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Diabetes is common in patients with chronic obstructive pulmonary disease.
Sodium-glucose co-transporter-2 inhibitors are effective in treating type 2
diabetes and provide benefits for conditions like cardiovascular and kidney
diseases. We use data from multiple institutions and countries to evaluate their
role in patients with chronic obstructive pulmonary disease and diabetes. This
study includes chronic obstructive pulmonary disease patients with diabetes
who are newly prescribed sodium-glucose co-transporter-2 inhibitors or
dipeptidyl peptidase-4 inhibitors between January 1, 2013, and August 25,
2024. The primary outcome is all-cause mortality. The results show that the
sodium-glucose co-transporter-2 inhibitors group has a lower risk of all-cause
mortality compared to the dipeptidyl peptidase-4 inhibitors group (hazard
ratio, 0.757; 95% confidence interval, 0.716-0.801). It also shows significantly
lower risks of all-cause hospitalization (hazard ratio, 0.864; 95% confidence
interval, 0.845-0.884), exacerbation (hazard ratio, 0.924; 95% confidence
interval, 0.888-0.962), pneumonia, upper respiratory infections, bronchitis,
and major cardiovascular events.

Chronic obstructive pulmonary disease (COPD) is a prevalent years or older have COPD, although the prevalence varies between
respiratory condition characterized by cough, dyspnea, and airflow countries and tends to increase with age*™. Prior to the COVID-19
limitation, affecting both males and females equally across the globe'.  pandemic, COPD was the third leading cause of death worldwide,
It is estimated that approximately 10 percent of individuals aged 40 underscoring its significant impact on global health®. Due to its high
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prevalence and chronic nature, COPD imposes a substantial burden on
healthcare systems, resulting in frequent clinician visits, multiple
hospitalizations due to acute exacerbations, and the necessity for
chronic therapy®.

In addition, patients with COPD could have a two to five times
higher risk of developing cardiovascular disease, with nearly 20%
experiencing cardiovascular-related deaths. Moreover, this risk of
cardiovascular events increases with the severity of COPD’®. There-
fore, it is crucial not only for controlling the respiratory condition but
also for improving cardiovascular outcomes for patients with COPD’.

SGLT2 inhibitors (SGLT2is) offer multiple benefits, primarily in
treating type 2 diabetes mellitus (T2DM), but also potentially for
other conditions such as cardiovascular disease, chronic kidney dis-
ease, and obesity. Experimental data further supports SGLT2is” anti-
inflammatory effects. In cellular and mouse models, SGLT2i reduced
pro-inflammatory cytokines (IL-1, IL-6, TNF-a) through autophagy-
dependent mechanisms, as evidenced by the reversal of effects when
autophagy was blocked with 3-methyladenine. This process appears
mediated through AMP-activated protein kinase phosphorylation and
the NF-kB pathway. These findings suggest SGLT2is’ anti-inflammatory
properties extend beyond their glucose-lowering effects, potentially
benefiting both acute and chronic inflammatory conditions™. Recent
clinical studies suggest that SGLT2is may help reduce the risk of COPD
exacerbations, adding to their potential benefits beyond diabetes
management™2 One cohort study reported that SGLT2i might be
associated with a reduced risk of developing obstructive airway dis-
ease (hazard ratio [HR], 0.65; 95% Cl, 0.54-0.79) and a lower exacer-
bation rate (HR, 0.54; 95% Cl, 0.36-0.83) among patients with type 2
diabetes mellitus (T2DM)"™. Another cohort study demonstrated the
similar findings that SGLT2i might reduce the risk of severe exacer-
bations in COPD patients with T2DM (HR, 0.62, 0.48-0.81)"". However,
the impact of SGLT2i on the outcomes of COPD patients remains
unclear. Hence, this study was undertaken to evaluate the association
between SGLT2i use and the risk of both COPD-related clinical out-
comes and major adverse cardiovascular events (MACESs) in patients
with COPD and T2DM.

Results

Demographic characteristics of included patients

Based on screening of the TriNetX platform across 128 healthcare
organizations (HCOs) from 17 countries on September 2, 2024,
1,009,463 patients with COPD and T2DM were identified, of which
91,993 and 95,048 were new users of SGLT2i and DPP-4i, respectively
(Fig. 1). After excluding those with prior or concomitant use of SGLT2i
and DPP-4i, and patients with malignant neoplasms, 58,899 and 41,244
patients were classified into SGLT2i and DPP-4i groups, respectively.

Table 1 shows the comparison between SGLT2i and DPP-4i groups
before and after PSM. Before matching, the SGLT2i group was younger
than the DPP-4i group (65.8 +10.8 years vs. 68.3 +11.6 years), and the
distribution of sex and race also differed between groups. Additionally,
BMI was higher in the SGLT2i group than the DPP-4i group (34.2+ 8.5
vs. 32.4 +8.2), and the SGLT2i group had a higher prevalence of indi-
viduals with BMI>25 kg/m?. Furthermore, the SGLT2i group had a
higher prevalence of HbAlc>8% than the DPP-4i group (43.6%
vs. 37.3%).

Compared to the DPP-4i group, the SGLT2i group had a higher
prevalence of overweight/obesity, nicotine dependence, hyperten-
sion, hyperlipidemia, chronic liver disease, congestive heart failure,
ischemic heart disease, hypertensive disease, pulmonary heart disease,
and obstructive sleep apnea. Lastly, the SGLT2i group had more
patients with concomitant use of insulin, biguanides, and glucagon-
like peptide-1receptor agonists, but fewer using sulfonylureas than the
DPP-4i group. Overall, PSM yielded 41,244 matched patients in each
cohort, with standardized differences in all covariates between groups
less than 0.1 (Table 1).

Primary and secondary outcomes

During follow-up, the SGLT2i group was associated with a lower risk of
all-cause mortality than the DPP-4i group (HR, 0.757; 95% CI,
0.716-0.801, Table 2). Survival analysis showed a higher cumulative
incidence of mortality in the DPP-4i group (log-rank test,
p<0.001) (Fig. 2).

Compared to the DPP-4i group, the SGLT2i group was also asso-
ciated with significantly lower risks of all-cause hospitalization (HR,
0.864; 95% Cl, 0.845-0.884), COPD exacerbation (HR, 0.924; 95% Cl,
0.888-0.962), pneumonia (HR, 0.728; 95% CI, 0.697-0.760), acute
upper respiratory tract infection (HR, 0.863; 95% CI, 0.806-0.923),
bronchitis (HR, 0.710; 95% Cl, 0.653-0.772), and MACE (HR, 0.918; 95%
Cl, 0.868-0.970) (Table 2).

Stratified and sensitivity analysis

The lower risk of all-cause mortality in the SGLT2i group compared to
the DPP-4i group was observed in all stratified analyses, including both
males and females, adults and older patients, and those with/without
underlying diseases such as MACEs, overweight and obesity, and a
history of prior exacerbation (all p<0.01) (Table 3). Similar findings
were observed for all three types of SGLT2is—canagliflozin, dapagli-
flozin, and empagliflozin (all p<0.0001), with no significant differ-
ences in their effects (all p-values for interaction >0.05, Table S4).
Furthermore, the survival benefits of SGLT2i remained consistent
across different types of inhaled bronchodilators among patients with
COPD (all p<0.05) (Table 3). Additional landmark analyses and sen-
sitivity tests, conducted using different models, varying enrollment
periods, and assessments of medication compliance, demonstrated
consistent results (Tables S5-S9). Lastly, compared to sulfonylureas,
SGLT2i was associated with lower mortality (HR 0.816; 95% ClI,
0.774-0.860; p < 0.0001, Table S10).

Discussion

Our study used TriNetX which enrolled approximately 150 million
patients across 120 healthcare organizations worldwide found that,
compared with DPP-4i, patients with COPD and T2DM received SGLT2i
were associated with a lower risk of all-cause mortality. Moreover,
SGLT2i associated survival benefits remained consistent across dif-
ferent sensitivity analyses. In addition to mortality, SGLT2i was
associated with a lower risk of all-cause hospitalization, COPD
exacerbation, pneumonia, upper respiratory tract infection, and
MACE, compared to DDP-4i in this study. All these findings indicate the
clinical benefit of SGLT2i for patients with COPD and T2DM.

For our primary outcome of all-cause mortality, we observed a
hazard ratio of 0.757 (95% Cl: 0.716-0.801). This substantial mortality
benefit is particularly significant as few existing treatments have
demonstrated survival improvements in COPD patients. The reduction
in COPD exacerbations can significantly impact patient quality of life
and slow disease progression. Similarly, reduction in MACE, while
numerically smaller than the mortality benefit, represents a crucial
advantage given the high cardiovascular mortality in COPD patients.
These findings suggest that SGLT2i offering benefits beyond glycemic
control to improve key respiratory and cardiovascular outcomes.

Clinical studies on the association of SGLT2i use with all-cause
mortality, pneumonia and MACE in patient with COPD are limited. A
population-based cohort study" used United Kingdom Clinical Prac-
tice Research Datalink found that compared with sulfonylureas,
SGLT2i were linked to a 38% reduction in the risk of severe exacerba-
tions (2.4 versus 3.9 events per 100 person-years; hazard ratio 0.62,
95% CI 0.48-0.81). From our study, we found that compared with DPP-
4i, SGLT2i not only associated with reduce acute exacerbation but also
reduce mortality, hospitalization and MACE. Another study" used
electronic medical database from Hong Kong to investigate the asso-
ciation of SGLT2i user and DPP-4i user in patients with concomitant
DM and obstructive airway disease, which included asthma and COPD
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TriNetX (2024/09/02)
HCOs 128, 17 countries in the network

n = 153,962,996

Visit HCOs 2 2 times during
2013/01/01 to 2024/08/25

n = 95,701,474

Age>18y/o &
T2DM and COPD diagnosed

n =1,009,463

Patients who are new user of
SGLT2i or DPP4i

n = 187,041

New user of SGLT2i

Excluded
19,458 Previous use of DPP4i
7,981 Use both drugs on the same day
5,665 History of malignant neoplasms

New user of SGLT2i eligible for inclusion

n = 58,899

New user of DPP4i

Excluded
17,590 Previous use of SGLT2i
30,407 Use both drugs on the same day
5,807 History of malignant neoplasms

New user of DPP4i eligible for inclusion

Propensity score matching 1:1 by age at
index, race, gender, anti-diabetic drugs,
BMI, comorbidities, and HbA1lc

SGLT2i group

Fig. 1| Study flowchart.

DPP4i group

and found that SGLT2i user had lower risk of exacerbation. There are
some limitations in the study'. While COPD and asthma both present
with similar symptoms—such as dyspnea, cough, and sputum pro-
duction—that can make diagnosis challenging, they differ markedly in
their pathogenesis, disease progression, prognosis, and treatment
options. Because of their heterogeneous nature, varying clinical
courses, and distinct treatment approaches and outcomes, asthma and
COPD should be addressed separately”. Their database also lacks
complete records on medication treatments, the severity of obstruc-
tive pulmonary disease, and the history of exacerbations prior to the
index date in COPD patients, which is a confounding factor that sig-
nificantly impacts the outcome. Their PSM accounted for major
comorbidities and associated drug use, focusing on ICS/LABA. How-
ever, they did not address the use of LABA/LAMA or ICS/LABA/LAMA
therapies. In their study, to differentiate the severity of obstructive

pulmonary disease, their propensity score matching model utilized the
maintenance therapy for obstructive pulmonary disease prior to the
index date. However, they did not account for the history of exacer-
bations before the index date in COPD patients, which could indicate
the risk of future exacerbations. In our study, we adjusted for various
types of inhalation medications, including LABA, LAMA, LABA + LAMA,
ICS+LABA, and ICS+LAMA+LABA. We also matched for COPD
exacerbation history before the index date.

The exact mechanism linking SGLT2i to COPD exacerbations is
not yet fully understood. However, one possible explanation is their
anti-inflammatory properties. Research in animal models has
demonstrated that SGLT2i can mitigate lung injury caused by
lipopolysaccharide-induced acute lung injury and reduce inflamma-
tion by decreasing levels of IL-1B, IL-6, and TNF-q, in bronchoalveolar
lavage fluid and serum. Furthermore, flow cytometry analyses of
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Table 1 | Baseline characteristics of patients before and after matching

Variables Before matching After matching
SGLT2i group DPP4i group Std diff SGLT2 group DPP4i group Std diff
(n=58,899) (n=63,696) (n=41,244) (n=41,244)
Age at index, years
Mean + SD 65.8+10.8 68.3111.6 0.2264 66.8+10.7 66.5£11.5 0.0239
Sex, n(%)
Female 24,115 (40.9) 30,993 (48.7) 0.1560 18,121 (43.9) 18,004 (43.7) 0.0057
Male 31,251 (53.1) 30,270 (47.5) 0.1105 21,065 (51.1) 21,180 (51.4) 0.0056
Race, n(%)
White 38,072 (64.6) 38,859 (61) 0.0747 26,601 (64.5) 26,853 (65.1) 0.0128
Black or African American 9994 (17) 8812 (13.8) 0.0867 6520 (15.8) 6514 (15.8) 0.0004
Asian 1224 (2.1) 3358 (5.3) 0.1705 1145 (2.8) 109 (2.7) 0.0054
Other race 1514 (2.6) 1321(2.1) 0.0329 1002 (2.4) 981 (2.4) 0.0033
Unknown race 7808 (13.3) 11,087 (17.4) 0.1155 5796 (14.1) 5619 (13.6) 0.0124
Body mass index, kg/m?
Mean + SD 34.2+8.5 32.4+8.2 0.2231 33.1£8.2 33.2+8.3 0.01M
25 - 30, n(%) 11,713 (19.9) 10,942 (17.2) 0.0696 8,079 (19.6) 7,948 (19.3) 0.0080
> 30, n(%) 27,504 (46.7) 19,716 (31) 0.3271 16,088 (39.0) 16,148 (39.2) 0.0030
HbA1lc, %
Mean + SD 7.9+1.9 7.9+2.0 0.01M 7.9+1.9 7.9+2.0 0.0222
> 8, n(%) 25,695 (43.6) 23,762 (37.3) 0.1287 16,627 (40.3) 16,561 (40.2) 0.0033
Comorbidities, n(%)
Overweight and obesity 21,842 (37.7) 13,988 (22.0) 0.3360 11,863 (28.8) 11,782 (28.6) 0.0043
Malnutrition 1411 (2.4) 172 (2.7) 0.0186 1108 (2.7) 1102 (2.7) 0.0009
Alcohol related disorders 2438 (4.1) 1531 (2.4) 0.0976 1313 (3.2) 1315 (3.2) 0.0003
Nicotine dependence 14,585 (24.8) 10,267 (16.1) 0.2154 8576 (20.8) 8589 (20.8) 0.0008
Hypertension 41,959 (71.2) 40,135 (63.0) 0.1753 27,911 (67.7) 27,843 (67.5) 0.0035
Hyperlipidemia 39,988 (67.9) 35,212 (55.3) 0.2610 25,773 (62.5) 25,656 (62.2) 0.0059
Chronic liver disease 6390 (10.8) 4596 (7.2) 0.1269 3593 (8.7) 3551(8.6) 0.0036
Chronic kidney disease 16,133 (27.4) 16,568 (26.0) 0.0310 10,921 (26.5) 10,874 (26.4) 0.0026
Cerebrovascular diseases 7790 (13.2) 7896 (12.4) 0.0247 5273 (12.8) 5217 (12.6) 0.0041
Heart failure 23,605 (40.1) 13,857 (21.8) 0.4043 12,343 (29.9) 12,325 (29.9) 0.0010
Atrial fibrillation and flutter 13,570 (23.0) 9603 (15.1) 0.2036 7784 (18.9) 7740 (18.8) 0.0027
Ischemic heart diseases 27,023 (45.9) 20,009 (31.4) 0.3002 16,109 (39.1) 16,016 (38.8) 0.0046
Hypertensive diseases 46,599 (79.1) 44,172 (69.4) 0.2242 30,769 (74.6) 30,689 (74.4) 0.0045
Pulmonary heart disease 8464 (14.4) 4772 (7.5) 0.2217 4221(10.2) 4206 (10.2) 0.0012
Disorders involving the 1872 (3.2) 1424 (2.2) 0.0581 1150 (2.8) 1116 (2.7) 0.0050
immune mechanism
Obstructive sleep apnea 16,052 (27.3) 8451 (13.3) 0.3532 7801 (18.9) 7682 (18.6) 0.0074
Hypoglycemic medications
Insulins and analogs 27,608 (46.9) 22,453 (35.3) 0.2376 16,846 (40.8) 16,837 (40.8) 0.0004
Biguanides 21,149 (35.9) 18,671 (29.3) 0.1408 13,420 (32.5) 13,431 (32.6) 0.0006
Sulfonylureas 8106 (13.8) 12,274 (19.3) 0.1489 6487 (15.7) 6514 (15.8) 0.0018
Glucagon-like peptide-1 8050 (13.7) 1468 (2.3) 0.4286 1609 (3.9) 1467 (3.6) 0.0182
receptor agonists
Thiazolidinediones 1234 (2.1) 2245 (3.5) 0.0867 992 (2.4) 1011 (2.5) 0.0030
Alpha glucosidase inhibitors 87 (0.1) 416 (0.7) 0.0801 77 (0.2) 76 (0.2) 0.0006

Standardized difference (Std diff) <0.1 is considered a small difference.

DPP4i dipeptidyl peptidase 4 inhibitor, SGLT2i sodium-glucose cotransporter 2 inhibitor, Std Diff standardized difference.

bronchoalveolar lavage fluid cells and bone marrow-derived macro-
phages have shown that SGLT2i can influence the balance between
classically activated (M1) and alternatively activated (M2) macro-
phages, inhibiting M1 macrophages and promoting a shift towards the
M2 phenotype. These observations suggest that SGLT2is may exert
their anti-inflammatory effects by modulating alveolar macrophage
polarization'. Numerous clinical and experimental studies have shown

that SGLT2i combat inflammation and oxidative stress by modifying
Ca2+ signaling and decreasing the production of reactive oxygen
species, fibrosis, and other inflammatory processes, which are crucial
molecular targets for these drugs'. SGLT2is also enhance phosphor-
ylation of AMP-activated protein kinase and acetyl-CoA carboxylase in
skeletal muscle and boost fibroblast growth factor 21 levels in the liver
and plasma. They further stimulate the expression of uncoupling
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Table 2 | The hazard ratios for both the primary and secondary
outcomes comparing the matched SGLT2i group with the
DPP4i group

Outcomes Patients with outcome Hazard ratio (95% CI)
SGLT2i DPP4i
group group
Primary outcomes
All-cause mortality 2054 3020 0.757 (0.716-0.801)
Secondary outcomes
All-cause 13,932 16,735 0.864 (0.845-0.884)
hospitalization
All-cause emer- 11,332 12,369 1.003 (0.978-1.029)
gency depart-
ment visit
COPD exacerbation 4550 5371 0.924 (0.888-0.962)
Pneumonia 3407 5065 0.728 (0.697-0.760)
Acute upper 1462 1906 0.863 (0.806-0.923)

respiratory infection

Acute lower 132 149
respiratory infection

0.992 (0.784-1.254)

892
2161

1404
2939

Bronchitis 0.710 (0.653-0.772)

0.918 (0.868-0.970)

Major adverse car-
diovascular events

Patients were followed for 12 months after the index event (first prescription of SGLT2i or DPP4i
during January 1, 2013 and August 25, 2024).

Hazard ratios were calculated using Cox proportional hazards analysis.

Source data are provided in the appendix.

Cl confidence interval, DPP4i dipeptidyl peptidase 4 inhibitor, SGLT2i sodium-glucose cotran-
sporter 2 inhibitor.

protein 1in brown fat and both inguinal and epididymal white adipose
tissue. Furthermore, research has demonstrated that empagliflozin
effectively reduces the accumulation of Ml-polarized macrophages,
while simultaneously promoting the differentiation and development
of the anti-inflammatory M2 macrophage phenotype in both white
adipose tissue and the liver”. This further leads to reduced plasma
TNFa levels and decreased obesity-related chronic inflammation.
Additionally, this is accompanied by lower levels of pro-inflammatory
cytokines, such as C-reactive protein, interleukin-6, and TNF-a**, along
with increased levels of adiponectin'®. SGLT2i also exhibit a significant
effect on reducing low-grade inflammation, likely by lowering uric acid
and insulin levels. This anti-inflammatory effect aligns with other
proposed mechanisms that may account for the observed benefits of
SGLT2is on cardiovascular and renal health”. Consequently, SGLT2is
are believed to enhance COPD outcomes through their pronounced
anti-inflammatory effects. Beyond COPD, SGLT2i may also benefit
allergic asthma through immunomodulation, as demonstrated in both
in vitro and animal studies. In human immune cells, SGLT2i treatment
significantly inhibited mast cell degranulation, measured by [-
hexosaminidase activity. In a mouse model, SGLT2i reduced
ovalbumin-induced airway hyper-responsiveness and decreased
inflammatory cell counts (lymphocytes and eosinophils) in bronch-
oalveolar lavage fluid. The treatment also lowered pro-inflammatory
cytokine expression (IL-4, IL-5, IL-13) and suppressed airway inflam-
mation and mucin production, suggesting potential therapeutic
applications in asthma'®. Moreover, several studies have investigated
the anti-inflammatory mechanisms and biomarkers of SGLT2i in
human models. A 52-week study in diabetes patients receiving SGLT2i
treatment showed significant changes in serum biomarkers compared
to glimepiride treatment: a 22% reduction in median serum IL-6 levels,
a 25% decrease in serum leptin, and a 17% increase in median serum
adiponectin. These findings suggest that SGLT2i may modulate these
serum markers to enhance adipose tissue function, potentially
improving insulin sensitivity and reducing cardiovascular risk”. A

1.0~
0.9
0.8
2
= Group
K<)
g DPP4i group
° — SGLT2i group
o
0.7
0.6
Log-rank test
p <0.0001
0.5
0 30 60 90 120 150 180 210 240 270 300 330 360

Days

Fig. 2 | Kaplan-Meier event-free curves for the all-cause mortality.

subsequent clinical trial examined SGLT2i’s impact on the inflamma-
tory profile of patients with both diabetes and coronary artery disease.
When added to standard antihyperglycemic treatment, SGLT2i led to
substantial reductions in pro-inflammatory biomarkers compared to
placebo. Specifically, patients receiving SGLT2i treatment showed
significantly lower levels of interleukin 6, interleukin 1B, and high-
sensitivity C-reactive protein. The SGLT2i-treated group also demon-
strated enhanced antioxidant defenses, with elevated levels of super-
oxide dismutase activity, glutathione, and total antioxidant capacity.
Furthermore, these patients showed improved levels of reactive oxy-
gen species and reduced P-selectin antigen expression on platelet
surfaces. These findings collectively suggest that SGLT2i can reduce
inflammation, decrease platelet activity, and ameliorate oxidative
stress—effects that may be particularly beneficial for patients with
concurrent diabetes and cardiovascular disease®.

Our study carries important clinical implications, especially for
patients who suffer from both COPD and DM, a prevalent comorbidity.
DM has been documented to adversely affect lung tissue and overall
pulmonary condition through inflammatory mechanisms, leading to a
considerable inpatient burden among COPD patients. This burden
includes an elevated risk of severe complications such as pneumonia,
stroke, and respiratory failure”. Consequently, it is essential to identify
antidiabetic medications that can provide protective benefits against
these exacerbations, as well as reduce mortality in individuals with
COPD and diabetes.

The effects of SGLT2i on the cardiovascular and renal systems
have been well-documented, their potential role in the respiratory
system remains largely underexplored. This study suggests that
SGLT2i could play a crucial role in the management of COPD with
T2DM, highlighting the need for further prospective research to fully
understand their impact on respiratory health.

The strengths of our study include a large cohort of patients with
COPD and T2DM sourced from TriNetX, which is the global repository
of real-world data, encompassing multiple institutions and countries.
This allows our findings to be generalizable to the diverse demo-
graphic representation within our COPD and diabetes study cohort,
which includes various racial/ethnic groups and age ranges. We
employed an active comparator design using DPP-4i to highlight the
promising effects of SGLT2i in patients with both COPD and T2DM.
Despite the emergence of new treatment options in recent decades,
mortality rates attributable to COPD have not improved as significantly
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Table 3 | Primary outcome within subgroup analyses for the
matched SGLT2i and DPP4i groups

Subgroups SGLT2i DPP4i HR (95% CI)
group, n group, n
Gender
Male m5 1612 0.769 (0.712-0.830)
Female 764 153 0.740 (0.675-0.811)
Age
18-64y/o 216 314 0.740 (0.622-0.880)
> 65y/0 1688 2607 0.720 (0.677-0.765)
Underlying diseases
Overweight and 606 1001 0.662 (0.598-0.732)
obesity (+)
Overweight and 1348 1800 0.843 (0.785-0.905)
obesity (-)
MACEs (+) 1061 1422 0.847 (0.782-0.917)
MACEs (-) 806 1357 0.660 (0.605-0.720)
Exacerbation (+) 490 766 0.727 (0.649-0.815)
Exacerbation (-) 1539 218 0.810 (0.758-0.865)
Different types of SGLT2i
Canagliflozin 144 208 0.681(0.550-0.842)
Dapagliflozin 804 1186 0.756 (0.691-0.827)
Empagliflozin 1638 2478 0.746 (0.700-0.794)
Inhaled bronchodilator
LABA or LAMA m 1052 0.759 (0.690-0.834)
LABA + LAMA 87 139 0.698 (0.534-0.912)
LABA +ICS 494 757 0.731(0.653-0.819)
LABA + LAMA +ICS 62 107 0.625 (0.457-0.855)

Patients were followed for 12 months after the index event (first prescription of SGLT2i or DPP4i
during January 1, 2013 and August 25, 2024).

Hazard ratios were calculated using Cox proportional hazards analysis.

Source data are provided in the appendix.

ClI confidence interval, DPP4i dipeptidyl peptidase 4 inhibitor, ICS inhaled corticosteroid, MACE
major adverse cardiovascular event, SGLT2i sodium-glucose cotransporter 2 inhibitor, LABA
long-acting beta2-agonist, LAMA long-acting muscarinic antagonist, y/o years old.

as those for other chronic diseases. To date, only two studies®** have
demonstrated a reduction in mortality for COPD patients through
triple bronchodilator therapy. Thus, our study may provide valuable
insights into the potential for decreased mortality in patients with
COPD and T2DM who are treated with SGLT2i therapy.

This study acknowledges several limitations. Firstly, the data we
accessed lacked specific information about the study populations’
geographical locations and healthcare settings. This limitation stems
from the structure of the database, which only provides aggregated data
without these detailed characteristics. Secondly, the prescription data
may not accurately reflect actual medication adherence, as the records
of prescribed medication do not always correlate with patients” actual
consumption of the drugs. Additionally, our study was retrospective and
observational in nature, relying solely on the available electronic health
records and hospitalization data. Even with PSM, may still be influenced
by unmeasured confounders such as differences in disease severity,
healthcare quality or smoking status. Lastly, we used PSM within the
TriNetX platform to obtain two comparable groups, and then applied a
standard Cox proportional hazards model to estimate hazard ratios.
While the TriNetX platform has limitations regarding advanced statis-
tical methods, such as sandwich robust standard error estimation or
bootstrap confidence intervals, we were able to obtain reliable effect
estimates using the available standard approaches. As a result, while we
observed favorable effects of SGLT2i in patients with COPD, we cannot
completely rule out the possibility that other unmeasured factors might
have contributed to these outcomes.

We observed that the use of SGLT2i was associated with a sig-
nificant reduction in several adverse outcomes compared to the use of
DPP-4i. Specifically, SGLT2i use was linked to a decreased risk of all-
cause mortality, overall hospitalization, COPD exacerbations, pneu-
monia, upper airway infections, and MACEs in clinical settings. This
suggests that SGLT2i may offer substantial benefits in managing these
conditions, highlighting their potential advantages over DPP-4i in this
patient population. However, further prospective study is warranted
to validate our findings.

Methods

The retrospective cohort study compared the effect of SGLT2i and
dipeptidyl peptidase-4 inhibitor (DPP-4i) on the outcomes of patients
with COPD and T2DM. The study used data from the TriNetX Analytics
network platform, a global federated health research network that
provides access to electronic medical records (EMRs) from approxi-
mately 150 million patients across 120 healthcare organizations
worldwide®. TriNetX offers secure, web-based, real-time access to
patient records from hospitals, primary care, and specialty treatment
providers, encompassing diverse geographic and ethnic populations.
This study was approved by the institutional review board (IRB) of the
Chi Mei Medical Center (IRB No. 11310-J01). Since patient identification
information was not provided on the TriNetX platform, the IRB waived
the requirement for informed consent.

Study population and definition of eligible patients

The retrospective cohort study enrolled COPD patients with T2DM
who were newly prescribed either the SGLT2i or DPP-4i between Jan-
uary 01, 2013, and August 25, 2024. The study period began in 2013,
aligning with the FDA’s approval of SGLT2i*. The index date was
defined as the first prescription of SGLT2i or DPP-4i.

Eligibility criteria included COPD patients with T2DM who aged 18
years or older. The diagnosis of COPD was based on the International
Classification of Diseases, Tenth Edition, Clinical Modification (ICD-10-
CM) diagnostic code J41, J42, J43, or J44, while T2DM was identified
with the ICD-10-CM code E11. The COPD diagnosis should be recorded
within 1 year before or up to 1 year after the T2DM diagnosis. All
patients were required to have at least two EMRs documented during
the study period. Participants were then divided into two groups based
on their medication use within 1 year after any instance of T2DM
diagnosis. The SGLT2i group included patients who were new users of
SGLT2i, while the DPP-4i group included patients who were new users
of DPP4i.

We excluded patients who had priorly used SGLT2i or DPP-4i
before the index date, those who received a combination of these two
types of drugs, and those with a history of malignant neoplasms
(Table S1).

Covariates

Covariates were selected based on clinical relevance, focusing on sig-
nificant comorbidities and risk factors that could influence mortality of
patients with COPD"?**°, The covariates and the baseline character-
istics, including age, sex, race, body mass index (BMI), hemoglobin Alc
(HbAlc), comorbidities, and anti-diabetic medications were recorded
for both groups within 1 year before the index date (Table S2).

Outcomes

The primary outcomes were the risks of all-cause mortality. Secondary
outcomes included the risks of all-cause hospitalization, all-cause
emergency department (ED) visit, exacerbation, pneumonia, acute
upper respiratory infection, acute lower respiratory infection, bron-
chitis and MACEs. MACEs included acute myocardial infraction, stroke,
heart failure, ventricular arrhythmia and cardiac arrest. The patients
were followed up from the first day after the index date until the final
clinical visit, death, or 1 years from the index date (Table S3).
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Statistical analysis

Baseline characteristics were described using means and standard
deviations (SDs) for continuous variables, numbers and percentages
for dichotomous variables. Propensity score matching (PSM) was
conducted to ensure balanced covariates between the two groups at
baseline, employing a greedy nearest-neighbor algorithm with a cali-
per width of 0.1 pooled SDs. Adequate matching was indicated by
standardized differences of less than 0.1 between the groups. After
PSM, the survival analyses were conducted using the Kaplan-Meier
method. A log-rank test assessed differences in survival distributions
between groups. HR for the outcomes were estimated using Cox
regression model. Two-tailed P values less than 0.05 were considered
statistically significant.

Stratified and sensitivity analysis

Stratified analyses were performed to explore variations in the primary
outcome across different categories, including age, gender, the history
of overweight and obesity, MACEs, COPD exacerbation, and different
types of inhaled bronchodilator. Further analyses examined variations
across different types of SGLT2i, including empagliflozin, dapagli-
flozin, and canagliflozin, as well as among different inhaled broncho-
dilators for COPD treatment, such as inhaled corticosteroid (ICS)/
long-acting beta2-agonist (LABA)/ long-acting muscarinic antagonist
(LAMA), LABA/LAMA, ICS/LABA, and LAMA.

Additionally, we conducted landmark analyses, starting the
follow-up period at one day, one month, three months, and six months
after the index date, continuing until one year®. Moreover, multiple
sensitivity analyses were performed using different models, varying
enrollment periods, and medication compliance. Lastly, we compared
the effects of SGLT2i with those of another commonly used anti-
diabetic medication—sulfonylureas.

Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability

Data supporting the findings of this study are available in the article
and its Supplementary information. Source data are provided as
Source Data file and may be obtained from the corresponding authors
upon request. Patient data can also be access on TriNetx on https://
trinetx.com/. Source data are provided with this paper.
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