 agonist
drugs, long acting and short acting anti-muscarinic
drugs, inhaled and oral corticosteroids, leukotriene
antagonists, methylxanthines, respiratory antibiotics),
and respiratory events in the year before cohort entry
(hospital admission for chronic obstructive pulmonary
disease (any position), pneumonia, or influenza). The
models included relevant spirometry parameters,
such as per cent predicted forced expiratory volume
in one second (FEV,),’° and FEV, to forced vital
capacity ratio,>® and dyspnoea (modified Medical
Research Council scale assessing the impact on
physical function),* along with blood eosinophil
count (<2%, 2-4%, >4%) at cohort entry. We also
considered other chronic respiratory disorders that
could influence chronic obstructive pulmonary
disease exacerbations (asthma, interstitial lung
diseases, cystic fibrosis, bronchiectasis, pulmonary

embolism, pulmonary hypertension) and lung cancer
at any time before cohort entry. As markers of general
health, we adjusted for common comorbidities (cancer
other than non-melanoma skin cancer, heart failure,
hypertension, arrhythmia, dyslipidaemia, non-
alcoholic fatty liver disease, hypothyroidism, gastro-
oesophageal reflux disease, obesity, sleep apnoea,
osteoarthritis, depression) and drugs prescribed in
the year before cohort entry (angiotensin converting
enzyme inhibitors, angiotensin receptor blockers, f
blockers, calcium channel blockers, thiazides, other
diuretics, antiarrhythmic agents, antiplatelet agents,
statins, proton pump inhibitors, non-steroidal anti-
inflammatory drugs, and opioids). As markers of health
seeking behaviour, we considered the uptake of cancer
screening (faecal occult blood testing or colonoscopy,
mammography, prostate specific antigen testing)
and influenza and pneumococcal vaccinations, all
measured in the year before cohort entry. Finally,
we considered season (winter (December-February),
spring (March-May), summer (June-August), and
fall/autumn (September-November)), as chronic
obstructive pulmonary disease exacerbations might be
influenced by seasonality, and calendar year (entered
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Table 1 | Baseline characteristics of glucagon-like peptide 1 (GLP-1) receptor agonist and sulfonylurea exposure groups before and after propensity
score weighting. Values are numbers (percentages) unless stated otherwise

Before weighting* After weighting*
GLP-1 receptor agonists Sulfonylureas GLP-1 receptor agonists  Sulfonylureas

Characteristics (n=1252) (n=14259) ASD (n=1252) (n=14259) ASD
Mean (SD) age, years 61.4(8.9) 66.7 (9.9) 0.56 61.4 (8.9 61.1(9.2) 0.04
Male sex 626 (50.0) 7887 (55.3) 0.11 626 (50.0) 7129 (50.0) 0.00
Year of cohort entry:

2007-10 312 (24.9) 5040 (35.3) 0.23 312 (24.9) 3493 (24.5) 0.01

2011-14 359 (28.7) 4891 (34.3) 0.12 359 (28.7) 3668 (25.7) 0.07

2015-19 581 (46.4) 4328 (30.4) 0.33 581 (46.4) 7098 (49.8) 0.07
Body mass index:

<30 75 (6.0) 4426 (31.0) 0.68 75 (6.0) 948 (6.6) 0.03

>30.0 1147 (91.6) 9594 (67.3) 0.63 1147 (91.6) 12960 (90.9) 0.03

Unknown 30 (2.4) 239 (1.7) 0.05 30 (2.4) 352 (2.5) 0.00
Smoking status:

Ever 1181 (94.3) 13446 (94.3) 0.00 1181 (94.3) 13412 (94.1) 0.01

Never 71(5.7) 813 (5.7) 0.00 71(5.7) 847 (5.9) 0.01

Unknown 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Haemoglobin A,

<7.0% 185 (14.8) 2244 (15.7) 0.03 185 (14.8) 2460 (17.3) 0.07

7.1-8.0% 267 (21.3) 3727 (26.1) 0.11 267 (21.3) 2558 (17.9) 0.09

»8.0% 780 (62.3) 7571 (53.1) 0.19 780 (62.3) 8952 (62.8) 0.01

Unknown 20 (1.6) 717 (5.0) 0.19 20 (1.6) 289 (2.0) 0.03
Alcohol related disorders 124 (9.9) 1664 (11.7) 0.06 124 (9.9) 1537 (10.8) 0.03
Mean (SD) duration of diabetes, years 10.4 (7.6) 5.5(5.2) 0.75 10.4 (7.6) 10.2 (7.5) 0.04
Type of antihyperglycaemic drugs:

Metformin 1040 (83.1) 11705 (82.1) 0.03 1040 (83.1) 11994 (84.1) 0.03

Thiazolidinedione 133 (10.6) 1084 (7.6) 0.11 133 (10.6) 1661 (11.6) 0.03

Meglitinides 10 (0.8) 78 (0.5) 0.03 10 (0.8) 134 (0.9) 0.02

a-glucosidase inhibitors 11 (0.9) 22(0.2) 0.10 11 (0.9) 66 (0.5) 0.05

Sodium-glucose co-transporter-2 116 (9.3) 131 (0.9) 0.39 116 (9.3) 1506 (10.6) 0.04
inhibitors

Insulin 671 (53.6) 806 (5.7) 1.23 671 (53.6) 7474 (52.4) 0.02
Peripheral vascular disease 244 (19.5) 2077 (14.6) 0.13 244 (19.5) 2625 (18.4) 0.03
Stroke 101 (8.1) 1239 (8.7) 0.02 101 (8.1) 1125 (7.9) 0.01
Myocardial infarction 210 (16.8) 2114 (14.8) 0.05 210 (16.8) 2411 (16.9) 0.00
Renal disease 304 (24.3) 3563 (25.0) 0.02 304 (24.3) 3259 (22.9) 0.03
Retinopathy 518 (41.4) 3200 (22.4) 0.41 518 (41.4) 5493 (38.5) 0.06
Neuropathy 456 (36.4) 3119 (21.9) 0.32 456 (36.4) 5082 (35.6) 0.02
Mean (SD) duration of COPD, years 7.0 (6.4) 7.6(7.2) 0.09 7.0 (6.4) 7.1(6.3) 0.02
Long acting B-agonist 682 (54.5) 7461 (52.3) 0.04 682 (54.5) 7644 (53.6) 0.02
Short acting B-agonist 898 (71.7) 9993 (70.1) 0.04 898 (71.7) 10517 (73.8) 0.05
Long acting anti-muscarinic 457 (36.5) 4931 (34.6) 0.04 457 (36.5) 5123 (35.9) 0.01
Short acting anti-muscarinic 111 (8.9) 1723 (12.1) 0.11 111 (8.9) 1560 (10.9) 0.07
Inhaled corticosteroids, 765 (61.1) 8390 (58.8) 0.05 765 (61.1) 8915 (62.5) 0.03
Oral corticosteroids, 458 (36.6) 5354 (37.5) 0.02 458 (36.6) 4969 (34.8) 0.04
Leukotriene antagonists, 112 (8.9) 648 (4.5) 0.18 112(8.9) 1048 (7.4) 0.06
Methylxanthines, 72 (5.8) 728 (5.1) 0.03 72 (5.8) 910 (6.4) 0.03
Respiratory antibiotics, 913 (72.9) 10013 (70.2) 0.06 913(72.9) 9835 (69.0) 0.09
Hospital admission for COPD 323 (25.8) 3955 (27.7) 0.04 323 (25.8) 3722 (26.1) 0.01
Pneumonia 48 (3.8) 850 (6.0) 0.10 48 (3.8) 660 (4.6) 0.04
Influenza 8 (0.6) 107 (0.8) 0.01 8 (0.6) 109 (0.8) 0.01
Asthma 833 (66.5) 8517 (59.7) 0.14 833 (66.5) 9633 (67.6) 0.02
Interstitial lung disease 32 (2.6) 427 (3.0) 0.03 32 (2.6) 290 (2.0) 0.04
Bronchiectasis 46 (3.7) 722 (5.1) 0.07 46 (3.7) 371 (2.6) 0.06
Pulmonary embolism 274 (21.9) 2544 (17.8) 0.10 274 (21.9) 2950 (20.7) 0.03
Pulmonary hypertension 24 (1.9) 246 (1.7) 0.01 24 (1.9) 212 (1.5) 0.03
Lung cancer 5(0.4) 227 (1.6) 0.12 5 (0.4) 53 (0.4) 0.01
FEV, (% predicted):

<30 32 (2.6) 503 (3.5) 0.06 32 (2.6) 399 (2.8) 0.02

30-80 698 (55.8) 8179 (57.4) 0.03 698 (55.8) 7768 (54.5) 0.03

>80 156 (12.5) 1678 (11.8) 0.02 156 (12.5) 1780 (12.5) 0.00

Unknown 366 (29.2) 3899 (27.3) 0.04 366 (29.2) 4312 (30.2) 0.02
FEV,-FVC ratio:

35 5 (0.4) 126 (0.9) 0.06 5(0.4) 47 (0.3) 0.01

35-59.9 110 (8.8) 2193 (15.4) 0.20 110 (8.8) 1202 (8.4) 0.01

=260 608 (48.6) 5943 (41.7) 0.14 608 (48.6) 6875 (48.2) 0.01

Unknown 529 (42.3) 5997 (42.1) 0.00 529 (42.3) 6136 (43.0) 0.02

(Continued)
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Table 1 | Continued

Before weighting*

After weighting*

GLP-1 receptor agonists Sulfonylureas GLP-1 receptor agonists  Sulfonylureas

Characteristics (n=1252) (n=14259) ASD (n=1252) (n=14259) ASD
Severity of dyspnoea:

None/mild 259 (20.7) 3496 (24.5) 0.09 259 (20.7) 2793 (19.6) 0.03

Moderate/severe 661 (52.8) 7144 (50.1) 0.05 661 (52.8) 7417 (52.0) 0.02

Unknown 332 (26.5) 3619 (25.4) 0.03 332 (26.5) 4049 (28.4) 0.04
Blood eosinophil count:

2% 380 (30.4) 4825 (33.8) 0.07 380 (30.4) 4707 (33.0) 0.06

2-4% 561 (44.8) 5873 (41.2) 0.07 561 (44.8) 6471 (45.4) 0.01

4% 265 (21.2) 2942 (20.6) 0.01 265 (21.2) 2486 (17.4) 0.09

Unknown 46 (3.7) 619 (4.3) 0.03 46 (3.7) 595 (4.2) 0.03
Cancert 115 (9.2) 1940 (13.6) 0.14 115 (9.2) 1120 (7.9) 0.05
Heart failure 242 (19.3) 2684 (18.8) 0.01 242 (19.3) 3034 (21.3) 0.05
Hypertension 1065 (85.1) 11170(78.3) 0.17 1065 (85.1) 12199 (85.6) 0.01
Arrhythmia 256 (20.4) 3333 (23.4) 0.07 256 (20.4) 2742 (19.2) 0.03
Dyslipidaemia 690 (55.1) 6373 (44.7) 0.21 690 (55.1) 8033 (56.3) 0.02
Non-alcoholic fatty liver disease 74 (5.9) 403 (2.8) 0.15 74 (5.9) 883 (6.2) 0.01
Hypothyroidism 210 (16.8) 1924 (13.5) 0.09 210 (16.8) 2571 (18.0) 0.03
Gastro-oesophageal reflux disease 407 (32.5) 3701 (26.0) 0.14 407 (32.5) 4561 (32.0) 0.01
Sleep apnoea 339 (27.1) 1248 (8.8) 0.49 339 (27.1) 4420 (31.0) 0.09
Osteoarthritis 592 (47.3) 6180 (43.3) 0.08 592 (47.3) 6744 (47.3) 0.00
Depression 737 (58.9) 6488 (45.5) 0.27 737 (58.9) 8493 (59.6) 0.01
Angiotensin converting enzyme 658 (52.6) 6758 (47.4) 0.10 658 (52.6) 7314 (51.3) 0.03
inhibitors
Angiotensin receptor blockers 295 (23.6) 2684 (18.8) 0.12 295 (23.6) 3055 (21.4) 0.05
f blockers 315 (25.2) 3447 (24.2) 0.02 315 (25.2) 3760 (26.4) 0.03
Calcium channel blockers 476 (38.0) 4996 (35.0) 0.06 476 (38.0) 5554 (39.0) 0.02
Diuretics 558 (44.6) 5522 (38.7) 0.12 558 (44.6) 6206 (43.5) 0.02
Antiarrhythmic agents 74 (5.9) 783 (5.5) 0.02 74 (5.9) 771 (5.4) 0.02
Antiplatelet agents 151 (12.1) 1565 (11.0) 0.03 151 (12.1) 1912 (13.4) 0.04
Statins 1062 (84.8) 11052 (77.5) 0.19 1062 (84.8) 12015 (84.3) 0.02
Proton pump inhibitors 728 (58.1) 7422 (52.1) 0.12 728 (58.1) 8475 (59.4) 0.03
Non-steroidal anti-inflammatory drugs 767 (61.3) 7932 (55.6) 0.11 767 (61.3) 8725 (61.2) 0.00
Opioids 762 (60.9) 7299 (51.2) 0.20 762 (60.9) 8543 (59.9) 0.02
Faecal occult blood testing or 200 (16.0) 1945 (13.6) 0.07 200 (16.0) 2214 (15.5) 0.01
colonoscopy
Mammography 120 (9.6) 1033 (7.2) 0.08 120 (9.6) 1292 (9.1) 0.02
Prostate specific antigen testing 89 (7.1) 1196 (8.4) 0.05 89 (7.1) 1096 (7.7) 0.02
Influenza vaccination 409 (32.7) 5900 (41.4) 0.18 409 (32.7) 4733 (33.2) 0.01
Pneumococcal vaccination 52 (4.2) 706 (5.0) 0.04 52 (4.2) 546 (3.8) 0.02
Season:

Spring 281 (22.4) 3702 (26.0) 0.08 281 (22.4) 3291 (23.1) 0.02

Summer 334 (26.7) 3515 (24.7) 0.05 334 (26.7) 3789 (26.6) 0.00

Autumn/fall 358 (28.6) 3602 (25.3) 0.08 358 (28.6) 3845 (27.0) 0.04

Winter 279 (22.3) 3440 (24.1) 0.04 279 (22.3) 3334 (23.4) 0.03

ASD=absolute standardised difference; COPD=chronic obstructive pulmonary disease; FEV,=forced expiratory volume in the first second; FVC=forced vital capacity; SD=standard deviation.
*Weighted using propensity score fine stratification within study populations with overlapping propensity scores.
tExcludes lung cancer and non-melanoma skin cancer.

as a categorical variable) at cohort entry to adjust for
potential variations in trends in the treatment of type
2 diabetes and chronic obstructive pulmonary disease
during the study period. Variables with missing values
(body mass index, smoking, haemoglobin A, , FEV,,
FEV, to forced vital capacity ratio, and eosinophil
count) were modelled with an unknown category.

Statistical analysis

We used propensity score fine stratification to adjust
for confounding.®> In each new user cohort, we
estimated the predicted probability of receiving the
study drugs of interest (GLP-1 receptor agonist, DPP-
4 inhibitor, or SGLT-2 inhibitor) versus a sulfonylurea
by using multivariable logistic regression models
conditional on the covariates listed above. After

trimming patients in the non-overlapping regions
of the propensity score distributions, we created 50
strata based on the propensity score distribution of
the patients who received the study drugs. Within
each stratum, patients in the GLP-1 receptor agonist,
DPP-4 inhibitor, and SGLT-2 inhibitor groups received
a weight of one, whereas patients in the sulfonylurea
group were reweighted in proportion to the number
exposed in the corresponding stratum. This method
aims to balance the covariate distribution within each
stratum, and the estimand generated by this approach
is the average treatment effect among treated patients.

We used descriptive statistics to summarise the
baseline characteristics of the exposure groups before
and after propensity score weighting. We calculated
absolute standardised differences to assess covariate
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Table 2 | Relative risks for severe and moderate exacerbation of chronic obstructive pulmonary disease comparing glucagon-like peptide 1 (GLP-1)

receptor agonists with sulfonylureas

Patients Events Person years Incidence rate (95% Cl)*t Crude HR or RR% Weighted HR or RR* (95% CI)t
Time to first exacerbation
Severe exacerbations:
Sulfonylureas 14259 1261 24126 5.0 (4.7 t05.3) 1.00 1.00 (reference)
GLP-1 receptor agonists 1252 64 1853 3.5 (2.7 to 4.4) 0.64 0.70 (0.49 t0 0.99)
Moderate exacerbations:
Sulfonylureas 14259 909 22718 5.4 (5.0t05.7) 1.00 1.00 (reference)
GLP-1 receptor agonists 1252 58 1765 3.3 (2.5t0 4.3) 0.79 0.63 (0.43 t0 0.94)
No of exacerbations
Severe exacerbations:
Sulfonylureas 14259 2053 25765 7.9 (7.5 10 8.3) 1.00 1.00 (reference)
GLP-1 receptor agonists 1252 89 1913 4.7 (3.8t05.7) 0.58 0.59 (0.37 t0 0.94)
Moderate exacerbations:
Sulfonylureas 14259 1482 24126 7.8 (7.4108.2) 1.00 1.00 (reference)
GLP-1 receptor agonists 1252 75 1853 4.1 (3.2t05.1) 0.66 0.52 (0.34 t0 0.80)

Cl=confidence interval; HR=hazard ratio; RR=rate ratio.

*Per 100 person years.

tWeighted using propensity score fine stratification.

$HR for time to first exacerbation; RR for number of exacerbations.
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Cumulative incidence of

severe COPD exacerbation (%)

10

%

No at risk
Sulfonylureas
14259

GLP-1 RAs
1252

balance, with differences less than 0.10 indicating
good balance between the exposure groups.>* We
calculated incidence rates of chronic obstructive
pulmonary disease exacerbation with 95% confidence
intervals based on the Poisson distribution for each
exposure group. Additionally, we plotted weighted
Kaplan-Meier curves for each exposure group to
show the cumulative incidence of chronic obstructive
pulmonary disease exacerbation over the follow-up
period. We fitted weighted Cox proportional hazards
models to estimate hazard ratios with 95% confidence
intervals, using robust variance estimators, of incident
severe and moderate chronic obstructive pulmonary
disease exacerbation, comparing GLP-1 receptor
agonists, DPP-4 inhibitors, and SGLT-2 inhibitors,
separately, with sulfonylureas. We also calculated
the number needed to treat to prevent one severe
chronic obstructive pulmonary disease exacerbation
event after one and five years of use by using the
Kaplan-Meier method.* Finally, we used weighted

—— Sulfonylureas
GLP-1 RAs

4 6 8 10
Duration of follow-up (years)

2972 907 410 121 40

294 98 40 14 3

Fig 2 | Weighted cumulative incidence curves of severe chronic obstructive pulmonary
disease (COPD) exacerbations in glucagon-like peptide-1 receptor agonist (GLP-1 RA)

versus sulfonylurea cohort
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Poisson regression to estimate rate ratios with 95%
confidence intervals for count of severe and moderate
exacerbations chronic obstructive pulmonary disease,
with log of follow-up time as the offset.

Secondary analyses

We did four secondary analyses in each of the three
cohorts described above. Firstly, we assessed whether
a duration-response relation (duration of use <1 year,
1-2 years, >2 years) existed between the use of the study
drugs (GLP-1 receptor agonists, DPP-4 inhibitors, and SG
LT-2 inhibitors, separately) and the incidence of severe
chronic obstructive pulmonary disease exacerbation.
Secondly, we assessed whether the association varied
with individual drugs within each study drug class. We
restricted this analysis to those drugs with sufficient
person time to yield stable estimates. Thirdly, we
assessed potential effect measure modification by age
(<75 and =75 years), sex, history of asthma, severity
of dyspnoea, and predicted FEV, (<30%, 30-50%, 51-
80%, >80%). We assessed effect measure modification
on a multiplicative scale by including interaction terms
between the exposure variable and these variables
in the models. Finally, given that our cohort extended
over a 14 year period, we examined whether a potential
period effect on the findings was present. For this
analysis, we modelled the hazard ratio according to year
of cohort entry year as a continuous variable by using
restricted cubic splines (five knots at the 5th, 27.5th,
50th, 72.5th, and 95th centiles).

Sensitivity analyses

We did four sensitivity analyses to assess the
robustness of the findings for the primary outcome.
Firstly, we varied the grace period between consecutive
prescriptions to 30 and 90 days. Secondly, we used
time varying inverse probability of censoring weighting
to account for potential informative censoring due to
discontinuation or switching between the exposure
groups, administrative censoring, and competing risk
by death.?*>® This involved taking the product of the
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Linkable patients with at least one prescription for antihyperglycaemic
drug between 1 January 2007 and 31 December 2019

!

Users of DPP-4 inhibitors or sulfonylureas

£ 9867
Combination use of study drugs at cohort entry
{ 546 206
Users of DPP-4 inhibitors or sulfonylureas
{ 8 )}
(§ 426 935 §119 271
Users of sulfonylureas Users of DPP-4 inhibitors
t 408 355 (ED
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20997 <40 years of age

108 637 <1 year of medical history
221 Date inconsistencies

268 660 Without previous COPD

9378 Previous use of sulfonylureas
125 Previous use of GLP-1 RAs
335 Previous end stage renal disease
2 No follow-up

{18 580

New users of sulfonylureas

!

f 18 204

New users of sulfonylureas after trimming

6113 <40 years of age
25 398 <1 year of medical history
43 Date inconsistencies
78 657 Without previous COPD
2 Previous use of sulfonylureas
113 Previous use of GLP-1 RAs
189 Previous end stage renal disease
0 No follow-up

£ 8756

New users of DPP-4 inhibitors

|

New users of DPP-4 inhibitors after trimming

Fig 3 | Study flow diagram of patients starting sulfonylureas or dipeptidyl peptidase-4 (DPP-4) inhibitors in UK Clinical Practice Research Datalink
between 2007 and 2019. COPD=chronic obstructive pulmonary disease

weights calculated from the conditional probabilities of
treatment discontinuation or switching, administrative
censoring, and death by using the covariates listed
above. Thirdly, we used multiple imputation to
examine the effect of missing data on our results. We
fitted multiple regression models to impute variables
with missing information and then combined the
datasets by using Rubin’s rules.**!' Finally, we
repeated the analyses using herpes zoster as a negative
control outcome to assess the impact of residual
confounding. This outcome has been associated with
type 2 diabetes*® but not with the drugs of interest.
This analysis was based on the same cohorts as the
ones used in the primary analysis but also excluded
patients found to have herpes zoster at any time before
cohort entry. We used SAS version 9.4 for all analyses.

Patient and public involvement

Our study was a secondary data analysis and did not
include patients as study participants. No patients
were involved in setting the research question or the
outcome measures, and nor were they involved in
the design and implementation of the study. This is
because no specific funding had been allocated for

this purpose. Moreover, CPRD data are not publicly
available, and the analysis plan required specialised
training.

Results

GLP-1 receptor agonists versus sulfonylureas
Overall, 1252 patients starting GLP-1 receptor agonists
and 14259 starting sulfonylureas were included in
the first cohort (fig 1). This cohort was followed for a
median of 1.0 (interquartile range 0.4-2.3) years. The
most common reason for the end of follow-up was drug
discontinuation or switching (supplementary table
A). A total of 1325 incident events of severe COPD
exacerbations occurred during 25979 person years
of follow-up, yielding a crude incidence rate of 5.1
(95% confidence interval 4.8 to 5.4) per 100 person
years. Before propensity score weighting, patients
starting GLP-1 receptor agonists were younger, were
more likely to be obese, had elevated haemoglobin
A, levels, had a longer duration of diabetes, and had
a higher prevalence of microvascular complications of
diabetes compared with those starting sulfonylureas
(table 1). The exposure groups were well balanced
across all covariates after propensity score weighting.
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Table 3 | Baseline characteristics of dipeptidyl peptidase 4 (DPP-4) inhibitor and sulfonylurea exposure groups before and after propensity score
weighting. Values are numbers (percentages) unless stated otherwise

Before weighting* After weighting*
DPP-4 inhibitors Sulfonylureas DPP-4 inhibitors Sulfonylureas

Characteristics (n=8731) (n=18204) ASD (n=8731) (n=18204) ASD
Mean (SD) age, years 69.3 (10.7) 69.4 (10.6) 0.01 69.3 (10.7) 68.8 (10.7) 0.05
Male sex 4836 (55.4) 10363 (56.9) 0.03 4836 (55.4) 10044 (55.2) 0.00
Year of cohort entry:

2007-10 767 (8.8) 7108 (39.0) 0.76 767 (8.8) 1582 (8.7) 0.00

2011-14 2183 (25.0) 6270 (34.4) 0.21 2183 (25.0) 4518 (24.8) 0.00

2015-19 5781 (66.2) 4826 (26.5) 0.87 5781 (66.2) 12104 (66.5) 0.01
Body mass index:

<30 3068 (35.1) 8193 (45.0) 0.20 3068 (35.1) 6249 (34.3) 0.02

>30.0 5576 (63.9) 9759 (53.6) 0.21 5576 (63.9) 11783 (64.7) 0.02

Unknown 87 (1.0) 252 (1.4) 0.04 87 (1.0) 171 (0.9) 0.01
Smoking status:

Ever 8212 (94.1) 17059 (93.7) 0.01 8212 (94.1) 17159 (94.3) 0.01

Never 515 (5.9) 1135 (6.2) 0.01 515 (5.9) 1041 (5.7) 0.01

Unknown 4 (0.0) 10 (0.1) 0.00 4 (0.0) 4 (0.0) 0.01
Haemoglobin A,

<7.0% 1318 (15.1) 3012 (16.5) 0.04 1318 (15.1) 2736 (15.0) 0.00

7.1-8.0% 2920 (33.4) 4847 (26.6) 0.15 2920 (33.4) 5916 (32.5) 0.02

»8.0% 4429 (50.7) 9345 (51.3) 0.01 4429 (50.7) 9397 (51.6) 0.02

Unknown 64 (0.7) 1000 (5.5) 0.28 64 (0.7) 154 (0.8) 0.01
Alcohol related disorders 966 (11.1) 1970 (10.8) 0.01 966 (11.1) 2024 (11.1) 0.00
Mean (SD) duration of diabetes, years 7.7 (6.8) 5.3 (5.3) 0.39 7.7 (6.8) 7.4 (6.5) 0.04
Type of antihyperglycaemic drugs:

Metformin 7400 (84.8) 14332 (78.7) 0.16 7400 (84.8) 15775 (86.7) 0.05

Thiazolidinedione 545 (6.2) 1165 (6.4) 0.01 545 (6.2) 1210 (6.6) 0.02

Meglitinides 54 (0.6) 87 (0.5) 0.02 54 (0.6) 136 (0.7) 0.02

a-glucosidase inhibitors 15 (0.2) 25(0.1) 0.01 15 (0.2) 33(0.2) 0.00

Sodium-glucose co-transporter-2 243 (2.8) 104 (0.6) 0.17 243 (2.8) 494 (2.7) 0.00
inhibitors

Insulin 1016 (11.6) 800 (4.4) 0.27 1016 (11.6) 2000 (11.0) 0.02
Peripheral vascular disease 1484 (17.0) 2762 (15.2) 0.05 1484 (17.0) 3008 (16.5) 0.01
Stroke 892 (10.2) 1895 (10.4) 0.01 892 (10.2) 1856 (10.2) 0.00
Myocardial infarction 1349 (15.5) 2907 (16.0) 0.01 1349 (15.5) 2737 (15.0) 0.01
Renal disease 2765 (31.7) 5244 (28.8) 0.06 2765 (31.7) 5496 (30.2) 0.03
Retinopathy 2605 (29.8) 4009 (22.0) 0.18 2605 (29.8) 5279 (29.0) 0.02
Neuropathy 2237 (25.6) 3849 (21.1) 0.11 2237 (25.6) 4588 (25.2) 0.01
Mean (SD) duration of COPD, years 8.3 (7.6) 8.0 (7.6) 0.05 8.3 (7.6) 8.2 (7.6) 0.01
Long acting B-agonist 4682 (53.6) 9480 (52.1) 0.03 4682 (53.6) 9734 (53.5) 0.00
Short acting B-agonist 6009 (68.8) 12724 (69.9) 0.02 6009 (68.8) 12587 (69.1) 0.01
Long acting anti-muscarinic 3454 (39.6) 6210 (34.1) 0.11 3454 (39.6) 7160 (39.3) 0.00
Short acting anti-muscarinic 537 (6.2) 2506 (13.8) 0.26 537 (6.2) 1129 (6.2) 0.00
Inhaled corticosteroids, 4979 (57.0) 10793 (59.3) 0.05 4979 (57.0) 10385 (57.0) 0.00
Oral corticosteroids, 3166 (36.3) 7112 (39.1) 0.06 3166 (36.3) 6541 (35.9) 0.01
Leukotriene antagonists, 406 (4.7) 724 (4.0) 0.03 406 (4.7) 829 (4.6) 0.00
Methylxanthines, 343 (3.9) 987 (5.4) 0.07 343 (3.9) 722 (4.0) 0.00
Respiratory antibiotics, 5848 (67.0) 12948 (71.1) 0.09 5848 (67.0) 12173 (66.9) 0.00
Hospital admission for COPD 2346 (26.9) 5531 (30.4) 0.08 2346 (26.9) 4826 (26.5) 0.01
Pneumonia 586 (6.7) 1390 (7.6) 0.04 586 (6.7) 1251 (6.9) 0.01
Influenza 57 (0.7) 161 (0.9) 0.03 57 (0.7) 114 (0.6) 0.00
Asthma 5123 (58.7) 10819 (59.4) 0.02 5123 (58.7) 10712 (58.8) 0.00
Interstitial lung disease 259 (3.0) 661 (3.6) 0.04 259 (3.0) 553 (3.0) 0.00
Bronchiectasis 504 (5.8) 1016 (5.6) 0.01 504 (5.8) 1082 (5.9) 0.01
Pulmonary embolism 1880 (21.5) 3435 (18.9) 0.07 1880 (21.5) 3825 (21.0) 0.01
Pulmonary hypertension 214 (2.5) 356 (2.0) 0.03 214 (2.5) 401 (2.2) 0.02
Lung cancer 113(1.3) 487 (2.7) 0.10 113(1.3) 235 (1.3) 0.00
FEV, (% predicted):

<30 257 (2.9) 715 (3.9) 0.05 257 (2.9) 543 (3.0) 0.00

30-80 5060 (58.0) 10478 (57.6) 0.01 5060 (58.0) 10631 (58.4) 0.01

>80 1233 (14.1) 2032 (11.2) 0.09 1233 (14.1) 2601 (14.3) 0.00

Unknown 2181 (25.0) 4979 (27.4) 0.05 2181 (25.0) 4429 (24.3) 0.02
FEV,-FVC ratio:

<35 64 (0.7) 235 (1.3) 0.06 64 (0.7) 133(0.7) 0.00

35-59.9 1406 (16.1) 3101 (17.0) 0.03 1406 (16.1) 2906 (16.0) 0.00

>60 4122 (47.2) 7116 (39.1) 0.16 4122 (47.2) 8718 (47.9) 0.01

Unknown 3139 (36.0) 7752 (42.6) 0.14 3139 (36.0) 6448 (35.4) 0.01

(Continued)
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Table 3 | Continued

Before weighting*

After weighting*

DPP-4 inhibitors Sulfonylureas DPP-4 inhibitors Sulfonylureas

Characteristics (n=8731) (n=18204) ASD (n=8731) (n=18204) ASD
Severity of dyspnoea:

None/mild 2617 (30.0) 4369 (24.0) 0.13 2617 (30.0) 5566 (30.6) 0.01

Moderate/severe 4486 (51.4) 9323 (51.2) 0.00 4486 (51.4) 9297 (51.1) 0.01

Unknown 1628 (18.6) 4512 (24.8) 0.15 1628 (18.6) 3342 (18.4) 0.01
Blood eosinophil count:

2% 2860 (32.8) 6476 (35.6) 0.06 2860 (32.8) 5919 (32.5) 0.01

2-4% 3695 (42.3) 7200 (39.6) 0.06 3695 (42.3) 7839 (43.1) 0.01

4% 2016 (23.1) 3772 (20.7) 0.06 2016 (23.1) 4113 (22.6) 0.01

Unknown 160 (1.8) 756 (4.2) 0.14 160 (1.8) 333(1.8) 0.00
Cancert 1330 (15.2) 2844 (15.6) 0.01 1330 (15.2) 2664 (14.6) 0.02
Heart failure 1780 (20.4) 3819 (21.0) 0.01 1780 (20.4) 3555 (19.5) 0.02
Hypertension 7272 (83.3) 14172 (77.9) 0.14 7272 (83.3) 15073 (82.8) 0.01
Arrhythmia 2432 (27.9) 4951 (27.2) 0.01 2432 (27.9) 4853 (26.7) 0.03
Dyslipidaemia 4474 (51.2) 8003 (44.0) 0.15 4474 (51.2) 9284 (51.0) 0.00
Non-alcoholic fatty liver disease 334 (3.8) 421 (2.3) 0.09 334 (3.8) 714 (3.9) 0.00
Hypothyroidism 1375 (15.7) 2409 (13.2) 0.07 1375 (15.7) 2790 (15.3) 0.01
Gastro-oesophageal reflux disease 2567 (29.4) 4596 (25.2) 0.09 2567 (29.4) 5346 (29.4) 0.00
Sleep apnoea 935 (10.7) 1264 (6.9) 0.13 935 (10.7) 2019 (11.1) 0.01
Osteoarthritis 4155 (47.6) 7914 (43.5) 0.08 4155 (47.6) 8523 (46.8) 0.02
Depression 3998 (45.8) 7756 (42.6) 0.06 3998 (45.8) 8558 (47.0) 0.02
Angiotensin converting enzyme inhibitors 4091 (46.9) 8487 (46.6) 0.00 4091 (46.9) 8424 (46.3) 0.01
Angiotensin receptor blockers 1844 (21.1) 3306 (18.2) 0.07 1844 (21.1) 3826 (21.0) 0.00
B blockers 2582 (29.6) 4439 (24.4) 0.12 2582 (29.6) 5301 (29.1) 0.01
Calcium channel blockers 3295 (37.7) 6410 (35.2) 0.05 3295 (37.7) 6769 (37.2) 0.01
Diuretics 3372 (38.6) 7392 (40.6) 0.04 3372 (38.6) 6859 (37.7) 0.02
Antiarrhythmic agents 457 (5.2) 1033 (5.7) 0.02 457 (5.2) 969 (5.3) 0.00
Antiplatelet agents 1118(12.8) 2151 (11.8) 0.03 1118(12.8) 2295 (12.6) 0.01
Statins 7125 (81.6) 13829 (76.0) 0.14 7125 (81.6) 14846 (81.6) 0.00
Proton pump inhibitors 4860 (55.7) 9674 (53.1) 0.05 4860 (55.7) 10100 (55.5) 0.00
Non-steroidal anti-inflammatory drugs 4502 (51.6) 10145 (55.7) 0.08 4502 (51.6) 9369 (51.5) 0.00
Opioids 4143 (47.5) 9087 (49.9) 0.05 4143 (47.5) 8623 (47.4) 0.00
Faecal occult blood testing or colonoscopy 1604 (18.4) 2208 (12.1) 0.17 1604 (18.4) 3364 (18.5) 0.00
Mammography 610 (7.0) 1100 (6.0) 0.04 610 (7.0) 1312 (7.2) 0.01
Prostate specific antigen testing 851 (9.7) 1706 (9.4) 0.01 851 (9.7) 1757 (9.7) 0.00
Influenza vaccination 1524 (17.5) 8166 (44.9) 0.62 1524 (17.5) 3169 (17.4) 0.00
Pneumococcal vaccination 353 (4.0) 845 (4.6) 0.03 353 (4.0) 742 (4.1) 0.00
Season:

Spring 2335 (26.7) 4864 (26.7) 0.00 2335 (26.7) 4850 (26.6) 0.00

Summer 2166 (24.8) 4437 (24.4) 0.01 2166 (24.8) 4544 (25.0) 0.00

Autumn/fall 2164 (24.8) 4411 (24.2) 0.01 2164 (24.8) 4484 (24.6) 0.00

Winter 2066 (23.7) 4492 (24.7) 0.02 2066 (23.7) 4326 (23.8) 0.00

ASD=absolute standardised difference; COPD=chronic obstructive pulmonary disease; FEV =forced expiratory volume in the first second; FVC=forced vital capacity; SD=standard deviation.
*Weighted using propensity score fine stratification within study populations with overlapping propensity scores.
tExcludes lung cancer and non-melanoma skin cancer.
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Table 2 shows the results of the GLP-1 receptor
agonist versus sulfonylurea analyses. Overall, GLP-1
receptor agonists were associated with a 30% lower
risk of a severe exacerbation of chronic obstructive
pulmonary disease compared with sulfonylureas
(3.5 v 5.0 events per 100 person years; hazard ratio
0.70, 95% confidence interval 0.49 to 0.99). The
cumulative incidence curves diverged after around
eight months of use (fig 2), and the number needed
to treat corresponded to 79 and 11 patients to
prevent one severe chronic obstructive pulmonary
disease exacerbation event after one and five years
of use, respectively. GLP-1 receptor agonists were
also associated with a decreased risk of a moderate
exacerbation of chronic obstructive pulmonary disease
(hazard ratio 0.63, 0.43 to 0.94). Similarly, GLP-1
receptor agonists were associated with a lower rate of
severe exacerbation (4.7 v 7.9 events per 100 person

years; rate ratio 0.59, 95% confidence interval 0.37 to
0.94) and moderate exacerbation (4.1 v 7.8 events per
100 person years; 0.52, 0.34 to 0.80), compared with
sulfonylureas.

The results of the secondary analyses are shown
in supplementary figure A. In the duration-response
analysis, use of GLP-1 receptor agonists for more than
two years were associated with a lower risk of severe
chronic obstructive pulmonary disease exacerbation
(hazard ratio 0.37, 0.16 to 0.82). With respect to drug
specific effects, liraglutide, the most prescribed GLP-
1 receptor agonist in our cohort, generated a hazard
ratio below the null but with a wide confidence interval
(hazard ratio 0.81, 0.51 to 1.27). We observed no effect
measure modification on a multiplicative scale for age,
sex, severity of dyspnoea, or predicted FEV,. However,
patients with a history of asthma had a 37% lower
risk of severe chronic obstructive pulmonary disease
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Table 4 | Relative risks for severe and moderate exacerbation of chronic obstructive pulmonary disease comparing dipeptidyl peptidase 4 (DPP-4)
inhibitors with sulfonylureas

Patients Events Person years Incidence rate (95% CI) *t Crude HR or RR% Weighted HR or RR* (95% CI)t
Time to first exacerbation
Severe exacerbations:
Sulfonylureas 18204 1827 30537 5.1 (4.9t05.4) 1.00 1.00 (reference)
DPP-4 inhibitors 8731 611 13219 4.6 (4.31t05.0) 0.74 0.91 (0.82 t0 1.02)
Moderate exacerbations:
Sulfonylureas 18204 1136 28809 4.5 (4.31t04.8) 1.00 1.00 (reference)
DPP-4 inhibitors 8731 528 12604 4.2 (3.8104.6) 1.03 0.93(0.82t0 1.07)
No of exacerbations
Severe exacerbations:
Sulfonylureas 18204 2974 32737 7.2 (6.91t07.5) 1.00 1.00 (reference)
DPP-4 inhibitors 8731 904 13944 6.5 (6.11t06.9) 0.71 0.90 (0.80t0 1.03)
Moderate exacerbations:
Sulfonylureas 18204 1829 30537 6.4 (6.1t06.7) 1.00 1.00 (reference)
DPP-4 inhibitors 8731 764 13219 5.8 (5.4106.2) 0.97 0.91 (0.77 to 1.07)

Cl=confidence interval; HR=hazard ratio; RR=rate ratio.

* Per 100 person years.

1 Weighted using propensity score fine stratification.

+ HR for time to first exacerbation; RR for number of exacerbations.

Cumulative incidence of

severe COPD exacerbation (%)

exacerbation with GLP-1 receptor agonists, whereas
this association was not present in patients without
a history of asthma. The hazard ratio was below the
null for nearly all the study period, although with
wide confidence intervals owing to the few events in
each calendar year (supplementary figure B). Overall,
the findings generated by the sensitivity analyses
are consistent with the primary analysis, with all
confidence intervals overlapping with those from the
primary analysis (supplementary figure C).

DPP-4 inhibitors versus sulfonylureas

The second cohort included 8731 patients starting
DPP-4 inhibitors and 18204 starting sulfonylureas
(fig 3). This cohort was followed for a median of 1.0
(0.4-2.2) years. As with the GLP-1 receptor agonist
versus sulfonylurea cohort, the most common reason
for the end of follow-up was drug discontinuation or
switching (supplementary table B). A total of 2438
incident events of severe chronic obstructive pulmonary

N
o

—— Sulfonylureas
DPP-4 inhibitors

No at risk
Sulfonylureas

30

20

10
OO 2 4 6 8 10
Duration of follow-up (years)
18 204 4417 1271 351 89 16

DPP-4 inhibitors

8731 2330 696 210 57 11

Fig 4 | Weighted cumulative incidence curves of severe chronic obstructive pulmonary
disease (COPD) exacerbations in dipeptidyl peptidase-4 (DPP-4) inhibitor versus
sulfonylurea cohort
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disease exacerbations occurred during 43 756 person
years of follow-up, resulting in a crude incidence
rate of 5.6 (5.4 to 5.8) per 100 person years. Before
propensity score weighting, patients starting DPP-
4 inhibitors were more likely to be obese, were more
likely to have had diabetes for a longer period, and had
a higher prevalence of microvascular complications
compared with those starting sulfonylureas (table
3). The exposure groups were well balanced after
propensity score weighting.

Table 4 shows the results of the primary analysis.
DPP-4 inhibitors were associated with a small
decrease in the incidence of severe exacerbation of
chronic obstructive pulmonary disease, compared
with sulfonylureas, although the confidence interval
included the null value (4.6 v 5.1 events per 100 person
years; hazard ratio 0.91, 0.82 to 1.02). The cumulative
incidence curves diverged after around six months
of use but reconverged at around five years of follow-
up (fig 4). DPP-4 inhibitors were not associated with
a decreased risk of moderate exacerbation of chronic
obstructive pulmonary disease (4.2 v 4.5 events per
100 person years; hazard ratio 0.93, 0.82 to 1.07).
Furthermore, DPP-4 inhibitors were not associated
with a lower rate of severe (6.5 v 7.2 events per 100
person years; rate ratio 0.90, 0.80 to 1.03) or moderate
chronic obstructive pulmonary disease exacerbations
(5.8 v 6.4 events per 100 person years; 0.91, 0.77 to
1.07).

The results of the secondary analyses are shown
in supplementary figure D. The duration-response
analysis showed that the incidence of severe
exacerbation of chronic obstructive pulmonary disease
decreased by 23% between one and two years of use
(hazard ratio 0.77, 0.60 to 0.99), but this benefit
did not persist beyond two years of use. Although
alogliptin generated the lowest hazard ratio among
individual drugs (0.64, 0.46 to 0.89), its confidence
interval overlapped with others in the class. We
observed potential effect measure modification on a
multiplicative scale with history of asthma, but not

1
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Linkable patients with at least one prescription for antihyperglycaemic
drug between 1 January 2007 and 31 December 2019
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Fig 5 | Study flow diagram of patients starting sulfonylureas or sodium-glucose co-transporter-2 (SGLT-2) inhibitors in UK Clinical Practice Research
Datalink between 2013 and 2019. COPD=chronic obstructive pulmonary disease
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for age, sex, severity of dyspnoea, or predicted FEV .
The hazard ratios associated with DPP-4 inhibitors
remained close to the null value throughout the study
period (supplementary figure E). Finally, the sensitivity
analyses generated consistent results (supplementary
figure F).

SGLT-2 inhibitors versus sulfonylureas
The third cohort included 2956 patients starting SGLT-
2 inhibitors and 10841 starting sulfonylureas (fig 5).
This cohort was followed for a median of 0.9 (0.3-2.0)
years, and the most common reason for end of follow-up
was drug discontinuation or switching (supplementary
table C). During 19542 person years of follow-up,
1098 patients had a severe exacerbation of chronic
obstructive pulmonary disease (crude incidence rate
5.6 (5.3 to 6.0) per 100 person years). Before weighting,
SGLT-2 inhibitor users were more likely to be younger,
to be obese, and to have retinopathy but less likely to
have renal diseases than sulfonylurea users. The groups
were well balanced after weighting (table 5).

Table 6 shows the relative risks for the primary
analyses. SGLT-2 inhibitors were associated with

a decreased incidence of severe exacerbations of
chronic obstructive pulmonary disease (2.4 v 3.9
events per 100 person years; hazard ratio 0.62,
0.48 to 0.81), with the cumulative incidence curves
diverging around five months of follow-up, and
the numbers needed to treat were 78 and 31 at one
and five years, respectively (fig 6). Similarly, SGLT-2
inhibitors were associated with a decreased count
of severe exacerbations (3.2 v 5.4 events per 100
person years; rate ratio 0.59, 0.43 to 0.80). However,
we saw no association with moderate exacerbations,
whether considering the incidence (4.5 v 4.3 events
per 100 person years; hazard ratio 1.02, 0.83 to 1.27)
or count (5.9 v 5.9 events per 100 person years; rate
ratio 1.00, 0.79 to 1.26).

Supplementary figure G shows the results of
secondary analyses. We observed a 32% lower
incidence of chronic obstructive pulmonary disease
exacerbation during the first year of follow-up
(hazard ratio 0.68, 0.49 to 0.94). All three available
SGLT-2 inhibitors were associated with a reduced risk
of severe exacerbations. We saw no effect measure
modification on a multiplicative scale by age, sex,
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Table 5 | Baseline characteristics of sodium-glucose co-transporter-2 (SGLT-2) inhibitor and sulfonylurea exposure groups before and after propensity

score weighting. Values are numbers (percentages) unless stated otherwise

Before weighting*

After weighting*

SGLT-2 inhibitors

SGLT-2 inhibitors

Characteristics (n=2956) Sulfonylureas (n=10841) ASD (n=2956) Sulfonylureas (n=10841) ASD
Mean (SD) age, years 62.9 (9.0) 69.3 (10.6) 0.65 62.9 (9.0) 62.7 (9.1) 0.02
Male sex 1729 (58.5) 6106 (56.3) 0.04 1729 (58.5) 6290 (58.0) 0.01
Year of cohort entry:
2013-14 285 (9.6) 4035 (37.2) 0.69 285 (9.6) 889 (8.2) 0.05
2015-19 2671 (90.4) 6806 (62.8) 0.69 2671 (90.4) 9952 (91.8) 0.05
Body mass index:
<30 614 (20.8) 4716 (43.5) 0.50 614 (20.8) 2357 (21.7) 0.02
>30.0 2314 (78.3) 5981 (55.2) 0.51 2314 (78.3) 8396 (77.4) 0.02
Unknown 28 (0.9) 144 (1.3) 0.04 28 (0.9) 88 (0.8) 0.01
Smoking status:
Ever 2793 (94.5) 10227 (94.3) 0.01 2793 (94.5) 10272 (94.8) 0.01
Never 163 (5.5) 614 (5.7) 0.01 163 (5.5) 569 (5.2) 0.01
Unknown 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Haemoglobin A,
<7.0% 204 (6.9) 1561 (14.4) 0.24 204 (6.9) 819 (7.6) 0.03
7.1-8.0% 749 (25.3) 2522 (23.3) 0.05 749 (25.3) 2653 (24.5) 0.02
>8% 1995 (67.5) 6437 (59.4) 0.17 1995 (67.5) 7333 (67.6) 0.00
Unknown 8(0.3) 321 (3.0) 0.21 8 (0.3) 35(0.3) 0.01
Alcohol related disorders 410 (13.9) 1479 (13.6) 0.01 410 (13.9) 1439 (13.3) 0.02
Mean (SD) duration of diabetes, years 9.1 (6.9 6.7 (6.0) 0.37 9.1 (6.9) 8.5 (6.4) 0.09
Type of antihyperglycaemic drugs:
Metformin 2648 (89.6) 8204 (75.7) 0.37 2648 (89.6) 9808 (90.5) 0.03
Thiazolidinedione 127 (4.3) 286 (2.6) 0.09 127 (4.3) 544 (5.0) 0.03
Meglitinides 16 (0.5) 42 (0.4) 0.02 16 (0.5) 43 (0.4) 0.02
a-glucosidase inhibitors 5(0.2) 9(0.1) 0.02 5(0.2) 19(0.2) 0.00
Glucagon-like peptide 1 receptor agonists 337 (11.4) 239 (2.2) 0.37 337 (11.4) 1197 (11.0) 0.01
Dipeptidyl peptidase 4 inhibitors 972 (32.9) 2020 (18.6) 0.33 972 (32.9) 3964 (36.6) 0.08
Insulin 744 (25.2) 487 (4.5) 0.61 744 (25.2) 2484 (22.9) 0.05
Peripheral vascular disease 450 (15.2) 1727 (15.9) 0.02 450 (15.2) 1497 (13.8) 0.04
Stroke 200 (6.8) 1148 (10.6) 0.14 200 (6.8) 924 (8.5) 0.07
Myocardial infarction 408 (13.8) 1731 (16.0) 0.06 408 (13.8) 1387 (12.8) 0.03
Renal disease 378(12.8) 3081 (28.4) 0.39 378 (12.8) 1354 (12.5) 0.01
Retinopathy 969 (32.8) 2993 (27.6) 0.11 969 (32.8) 3141 (29.0) 0.08
Neuropathy 775 (26.2) 2476 (22.8) 0.08 775 (26.2) 2626 (24.2) 0.05
Mean (SD) duration of COPD, years 7.8(7.2) 8.3(7.7) 0.06 7.8(7.2) 7.9(7.1) 0.00
Long acting B-agonist 1588 (53.7) 5971 (55.1) 0.03 1588 (53.7) 5877 (54.2) 0.01
Short acting B-agonist 2012 (68.1) 7644 (70.5) 0.05 2012 (68.1) 7311 (67.4) 0.01
Long acting anti-muscarinic 1160 (39.2) 4396 (40.5) 0.03 1160 (39.2) 4272 (39.4) 0.00
Short acting anti-muscarinic 106 (3.6) 749 (6.9) 0.15 106 (3.6) 353 (3.3) 0.02
Inhaled corticosteroids, 1660 (56.2) 6313 (58.2) 0.04 1660 (56.2) 6073 (56.0) 0.00
Oral corticosteroids, 1033 (34.9) 4617 (42.6) 0.16 1033 (34.9) 3776 (34.8) 0.00
Leukotriene antagonists, 205 (6.9) 515 (4.8) 0.09 205 (6.9) 744 (6.9) 0.00
Methylxanthines, 108 (3.7) 506 (4.7) 0.05 108 (3.7) 391 (3.6) 0.00
Respiratory antibiotics, 1900 (64.3) 7666 (70.7) 0.14 1900 (64.3) 6854 (63.2) 0.02
Hospital admission for COPD 620 (21.0) 3699 (34.1) 0.30 620 (21.0) 2321 (21.4) 0.01
Pneumonia 87 (2.9) 1041 (9.6) 0.28 87 (2.9) 325 (3.0) 0.00
Influenza 12 (0.4) 388 (0.8) 0.05 12 (0.4) 38 (0.4) 0.01
Asthma 1776 (60.1) 6271 (57.8) 0.05 1776 (60.1) 6577 (60.7) 0.01
Interstitial lung disease 72 (2.4) 481 (4.4) 0.11 72 (2.4) 253 (2.3) 0.01
Bronchiectasis 134 (4.5) 748 (6.9) 0.10 134 (4.5) 438 (4.0) 0.02
Pulmonary embolism 545 (18.4) 2451 (22.6) 0.10 545 (18.4) 2044 (18.9) 0.01
Pulmonary hypertension 30 (1.0) 296 (2.7) 0.13 30 (1.0) 96 (0.9) 0.01
Lung cancer 30 (1.0) 323 (3.0) 0.14 30 (1.0) 112 (1.0) 0.00
FEV, (% predicted):
<30 53 (1.8) 382 (3.5) 0.11 53(1.8) 196 (1.8) 0.00
30-80 1711 (57.9) 6356 (58.6) 0.02 1711 (57.9) 6211 (57.3) 0.01
>80 435 (14.7) 1512 (13.9) 0.02 435 (14.7) 1616 (14.9) 0.01
Unknown 757 (25.6) 2591 (23.9) 0.04 757 (25.6) 2818 (26.0) 0.01
FEV,-FVC ratio:
<35 20(0.7) 158 (1.5) 0.08 20 (0.7) 81 (0.8) 0.01
35-59.9 374 (12.7) 1805 (16.6) 0.11 374 (12.7) 1385 (12.8) 0.00
260 1563 (52.9) 4990 (46.0) 0.14 1563 (52.9) 5661 (52.2) 0.01
Unknown 999 (33.8) 3888 (35.9) 0.04 999 (33.8) 3713 (34.3) 0.01
(Continued)
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Table 3 | Continued

Before weighting*

After weighting*

SGLT-2 inhibitors

SGLT-2 inhibitors

Characteristics (n=2956) Sulfonylureas (n=10841) ASD (n=2956) Sulfonylureas (n=10841) ASD
Severity of dyspnoea:
None/mild 1005 (34.0) 3204 (29.6) 0.10 1005 (34.0) 3660 (33.8) 0.01
Moderate/severe 1367 (46.2) 5689 (52.5) 0.12 1367 (46.2) 4980 (45.9) 0.01
Unknown 584 (19.8) 1948 (18.0) 0.05 584 (19.8) 2201 (20.3) 0.01
Blood eosinophil count:
2% 964 (32.6) 4050 (37.4) 0.10 964 (32.6) 3430 (31.6) 0.02
2-4% 1317 (44.6) 4344 (40.1) 0.09 1317 (44.6) 4961 (45.8) 0.02
4% 639 (21.6) 2249 (20.7) 0.02 639 (21.6) 2296 (21.2) 0.01
Unknown 36 (1.2) 198 (1.8) 0.05 36 (1.2) 153 (1.4) 0.02
Cancert 303 (10.3) 1914 (17.7) 0.21 303 (10.3) 1037 (9.6) 0.02
Heart failure 358 (12.1) 2295 (21.2) 0.25 358 (12.1) 1235 (11.4) 0.02
Hypertension 2392 (80.9) 8757 (80.8) 0.00 2392 (80.9) 8612 (79.4) 0.04
Arrhythmia 547 (18.5) 3113 (28.7) 0.24 547 (18.5) 2017 (18.6) 0.00
Dyslipidaemia 1509 (51.0) 5309 (49.0) 0.04 1509 (51.0) 5612 (51.8) 0.01
Non-alcoholic fatty liver disease 214 (7.2) 392 (3.6) 0.16 214 (7.2) 759 (7.0) 0.01
Hypothyroidism 448 (15.2) 1669 (15.4) 0.01 448 (15.2) 1543 (14.2) 0.03
Gastro-oesophageal reflux disease 924 (31.3) 3220 (29.7) 0.03 924 (31.3) 3378 (31.2) 0.00
Sleep apnoea 565 (19.1) 1058 (9.8) 0.27 565 (19.1) 2093 (19.3) 0.00
Osteoarthritis 1300 (44.0) 5039 (46.5) 0.05 1300 (44.0) 4660 (43.0) 0.02
Depression 1651 (55.9) 5191 (47.9) 0.16 1651 (55.9) 6034 (55.7) 0.00
Angiotensin converting enzyme inhibitors 1425 (48.2) 4771 (44.0) 0.08 1425 (48.2) 5268 (48.6) 0.01
Angiotensin receptor blockers 579 (19.6) 1918 (17.7) 0.05 579 (19.6) 2008 (18.5) 0.03
B blockers 781 (26.4) 3212 (29.6) 0.07 781 (26.4) 2704 (24.9) 0.03
Calcium channel blockers 990 (33.5) 3728 (34.4) 0.02 990 (33.5) 3488 (32.2) 0.03
Diuretics 804 (27.2) 4100 (37.8) 0.23 804 (27.2) 2908 (26.8) 0.01
Antiarrhythmic agents 156 (5.3) 560 (5.2) 0.01 156 (5.3) 668 (6.2) 0.04
Antiplatelet agents 299 (10.1) 1383 (12.8) 0.08 299 (10.1) 1113 (10.3) 0.00
Statins 2442 (82.6) 8258 (76.2) 0.16 2442 (82.6) 9011 (83.1) 0.01
Proton pump inhibitors 1669 (56.5) 6479 (59.8) 0.07 1669 (56.5) 6056 (55.9) 0.01
Non-steroidal anti-inflammatory drugs 1460 (49.4) 5373 (49.6) 0.00 1460 (49.4) 5145 (47.5) 0.04
Opioids 1474 (49.9) 5330 (49.2) 0.01 1474 (49.9) 5227 (48.2) 0.03
Faecal occult blood testing or colonoscopy 745 (25.2) 2148 (19.8) 0.13 745 (25.2) 2693 (24.8) 0.01
Mammography 247 (8.4) 695 (6.4) 0.07 247 (8.4) 882 (8.1) 0.01
Prostate specific antigen testing 248 (8.4) 1098 (10.1) 0.06 248 (8.4) 916 (8.5) 0.00
Influenza vaccination 57 (1.9) 454 (4.2) 0.13 57 (1.9) 222 (2.0) 0.01
Pneumococcal vaccination 135 (4.6) 420 (3.9) 0.03 135 (4.6) 458 (4.2) 0.02
Season:
Spring 759 (25.7) 3029 (27.9) 0.05 759 (25.7) 2724 (25.1) 0.01
Summer 729 (24.7) 2608 (24.1) 0.01 729 (24.7) 2618 (24.1) 0.01
Autumn/fall 760 (25.7) 2463 (22.7) 0.07 760 (25.7) 2736 (25.2) 0.01
Winter 708 (24.0) 2741 (25.3) 0.03 708 (24.0) 2763 (25.5) 0.04

ASD=absolute standardised difference; COPD=chronic obstructive pulmonary disease; FEV =forced expiratory volume in the first second; FVC=forced vital capacity; SD=standard deviation.
*Weighted using propensity score fine stratification within study populations with overlapping propensity scores.
tExcludes lung cancer and non-melanoma skin cancer.
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dyspnoea severity, predicted FEV, or history of
asthma. The hazard ratio remained below the null
value during most of the study period (supplementary
figure H). Overall, the results of the sensitivity
analyses were consistent with those of the primary
analyses (supplementary figure I).

Discussion

The results of this population based cohort study
indicate that, compared with sulfonylureas, GLP-
1 receptor agonists were associated with a reduced
risk of severe and moderate exacerbations of chronic
obstructive pulmonary disease among patients with
type 2 diabetes and chronic obstructive pulmonary
disease. By contrast, DPP-4 inhibitors were not
consistently associated with an overall lower risk of
these outcomes, and SGLT-2 inhibitors were associated
with a reduced risk of severe, but not moderate,

exacerbations. Overall, these findings remained robust
in several sensitivity analyses.

Comparison with previous studies

Our findings indicate that GLP-1 receptor agonists
are associated with a 30% lower risk of severe
exacerbation and a 37% lower risk of moderate
exacerbation, compared with sulfonylureas. These
results align with those of a recent study conducted
using the US IBM MarketScan Commercial Claims
Database.' In that study, GLP-1 receptor agonists
were associated with a decreased risk of severe
respiratory disease exacerbations in patients with
concomitant type 2 diabetes and chronic lower
respiratory diseases (hazard ratio 0.52, 0.32 to 0.85).
However, the active comparator in that study was
DPP-4 inhibitors, drugs that may not have a neutral
effect on exacerbations. Furthermore, the cohort
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Table 6 | Relative risks for severe and moderate exacerbation of chronic obstructive pulmonary disease comparing sodium-glucose co-transporter-2

(SGLT-2) inhibitors with sulfonylureas

Patients Events Person years Incidence rate (95% CI)*t Crude HR or RR¥  Weighted HR or RR% (95% CI)t
Time to first exacerbation
Severe exacerbations:
Sulfonylureas 10841 1006 15740 3.9 (3.6104.2) 1.00 1.00 (reference)
SGLT-2 inhibitors 2956 92 3803 2.4 (2.0t03.0) 0.36 0.62 (0.48t0 0.81)
Moderate exacerbations:
Sulfonylureas 10841 704 14 860 4.3 (4.0t0 4.7) 1.00 1.00 (reference)
SGLT-2 inhibitors 2956 162 3629 4.5(3.8t05.2) 0.91 1.02 (0.83 10 1.27)
No of exacerbations
Severe exacerbations:
Sulfonylureas 10841 1586 16816 5.4(5.1t05.8) 1.00 1.00 (reference)
SGLT-2 inhibitors 2956 125 3911 3.2(.7t03.8) 0.34 0.59 (0.43 t0 0.80)
Moderate exacerbations:
Sulfonylureas 10841 1021 15740 5.9 (5.5t06.3) 1.00 1.00 (reference)
SGLT-2 inhibitors 2956 224 3803 5.9(5.2t06.7) 0.91 1.00 (0.79t0 1.26)

Cl=confidence interval; HR=hazard ratio; RR=rate ratio.

*Per 100 person years.

tWeighted using propensity score fine stratification.
$HR for time to first exacerbation; RR for number of exacerbations.
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included patients with either chronic obstructive
pulmonary disease or asthma, two different disease
entities. Finally, the study truncated the follow-up to
one year, whereas our study followed patients for up
to 14 years.

With respect to DPP-4 inhibitors, we observed
a numerically lower risk of chronic obstructive
pulmonary disease exacerbations, with confidence
intervals around all effect estimates including the
null value. A previous Taiwanese nested case-control
study conducted among patients with both type 2
diabetes and chronic obstructive pulmonary disease
found that DPP-4 inhibitors were not associated
with a decreased risk of exacerbation (odds ratio
1.13, 0.92 to 1.40)."> However, that study had some
limitations, including use of a comparator group
consisting of various antihyperglycaemic drugs and
not matching on the duration of follow-up, which can
introduce confounding and potential time window
bias.”> To date, the effectiveness of SGLT-2 inhibitors

—— Sulfonylureas
SGLT-2 inhibitors

2 4 6 8
Duration of follow-up (years)

2411 564 35 0

636 166 12 0

Fig 6 | Weighted cumulative incidence curves of severe chronic obstructive pulmonary
disease (COPD) exacerbations in sodium-glucose co-transporter-2 inhibitor (SGLT-2)

versus sulfonylurea cohort
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in preventing exacerbations of chronic obstructive
pulmonary disease has not been investigated in
observational studies.

By contrast to previous work, our study was
specifically designed to assess the effects of novel
antihyperglycaemic drugs among patients with type 2
diabetes and chronic obstructive pulmonary disease.
In addition, we defined exacerbations by using codes
for chronic obstructive pulmonary disease, avoiding
potential outcome misclassification with regard to
exacerbations due to chronic obstructive pulmonary
disease versus asthma. Importantly, we considered
additional outcomes, such as moderate exacerbation,
an important endpoint in randomised controlled trials
in chronic obstructive pulmonary disease. Finally,
we avoided using DPP-4 inhibitors as the active
comparator, given their possible association with
the outcomes. These drugs were associated with a
modest effect on the outcomes in our study, with some
drugs such as alogliptin having potentially stronger
effects on exacerbations. Overall, our findings add
to the therapeutic options physicians could explore
for patients with both type 2 diabetes and chronic
obstructive pulmonary disease. Whether these drugs
can be used in patients with chronic obstructive
pulmonary disease without type 2 diabetes will need to
be investigated in future randomised controlled trials.

Biological mechanisms

Several potential mechanisms may explain the
decreased risk of chronic obstructive pulmonary
disease exacerbation observed with GLP-1 receptor
agonists. Firstly, GLP-1 receptor agonists have been
shown to reduce local inflammation and airway
hyperresponsiveness in murine models,* * “* in
isolated human airways,’ and among patients with
type 2 diabetes and chronic obstructive pulmonary
disease.”” In short term randomised controlled
trials, GLP-1 receptor agonists have been shown to
improve surrogate measures of lung function, such as
forced vital capacity.®” Secondly, chronic obstructive
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pulmonary disease is increasingly conceptualised as
the respiratory manifestation of a chronic systemic
inflammation, which results from a constellation of
underlying risk factors, including smoking, obesity,
and hypertension. GLP-1 receptor agonists are known
to have systemic anti-inflammatory effects.*® Thirdly,
abdominal obesity increases the risk of chronic
obstructive pulmonary disease exacerbations by
physically reducing the lung capacity by pushing
the diaphragm against the thorax.”” GLP-1 receptor
agonists may reduce chronic obstructive pulmonary
disease exacerbations as these drugs have been
associated with significant weight loss.” “® Additional
laboratory and observational studies are needed
to explore further the mechanisms by which GLP-1
receptor agonists may exert their beneficial effects on
chronic obstructive pulmonary disease exacerbations.
Any small effect of DPP-4 inhibitors may be attributed
to the raised concentration of endogenous GLP-1 that
may produce a local and systemic anti-inflammatory
effect,” albeit at much lower levels than with the
GLP-1 receptor agonists, which are more potent than
endogenous GLP-1.°° The glucosuric effect SGLT-2
inhibitors decreases serum concentrations of glucose
available for tissue metabolism, resulting in decreased
endogenous carbon dioxide production; this may
be beneficial for patients with chronic obstructive
pulmonary disease who have difficulty expelling
carbon dioxide from the body.” Some evidence also
suggests that SGLT-2 inhibitors may have beneficial
effects on chronic obstructive pulmonary disease
outcomes. In a meta-analysis of nine randomised
controlled trials, SGLT-2 inhibitors were associated with
a trend towards a reduced risk of new onset of chronic
obstructive pulmonary disease (risk ratio 0.79, 0.61 to
1.02).>! Furthermore, large observational studies and
a meta-analysis of cardiovascular outcome trials have
associated SGLT-2 inhibitors with a decreased risk
of pneumonia,*® '* °? a condition that often leads to
chronic obstructive pulmonary disease exacerbations.
The mechanisms behind heterogeneous findings of
SGLT-2 inhibitors preventing severe but not moderate
chronic obstructive pulmonary disease exacerbations
are unclear and should be explored further.

An interesting finding of this study was that GLP-1
receptor agonists and DPP-4 inhibitors were associated
with a lower risk of severe chronic obstructive
pulmonary disease exacerbations among patients who
also had asthma but not among those without a history
of asthma. Laboratory studies finding benefits of an up-
regulated GLP-1 pathway in airway diseases showed a
reduction in airway hyperresponsiveness by local anti-
inflammatory effects.> Airway hyperresponsiveness is
a feature that is present in both asthma and chronic
obstructive pulmonary disease patients.”> ** Thus,
among patients with chronic obstructive pulmonary
disease and asthma, hyperresponsiveness is more
prevalent, which may potentiate the effects of incretin
based drugs in this subpopulation. This highlights a
potential role of GLP-1 receptor agonists and DPP-4
inhibitors in the asthma-chronic obstructive pulmonary

disease overlap syndrome, a major phenotype among
older patients with chronic obstructive pulmonary
disease.”®> On the other hand, such effect measure
modification on a multiplicative scale with history of
asthma was not seen in the case of SGLT-2 inhibitors,
for which we found a reduced risk in patients with or
without a history of asthma.

Strengths and limitations of study

Our study has several strengths. Firstly, the use of the
CPRD and its linked databases allowed us to control
for potentially important confounders, such as body
mass index, spirometry parameters, and laboratory
measures, which are typically absent in claims
databases. Secondly, we used an active comparator,
new user design, an approach that limits biases due to
the inclusion of prevalent users. Thirdly, we granulated
our outcome into severe and moderate exacerbations of
chronic obstructive pulmonary disease, thus enabling
a more nuanced identification of the role of the novel
antihyperglycaemic drugs in this therapeutic area
compared with previous studies.

Our study also has some limitations. Firstly,
exposure misclassification is possible, given that
the CPRD is a general practice database and does
not record prescriptions written by specialists.
However, this is unlikely to be an important source
of misclassification because general practitioners are
responsible for the management of type 2 diabetes
in the UK.”® Furthermore, the CPRD does not record
patients’ adherence to the treatment regimens, which
can be another source of exposure misclassification.
However, using an on-treatment exposure definition
in which patients were followed while continuously
exposed to the study drugs likely reduced the impact
of this bias. Secondly, some outcome misclassification
may have been present, although the definition
of severe chronic obstructive pulmonary disease
exacerbation requiring hospital admission has been
validated and has a high specificity.?® In the case of
moderate exacerbation, we used a validated algorithm
that required patients to have a diagnostic code for
chronic obstructive pulmonary disease exacerbation
along with co-prescription of a corticosteroid and
antibiotic on the same day. Although this restrictive
definition likely affected the sensitivity of the outcome,
we prioritised specificity as this should have no
impact on relative effect measures in the context of
non-differential misclassification. Thirdly, residual
confounding is possible given the observational nature
of the study. However, using an active comparator
typically prescribed at the same disease stage as the
novel antihyperglycaemic drugs, and propensity score
models that considered 72 variables that are potential
and proxy confounders, likely reduced the possibility
of major unmeasured confounding. Fourthly,
although sulfonylureas were not associated with
an increased risk of chronic obstructive pulmonary
disease exacerbation in a previous study, > these drugs
may not be entirely neutral owing to their weight
inducing effects. Sulfonylureas have been shown to
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inhibit the NLRP3 inflammasome and interleukin-10
release, thereby having potential anti-inflammatory
effects.’’>? Although this is possible, the choice of this
comparator needs to be considered in relation to the
other antihyperglycaemic drugs that are less likely to
have neutral effects on chronic obstructive pulmonary
disease exacerbations. Furthermore, sulfonylureas
continue to be widely used in the treatment of diabetes
in the UK,* ?° the US,?® and worldwide,? attesting
to the clinical meaningfulness of our comparative
effectiveness findings. Our study indicates that
the prescribing of sulfonylureas outnumbered the
prescribing of GLP-1 receptor agonists in an 11 to
one ratio, DPP-4 inhibitors in a two to one ratio, and
SGLT-2 inhibitors in a four to one ratio. Fifthly, our
study had a median follow-up of one year, although
the potential follow-up extended for up to 14 years.
The cumulative incidence curves in the GLP-1 receptor
agonist versus sulfonylurea cohort diverged after eight
months of use. The timing of this effect fits with the
hypothesised mechanisms of GLP-1 receptor agonists
on exacerbations of chronic obstructive pulmonary
disease, which includelocal anti-inflammatory, smooth
muscle relaxation, and structural modifications.* On
the other hand, the cumulative incidence curves in the
SGLT-2 inhibitor versus sulfonylurea cohort diverged
earlier. Lastly, some secondary analyses, such as
those stratifying on individual drugs, generated fewer
exposed events and wide confidence intervals. Thus,
these results should be interpreted with caution.

Conclusions

In summary, in this large population based study,
the use of GLP-1 receptor agonists and SGLT-2
inhibitors was associated with a lower risk of severe
exacerbations among patients with type 2 diabetes
and chronic obstructive pulmonary disease compared
with sulfonylureas, whereas a risk reduction
associated with DPP-4 inhibitor use, if any, was small.
Further research, including confirmatory randomised
controlled trials, will be needed to investigate the
potential of GLP-1 receptor agonists and SGLT-2
inhibitors as a therapeutic option in patients with
type 2 diabetes and chronic obstructive pulmonary
disease.
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