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Abstract

Aim We aimed to assess the association between the use of Glucagon-like peptide-1 receptor agonists and the risk
of 12 respiratory diseases in patients with type 2 diabetes, obesity, or overweight.

Method The PubMed (MEDLINE), EMBASE, Cochrane Library, and ClinicalTrials.gov databases were searched
from the establishment of the database to December 24, 2022. Dichotomous outcomes were analyzed using RR
and 95% Cl calculated from fixed-effects models.

Results Twenty-eight RCTs were ultimately included for analysis, involving a total of 77,485 participants. Compared
to controls, patients with GLP-1RAs have a 14% lower risk of respiratory disease (RR 0.86, 95% Cl 0.81-0.93 p < 0.0001),
with Semaglutid (RR 0.82, 95% Cl 0.68-0.97, p=0.02), Liraglutide (RR 0.86. 95% Cl 0.75-0.98, p=0.03), Dulaglutide (RR
0.82,95% C1 0.70-0.96, p=0.02), Albiglutide (RR 0.93,95% Cl 0.79-1.10, p=0.40), Exenatide (RR 0.93, 95% Cl 0.74-1.18,
p=0.55), Lixisenatide (RR 0.83,95% Cl 0.62-1.12, p=0.22), and Efpeglenatide (RR 0.76, 95% Cl 0.46—1.24, p=0.27).
Semaglutide, Liraglutide and Dulaglutide reduce the risk of respiratory diseases by 18%, 14% and 18%, respectively.
Trial duration, control type, and indication were not associated with the impact of GLP-1 receptor agonists on overall
respiratory disease. Among secondary outcomes, the risk of Pulmonary edema (RR 0.66, 95% C| 0.44-0.98, p=0.04),
and Bronchitis (RR 0.86, 95% Cl 0.74-1.00, p=0.04) was reduced.

Conclusion n conclusion, GLP-1RAs were linked to a lower risk of overall respiratory diseases, especially Pulmo-
nary edema and Bronchitis. In the future, physicians should pay attention to the relationship between GLP-1 RA
and the risk of respiratory diseases and evaluate the efficacy of GLP-1RAs in the primary and secondary prevention
of respiratory diseases.

Trial registration CRD42023396138.
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The relationship between the use of GLP-1 receptor agonists and the incidence of respiratory
illness: a meta-analysis of randomized controlled trials

1-§

GLP-1RAs are novel anti-hyperglycemic agents
commonly used. In addition to cardiovascular

— benefits, emerging evidence suggests that such

drugs may also be associated with respiratory \
benefits. Currently, the relationship between GLP-

1RAs and respiratory diseases is unclear.

Study design Meta-analysis

Data sources 28studies

77,485 participants

In conclusion, using GLP-1RAs was linked to a lower risk of overall respiratory diseases, especially

Pulmonary edema and Bronchitis.

Introduction

Respiratory diseases are common disorders in life. Res-
piratory diseases are increasing in mortality and mor-
bidity globally each year. It is a major contributor to the
global health burden [1]. In addition, chronic respira-
tory disease is one of the top 10 causes of death world-
wide [2]. Diabetes is a common comorbidity among
patients with respiratory diseases. People with diabetes
are at increased risk of developing sleep apnoea syn-
drome, chronic obstructive pulmonary disease (COPD),
asthma, and lung injury. Hyperinsulinemia, hypergly-
cemia, and chronic pro-inflammatory states can lead to
impaired lung function. There is evidence that GLP-1RAs
may improve lung function through mechanisms such as
reducing inflammation and tracheal hyperresponsiveness
[3, 4].

GLP-1RAs are novel anti-hyperglycemic agents com-
monly used. In addition to cardiovascular benefits,
emerging evidence suggests that such drugs may also
be associated with respiratory benefits, for example in
patients with COPD [5, 6].

Recently, a population-based cohort study (involv-
ing 56,243 participants) discovered that GLP-1 receptor
agonists reduce the incidence of severe exacerbation of
COPD [6]. Compared with sulfonylureas, GLP-1 recep-
tor agonists were associated with a 30% decreased risk
of severe exacerbation (3.5 v 5.0 events per 100 per-
son years; HR 0.70, 95% CI 0.49-0.99) and moderate

exacerbation (0.63, 0.43-0.94). Besides, in a previous ret-
rospective cohort study, the use of GLP-1RA was found
to result in fewer asthma attacks in adult asthmatics
with type 2 diabetes [7]. GLP-1R agonists (reference)
compared with SGLT-2 inhibitors (incidence rate ratio
[IRR], 2.98; 95% confidence interval [CI], 1.30-6.80),
DPP-4 inhibitors (IRR, 2.45; 95% CI 1.54-3.89), sulfony-
lureas (IRR, 1.83; 95% CI 1.20-2.77), and basal insulin
(IRR, 2.58; 95% CI 1.72-3.88). Also, it allowed patients
to potentially improve from obstructive sleep apnea syn-
drome and have less aggravation of the chronic lower
respiratory disease [8, 9]. The adjusted incidence rate of
first chronic lower respiratory disease admission during
follow-up was 10.7 and 20.3 per 1000 person-years for
GLP-1RA and DPP-4I users, respectively, resulting in an
adjusted hazard ratio of 0.52 (95% CI 0.32-0.85). From
the perspective of its possible underlying mechanism.
The use of GLP-1RA was found to reduce inflammation
and promote lung function in a mouse model of obstruc-
tive lung disease [10]. In another previous animal model,
liraglutide pretreatment reduced acute pulmonary
damage brought on by LPS in mice [11]. Furthermore,
GLP-1RA has been shown to significantly attenuate
LPS-stimulated eosinophil activation [12]. It may have
immunomodulatory effects. Currently, the relationship
between GLP-1RAs and respiratory diseases is unclear.
To determine the link between GLP-1 agonists and
the occurrence of respiratory diseases, we conducted a
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meta-analysis of all RCTs that satisfied the inclusion cri-
teria. Meanwhile, since GLP-1RAs are clinically used for
type 2 diabetes and weight loss, and diabetes and obesity
are risk factors for the development of respiratory dis-
eases, we included people with type 2 diabetes, obesity,
or overweight for the study [5, 13].

Methods

Data sources and searches

We searched PubMed (MEDLINE), EMBASE, and
Cochrane Library databases to find literature on GLP-
1RA published from database creation to December 24,
2022, and the literature was not restricted by language.
The following were the search keywords used: “Glucagon-
like peptide 1 receptor agonist’, “liraglutide”, “albiglutide’,
“lixisenatide”, “exenatide’, “dulaglutide’; “semaglutide’,
“Diabetes Mellitus, Type 2’ “obesity’, “Overweight” and
“randomized controlled trial” Detailed search strategies
can be found in the Additional file.

This meta-analysis follows the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses
(PRISMA) reporting guidelines statement. The Inter-
national Registry of Prospective Systematic Reviews
has prospectively recorded the meta-procedure.
(CRD42023396138).

Study selection

Inclusion criteria: (1) Adult people with type 2 diabetes
mellitus, overweight or obese. (2) RCT comparing GLP-1
receptor agonist with placebo or positive control (Insu-
lin or other oral hypoglycemic drugs). (3) The results
reported at least one respiratory disease event of interest
(all data from ClinicalTrials.gov on respiratory adverse
events).

Exclusion criteria: (1) Pregnant women. (2) GLP-1RA
in combination with other hypoglycemic agents (e.g.
IDeglLira). (3) Comparison between different GLP-1RAs
(4) Multiple publications from the same RCT (using the
most complete or most recently reported data), reviews,
case reports, letters, and conference proceedings on
GLP-1RA. (4) Studies with incomplete data or full text
not available (Table 1).

Outcome measures

Primary outcome: overall respiratory disease prevalence.
Secondary outcomes: 12 subcategories of respiratory

diseases: Pulmonary edema , pneumonia, Bronchitis,

Pulmonary fibrosis, Dyspnoea, Acute respiratory fail-

ure, Pleural effusion, Asthma, COPD, Sleep apnoea syn-

drome, Pulmonary embolism, Pulmonary hypertension.
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Data extraction and quality assessment

By reading the full text of the included literature, two
investigators (MX and RX) independently extracted the
following data: First author, year of study publication,
clinical trial registration number, duration of follow-
up, type of GLP-1 RA, control drug, and trial subject
characteristics (age, sex, BMI, and glycosylated hemo-
globin [HbA1c] levels). Any discrepancies arising from
this process were resolved by consensus or by a third
reviewer (PL). The Cochrane Risk of Bias tool was used
to assess the quality of each RCT included [14].

Statistical analysis

We analyzed dichotomous outcomes using RR and
95% CI calculated from random or fixed effects mod-
els. Heterogeneity between studies was assessed using
the X2 test and the I* statistic. If heterogeneity was low
(P>0 0.05; I2<50%), analyses were performed using
the Mantel-Haenszel method and fixed-effects models.
Otherwise, a random-effects model using the DerSi-
monian-Laird method was used. We also assessed the
association of specific GLP-1 RA drugs with respiratory
disease. Also, we performed subgroup analyses accord-
ing to control type, trial duration, and indication. Sen-
sitivity analyses were performed by omitting eligible
trials one by one. We used a funnel plot and the Egger
test to check for publication bias. All of the analyses
were conducted using RevMan 5.4 and Stata 14. We
think it is statistically significant if the P-value is <0.05.

Result

Study search and study characteristics

A search of the above databases based on keywords
returned 9570 records in total. After excluding dupli-
cates, and reading the titles and abstracts, a total of 633
documents were read in full. A total of 28 RCTs involv-
ing a total of 77485 participants were finally included
for analysis [15—42]. Figure 1 shows the study screen-
ing flow chart. In the 28 included trials, the majority
included subjects with type 2 diabetes (96.3%) with
follow-up periods ranging from 24 weeks to 5.4 years.
Among all participants, the average age of the study
participants was between 46.0 and 74.2 years. The
proportion of males ranged from 19.0 to 69.4%. The
average BMI varied from 26.8 to 38.5 kg/m?. Mean
glycosylated hemoglobin (HbAlc) ranged from 5.7 to
8.9%. (Table 2).
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Table 1 Inclusion and exclusion criteria

Page 4 of 21

Inclusion criteria

Exclusion criteria

Participants
Intervention

interventions
Comparators Placebo or active control (other antidiabetic drugs or insulin)
Outcomes Respiratory diseases
Study design RCTs

Adults(= 18 years old) with type 2 diabetes, obesity, or overweight
Use any GLP-1RA, GLP-1RA can also be used as add-on therapy to other

Pregnant women

Combination drugs of GLP-1RA or combination
with other hypoglycemic drugs

Comparing different categories of GLP-1RAs
No relevant outcome data is available
Post-hoc analysis, multiple articles from the same study

9570 Records identified through database searching

2209 PubMed
3861 Embase
3500 Cochrane Library
[ 4590 of records after duplicates removed ]
[ 4980 of records screened ]_'[ 4347 of records excluded ]

l

[ 633 of full-text articles assessed for eligibility

l

[ 28 of studies included in qualitative synthesis ]

Fig. 1 Process of trial selection

Risk of bias evaluation

The Cochrane Risk of Bias tool, which provides infor-
mation on the risk of bias evaluation, was used to eval-
uate the quality of the included studies (Fig. 2).

Main outcome

Incidence of respiratory diseases with all GLP-1 receptor
agonists

As shown in Fig. 3, this study included 41,663 partici-
pants using GLP-1RAs and 35,822 patients using pla-
cebo, oral hypoglycemic agents, or insulin. The GLP-1
RAs group had a lower event rate (3.43%) than the con-
trol group (4.22%). Patients with GLP-1RAs had a 14%
lower risk of respiratory disease compared to controls
(RR 0.86, 95% CI 0.81-0.93; p<0.0001), with no signifi-
cant heterogeneity between studies (I*=0). In the sensi-
tivity analysis, the pooled results were not significantly
altered after repeated omission of each trial. There was
no obvious publication bias, according to the funnel plots
of this analysis. (Additional file 1: Figure S1, Egger’s test
P=0.859>0.05).

Records excluded with reasons (n=605)

14: non-RCTs or cross-over study designs
319: post hoc analyses

162: participants with prediabetes or TIDM
44: participants with youth or adolescent
66: without associated data

Incidence of respiratory diseases with different GLP-1
receptor agonists
As shown in Fig. 4, eight trials totaling 13655 patients
were included with Semaglutide as the experimental
group. Semaglutide reduced the risk of developing res-
piratory diseases by 18% compared to placebo or other
interventions (RR 0.82, 95% CI 0.68-0.97, p=0.02). In
addition, six trials totaling 12,955 patients were included
with Liraglutide as the experimental group. Compared to
the control group, Liraglutide reduced the risk of respira-
tory disease by 14% (RR 0.86, 95% CI 0.75-0.98, p=0.03).
Four RCT studies including 12,480 patients provided
information on the use of Dulaglutide and the risk of
respiratory disease. The results showed that Dulaglutide
reduced the risk of respiratory disease by 18% compared
to controls (RR 0.82, 95% CI 0.70-0.96, p=0.02).
However, other GLP-1 receptor agonists did not affect
the overall respiratory disease. The RR for the occurrence
of respiratory disease in patients receiving Albiglutide
was 0.93 (95% CI 0.79-1.10, p=0.40) compared to other
interventions. The RR for the occurrence of respiratory
disease in patients receiving Exenatide was 0.93 (95% CI



Page 5 of 21

(2023) 15:164

Yu et al. Diabetology & Metabolic Syndrome

Aj¥9am 2o3U0 uonelapaS
bw 15,0 ueissny pue (6102) TNHD
()vs (L€) 89 0T'ss (96) 0SS VLL A9OM 7§ suibueo unsuj spinibeing wacl WNQZL  'OdIXdN eulyD  Z8S87910LDON -QyvMmY
S91P1S
payun ‘wop
-Bury payun

‘Uspams ‘ureds
‘e2UjY Ynos

‘pue|Od 'NIdd
‘KemIoN ‘Auew
Ajiep aouo -39 “jlewusg
bri oz apn ‘epeue) ‘elieb (£100)
(£0)08 (l'v) 00€ 00¢S (6€)cv. 0S€ HOIM ¢ Oge2eld -BURsIXI WdcL Wzl -Ing’'eyeasny  90/86/10LON O-lecH1eD
Ajiep
Jedsy 921m1 6ri | (1102)
(6:0)88°2 (€¥) Tee 09/5 (00l L'/S VoV 399M 9¢ uljnsuj pexiwsid spheusxy NdcL Wacl AUBWISD  ¥S6VEFOOLDON (B 18 ZUM|[eD)
$91PIS PaluUN
‘wopbury
pauun ‘uteds
‘B2 Lanos
‘uonelspa4
ueyssny ‘sauid
~dijiyd niad
Aj¥oam aouo ‘021Xa|\ ‘DU
opuidawio B o¢ opn Buon ‘Auewssn (rl00)E
(80) L'8 (§9)9te 09'/¥ (08)s¥S clolL HoIM 10| ‘undi|beys ‘ogaedeld -nibiqy Wdacl WdaclL ‘BlUEQlY  €068€800.LDON ANOWYVYH
S3115
pa1uN ‘wop
Juswiedwl -Bury panun
AJlep aouo |eual a1e ‘autes|n ‘uon
Bweg| -iepow pue -elopa4 Uelssny (9100)1¥YN3d
(80) 08 ¥9)ece 0505 (€8)TL9 6/T }99M 9¢ Ogode|d apnn|Be) Wacl NQZL  'pue|od ‘duUely  687079L0LDON -vdil
edlBWY
AJlep aouo UInos pue eisy
buwgl 'zl eIl VLERlg) (6002)
(6:0) 78 (Lv)0Le 0C'8s (S6) £9S 1601 #9am 9z apuidawl|bogadeid 90 apnnjbel| WNdcL Wdel ‘adoing  19%8LE00LON ¢-aval
(uoneinap  (uoneinsp (uoneinag
piepuels)  piepuels) pJepuels)
ues|y uesy uesy saseas|p
(%) (qw (s1eak)abe uoneinp BbulAjsepun uoibay
J1YqH uesiy /BNING (%) olew abesany  |ejoL ledy josuo)  |eyudwinadxy joadfL  uonedipuj /Anuno) dl 1ON Apmis

S3IPNIS PapN|DUl JO SDIASIIRIDRIRYD Uljaseg T dqel



Page 6 of 21

(2023) 15:164

Yu et al. Diabetology & Metabolic Syndrome

s31e1S
payun ‘wop
-bury payun
‘Uspams ‘ureds
'BIUSAO|S
'BPRAOIS 0DlY
01and ‘puejod
‘pue|edZ MON
‘ejuenyi ‘Ajey|
‘|]aels| ‘Alebuny

‘Buoy| buoH
‘Auewian
‘9duel ‘puBlUl4
“Spewusd 2l
Ajiep 2ouo -gnday Yyoaz)
bw ‘BIquIo|0) (€107) &9
(ol)cs (09)LTe 08%S (ol €45 €59 }99M 9¢ undi6eys apnn|Be) Wdacl WaclL ‘epeued  Z1¥96CL0LDN  [2uuogieyd
wopbury
pauuN "edly
Aj¥oam aouo 4inos ‘uoiiea
Bui og apn -pa4 ueissny #102)
(60) €8 (G9lee 0l9s (S6) §°SS W/ A9OM S auib.e|f ulnsul -nibiqry NQZL NdZL  'seIeIS pauun  9168€800LON ¥ ANOWYVH
uemie|
‘uleds ‘uoness
-pa4 ueissny
‘BlURLLIOY0DIY
Apjoam aouo opand ‘puejod
pwoE0T '0DIX3|N ‘B10Y
'SL01'SL0 ‘elpujAuewian
'50'ST0 '95uel ‘BpRUE) (S100)
Ly Ls y) e 059y (66) IVS 176 A98M 101 undi|Beus opun|being wacl WNQZL  'SeIeIS PSNUN  #/¥FE/00LON S-QYvMY
(uoneirap  (uopeirap (uoneirag
pliepuels)  piepueis) piepueis)
ues|y uesy uesy saseasip
(%) (zw (s1eak)abe uoneinp Bbuikpapun uoibay
JLVqH uesy /B)ING  (%'u) 3l abesany  |ero0) leuy Jonyuo)  [eyudwadxy joadAl  uonedipuj /A13uno> al DN Apnis

(panunuod) g ajqey



Page 7 of 21

(2023) 15:164

Yu et al. Diabetology & Metabolic Syndrome

(s919qEIP
APjoam 20U0 1NOYUM)
bw 'z aph AUS990 10
(€0) LS 006l (0€l) 09 -nbewss  ybRMIBAQ S50 IYBIBM $91€1S PalUN  Z8SLL9E0LDN  (1202) € d31S
s31e1S
payun ‘wop
-Bury panun
‘Aoyin] ‘uemie]
‘Uspams ‘uieds
‘e2Uly yinos
‘0dly ouaNg
AJlep aouo SaWO0D ‘Kjey| ‘|oels|
Bw |’/ '€ apit -inQO Jeino ‘elpul ‘Auew (6100
(60) €8 08¢S (0oL 08s 981 -njbewss [ei0 NdcL  -senoipied -9 'aduel{  $98/0970LDON € 433INOId
sa1e1S
payun ‘wop
-Bury pauun
‘dutessyn “Aaxn|
‘e2UjY Yinos
‘uonelapa uess
-sny ‘eluewloy
‘0JIxa\ ‘ueder
A)saqo Jo ‘|]9els| ‘elpu|
AJlep aouo 1ybrom ‘Aupwiian
pwoegl -I9AO0 pue ‘duel ‘jizelg (S102) s=1
(8016 0c0s (SoL6YS 9v8 spunjbelr WAzl sso73yBIom ‘eunuably  z€zz/ZI0LON -9geId 31vDS
(uoneinap (uoneinag
piepueis) piepueis)
uesy ueay saseasip
(%) (s1eak)abe buikpJapun uoibay
JLYqH uespy (%u) o] abesany Jeruswiadxy joadA]l  uonedipuj /Anuno) dai 1N Apnis

(panunuod) g ajqey



Page 8 of 21

(2023) 15:164

Yu et al. Diabetology & Metabolic Syndrome

(80) 1-8

(S8

(€9) £-5€

(69)€CE

olLey

0¥'69

(L) 0ss olcl

(L8) L'Y9  €9¥6

399M 89

1ea\ 9|

ogadeld

ogade|d

sa1e15
pa1uN ‘Wwop
-Bury payun
‘sa1eljwg gely
pauun ‘uleds
‘edlJy yinos
‘uoljelapa4
uelssny ‘odly
ouand ‘ueder
Aj¥oam aouo 1ybam ‘e|pu| ‘929915
pw 0L -1I9A0 pue ‘AuewlIaD) ‘epe
apnn|bewss INQZL  $SOTIybiopn  -ued ‘eunusbly

s91e1G
pauuN ‘wop
-Bury pauun
‘[ulen|n ‘pue)
-ley] ‘uemie]
‘Uapams ‘uleds
B2y LINoS
‘uoliesapaS
uelssny ‘pue|od
‘ssuiddijiyd
niad ‘AemioN
‘SpueayIaN
‘0JIXa\ ‘JO
JjIgnday ‘a0
‘Ajey ‘A1ebuny
‘Buoy buoH
'3233J5) ‘Auewl
-19D) ‘aduel4
Sewusg
‘elyoaz)
‘epeue?) ‘elieb
-Ing ‘wnibjeg
‘eunuably

A1s9qo Jo

ENENIe]
A[¥99M 2dUO  JBINDSRAOIP
bw 0S ‘0§ -1ed pue
apunibigly Wazl

SaW0D
ANQ Jend
-serolpieD)

/S/TSSE0LDON  (1207) T d3LS

(8100)
S19INO

S1SS9COLON Auowiey

(uoneinap
piepuess)
ueapy

(%)

JLVYqH uesiy

(uoneinap
piepueis)
ueay

(zw
/BMIwg

(%'u) 21e

(uoneinag
piepueis)
ueapy
(s1eak)abe
abetany

|elol

uoneinp
leuy

josuod

saseasip
buikpJapun
JoadAL

uoibay

Jeruswiadxy uonedipuj /A13uno>

dl 1ON Apmg

(panunuod) g ajqey



Page 9 of 21

(2023) 15:164

Yu et al. Diabetology & Metabolic Syndrome

(res

v

(c9) gce

(L9)€ce

05°€s

S9'€S

(c6) 65 88

(59) 799

1066

AB3M 7§

1BoA V'S

auible|b ulnsul

ogade|d

Aj¥oam aouo
bui gl 's20
spnn|beng

AJlep aouo
buw g1 spn
-nibejng

WNacL

(tsu
Je|nN2seAolp
-1e> ybiy Jo

)95e3sIp
Jejnasenolp
-Jed pue
NacL

Wacl

SaW0D
ANQ Jend
-serolpieD)

S31815
pauun ‘uemie|
‘Uspams ‘uieds
‘uoljelapa4
uelssny ‘odly
01and ‘pue|od
‘0IX3N ‘AIeb
-UnH ‘929319
“ewusQg
‘epeue) ‘|izeig
‘wnibjag ‘eljesy
-sny ‘eunuabiy

$91E1S PalIuUN
‘wopbury|
palun ‘uemie|
‘Uspams ‘ureds
‘B2 LInos
‘uolyelapa4
ueissny
‘elUBLLIOY ‘0D1Y
01and ‘pue|od
‘puelRa7 MON
‘0JIX3\ ‘elUe
-NYAT ‘elnle o
ojIgnday ‘a0
‘Kiebuny ‘Auew
-199) 'eIYd97)
‘eIquiojod
91y ‘epeued
‘eliebing ‘jizeig
‘eljelisny
‘eunuably

(5100

89C161101ON -AdvMV

(6100)

S6¥6€L0LON ANIM3d

(uoneinsp
piepuess)
uea|y

(%)

JLVYqH uesiy

(uoneinap
piepueis)
ueay

(zw
/BMIwg

(%'u) 21e

(uoneinag
piepueis)
ueapy
(s1eak)abe
abetany

|elol

uoneinp
leuy

josuod

Jeruswiadxy

saseasip
buikpJapun
JoadAL

uonesipu|

uoibay
/A13uno>

dl 1ON Apmg

(panuNUOd) Z 3jqer



Page 10 of 21

(2023) 15:164

Yu et al. Diabetology & Metabolic Syndrome

aulesn Ay
-in] ‘puejiey |
‘Uspams ‘ureds
‘B2 LInos
‘uonelapad uels
-sny ‘eluewloy
‘lebn1iod ‘Aem
-ION ‘0DIX3N
‘ueder ‘eipu|
‘Krebuny ‘Buoy
Aoom 2ouo BuoH ‘e1yoaz)
Bwo1's0 ‘elebing (£107)
(60) L0 (c9)sce 0905 (00l L'SS scel }O9M 9G undibens apan|bewsas Wacl Wdel ‘eunusably  88L0€6L0LON CNIVLSNS
AJlep aouo sa1e15
bwegl Tl pauun ooy (6007) ouo
(rnes (89) L'€e 067 (60L)0ES 9L MM $01 spuidawiib apanjBel| wact WNQZL  ouend OIS  €Z/¥6C00LDN €-avial
wopbury
pauun ‘pue
-1971IMS ‘uredsg
'pUB|Od ‘0DIXSN

‘Ale1| ‘|oeis|
‘puejai| ‘Aieb
-UnH ‘Auewlian
Aiep '9duel ‘puejulq
1M1 bri | dljgnday (€100)
(0L0) v, (l'v) Sze 09¢s (96) ¥'9S 6001 1BoA0'C spuidswib opheusxy Wdacl WNAZL Yoz ’elsny  79/6GE00LON VX343
(uoneirap  (uopeirap (uoneirag
pliepuels)  piepueis) piepueis)
ues|y uesy uesy saseasip
(%) (zw (s1eak)abe uoneinp Bbuikpapun uoibay
JLVqH uesy /B)ING  (%'u) 3l abesany  |ero0) leuy Jonyuo)  [eyudwadxy joadAl  uonedipuj /A13uno> al DN Apnis

(panunuod) g ajqey



Page 11 of 21

(2023) 15:164

Yu et al. Diabetology & Metabolic Syndrome

©@lzcs

©@1)8

(§9) €Ce

(€9) gce

0¥'89

0ev9

01099 €8l€

(CLHEY9 0Ove6

LIS

1o\ Q¢

ogadeld

ogade|d

S91PIS PaUN
‘wopbury

panun ‘An|

‘puejrey |

‘uemie] ‘ujeds

B2y Yinos

‘elUBLLIOY

‘pue|od ‘spuejis

-YIaN ‘ODIXdN

‘eIsAeje|\ ‘A|ey|

‘|9eJs| ‘eIpU|

‘AupwuIDn) “Syiew

SOWO0d  -U3( ‘epeued)
-INO Jejnd ‘lizeig ‘eun
-seaolpie)  -uably ‘elsbly

S9115
payun ‘wop
-Bury panun

‘soreliug
qely pauun

‘Aoyin] ‘uemie]

‘Uapams ‘uleds
‘B2L)Y LINoS

'e|qJaS ‘Uoield
-pa4 ueissny

‘elURLIOY ‘0D1Y

0piand ‘puejod

‘KemioN
'spuelayiaN
‘0DIX3N JO
dliqnday

NSL e

\A__mU 90U0  -NdseAolipled
Bw 1 span|d ybiy pue
-ewas eI Wwazl

'|oeIS| ‘pue|al|
‘e|pu| ‘939915
‘Auewian
‘9dueI ‘puBlUl4
“Jlewusg
‘BIYy29z) "eulyD
‘epeue) ‘|izeig
‘wnibjag ‘el
-sny ‘eljessny

3SU Je
AJlep 92UO0  -NdSeAOIpIed

buw gl ubiy pue
spunjbel| Wazl

Soul0d
-1nQ Jend
-SeAolpleD)

(6100

91/¢69¢01ON 9 433INOId

(9107)

8706/ 1 101ON d43aval

(uoneinsp
piepueis)
uea|y

(%)

JLVYqH uesiy

(uoneinap
piepueis)
ueay

(zw
/BMIwg

(%'u) 21e

(uoneinaqg
piepueis)
ueapy
(s1eak)abe
abetany

|elol

uoneinp
leuy

josuod

saseasip
buikpJapun
JoadAL

uoibay

Jeruswiadxy uonedipuj /A13uno>

dl 1ON Apmg

(panuNUOd) Z 3jqer



Page 12 of 21

(2023) 15:164

Yu et al. Diabetology & Metabolic Syndrome

s31e1S
paiun ‘wop
-Bury payun
‘sa1eliu3

qely pauun
‘dulessyn “AsnL
‘elsiun] ‘uemie|
'DUBISZUMS
‘Uspams ‘ureds
‘B2 LInos
'B|QJ3S ‘'UOIIRID
-pa4 ueissny
‘elueWIoy ‘|eb
-N1Jod ‘pue|od
‘ssuiddijiyd
'Nniad ‘eweued
‘KemioN
‘SpuelayiaN
‘0DIX3N ‘BlUR
-NYIT ‘einie jo
Jlgnday ‘ealoy
‘ueder ‘Ajey|
'|oIS| ‘BIpU|
‘elewlalens
‘Auewian
'e161039
'9duel ‘puejulq
‘eju01s] 1dA63

‘Jlopens3
“jlewus( ‘elq
-Wwojo) "eulyd
91y ‘epeued
‘elieb|ng ‘jizeig
SWOIPUAS ‘wniblag
Ajiep 2suo Aleuoiod SOWOD  ‘snuejag ‘eLiIsny
b 0z apn 91NdY pue -INQ Jeind ‘eljelisny
€12 (L9 Tos 0£69  (£6)€09 8909 1B 1T 0g2de|d -USSIX[T WAzl -Seaolpied ‘eunusbly  0SZ/PLLOLON  (S107) vXIT3
(uoneirap  (uopeirap (uoneirag
plepuels)  piepueis) piepueis)
ues|y uesy uesy saseasip
(%) (zw (s1eak)abe uoneinp buikpJapun uoibay
JLVqH uesy /B)ING  (%'u) dje abesany |er0] leuy Jonyuo)  [eyudwadx3y joadA]l  uonedipuj /A13uno> al DN Apnis

(panunuod) g ajqey



Page 13 of 21

(2023) 15:164

Yu et al. Diabetology & Metabolic Syndrome

(€0) LS

(c1)os

99 6L€

(69 L1€

06'SC

00¢9

(€1)o9v

1961

(Fe)6'19 TSyl

33M 89

IBoA ¢

ogadeld

ogade|d

S91E1G PaUN
‘wopbury
pauuN ‘uemie|
‘uonelapa
ueIssny ‘odly
01and ‘pue|od
‘0JIxa\ ‘ueder
‘elpu| ‘Aupwian
‘9duel ‘puBlUl4
“ewusqg
‘epeue?) ‘elieb
-Ing ‘wnibjag
‘eunuUabIY

$31PIS Palun
‘wopbury|
payun ‘aurer|n
‘puejieyl
‘uemie| ‘ureds
‘BIL)Y LINOS
'BI>RAO|S ‘UON
-eI9pPa4 UeISSNY
‘elUBWIOY
‘puejod ‘sauld
-dijiyd ‘puejesz
M3N ‘spuejid
-U19N ‘0DIXN
‘eisKeje|y ‘elue
-NYIT ‘einie jo
Jlgnday ‘ealoy
‘Alel| ‘|oeis|
‘Arebuny ‘Buoy
BuoH ‘AuewiIzD)
"B1Y2973 "elq
-wiojoD "eulyd
91y "epeue)
‘ellebing ‘izeig
‘wnibjag ‘e
-sny ‘eljensny
‘eunuably

(s919qeIp

NoYIMm)

A1S290 10
WYBIMIBAQ 5507 YD1

APjoam 20U0
Bw 'z apn
-n|bewas

Aj¥oam 2ouo
bw z apn
-eusxj NacL

Soul0d
-1nQ Jend
-SeAolpleD)

(1200

SE68YSE0LON  [e 32 Buipiim

(£100)

8t LOLON 130SX3

(uoneinap
piepueis)
ueapy

(%)

JLVYqH uesiy

(uoneinap
piepueis)
ueay

(zw
/BMIwg

(%'u) 21e

(uoneinaqg
piepueis)
ueapy
(s1eak)abe
abetany

|elol

uoneinp
leuy

josuod

saseasip
buikpJapun
JoadAL

uoibay

Jeruswiadxy uonedipuj /A13uno>

dl 1ON Apmg

(panunuod) g ajqey



Page 14 of 21

(2023) 15:164

Yu et al. Diabetology & Metabolic Syndrome

S91E1G PaUN
‘dutenyn “AanL
‘uspams ‘utedg

‘B2 YInos
'BINeAO|S "eIqUDS

‘uonesspa4
ueIssny ‘elu
-euwoy ‘puejod
‘nisd ‘AemioN
‘0JIX3\ ‘elUB
-NYaT ‘elne]
40 5)gnday
'e310Y| ‘Ajey|
ENEN]Y) ‘elpu| ‘Alebunpy
Aaupy o ‘Auewiian) ‘pue|
a5e3SIP -Ul4 ‘ejuoi1sy
A[¥99M 90UO  JB|NDSRAOIP S9WO0D  “yewusd dydD
bw 9y opn -1ed pue -INQ JeN> - ‘epeue) ‘eleb (1202 O
(S1)e'8 (c9) rze /9 (€8)S¥9 9/0F sieak gL Ogode|d -eus|bad)3 Wdacl -seAolpie)  -ng ‘eupusbily  86796¥S0LON  -3ANLITIAY
(s219qeIp S31815
Aj¥oam aouo NoYIM) pauun ‘uteds
bw 7 apn A1S290 10 ‘Ajey| ‘A1ebuny
0) LG (69) S'8¢ or'¢e ©LyoLy voe HoOM 70| Ogode|d -nibewas  ybemisAnQ  $s07IYBIIM ‘epeue)  OEFE69E0LDON  (2207) S d3LS
S91E1S PN
‘wopbury|
pa1uUN ‘AN
‘puejiey] ‘uem
-le| ‘ureds ‘uon
-eI9pa4 UeISSNY
'DUB|Od ‘OJIX3N
‘eIske[e|\ ‘Aley|
‘|9eJs| ‘eIpU|
‘AupuLIDD) Yiew
95e3sIp -uaQ ‘epeued)
APj@9M 3dUO  JB[NdSeAoIp Sowod  ‘euebjng ‘jizeig
bW Ol ‘50 -Jed pue -INO JeIND  ‘eljesisny ‘eun (9102)
(S1) 28 (c9)gce 0409 W) ov9  L6T€ JeoA 1'C OQgode|d apun|bewas Wdacl -seAolpieD)  -usbiy "enably  9ty07/LOLON 9-NIVLSNS
(uoneinsp  (uoneinsp (uoneinaqg
plepuels)  piepueis) piepueis)
ues|y uesy uesy saseasip
(%) (zw (s1eak)abe uoneinp buikpJapun uoibay
JLVqH uesy /B)ING  (%'u) dje abesany |er0] leuy Jonyuo)  [eyudwadx3y joadA]l  uonedipuj /A13uno> al DN Apnis

(panunuod) g ajqey



Page 15 of 21

(2023) 15:164

Yu et al. Diabetology & Metabolic Syndrome

59115 paIUN

‘wopbury|
A]poam acuo pauuN ‘sulesn
bwo vz ‘pue|Od (adoall
(60) L8 (89) Cve 06€S  (C'LL)§8S 90v %99M 9G ogadeld  apheus|bad)g WAzl Wacl ‘AuewssD  OSEESEE0LON  -3ANLITdAY
(uoneinSp  (uoneirsp (uoneinaqg
piepueis)  piepueis) piepueis)
ueap ueapy ueapy saseasip
(%) (zw (saeak)abe uoneinp Bbuikpapun uoibay
dLVqH ueap /BAING  (%'u) 3jeN abesany  |ejo) leny [onuo)  |eyuswiadxy joadAl  uonedipu) /Anuno) ali 1DN Apms

(panunuod) zaqel



Yu et al. Diabetology & Metabolic Syndrome (2023) 15:164

Page 16 of 21

Random sequence generation (selection hias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance hias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition hias)

Selective reporting (reporting bias)

Other bias

0% 25% 50% 75%  100%

. Low risk of bias

|:] Unclear risk of bias

[ High risk of bias

Fig. 2 Quality assessment (Cochrane risk of bias tool) for included RCTs

0.74-1.18, p=0.55). The RR for the occurrence of respir-
atory disease in patients receiving Lixisenatide was 0.83
(95% CI 0.62-1.12, p=0.22). The RR for the occurrence
of respiratory disease in patients receiving Efpeglenatide
was 0.76 (95% CI 0.46-1.24, p=0.27). No inter-study het-
erogeneity was observed in all of the above analyses.

Subgroup analyses

Based on subgroup analysis of trial duration, control
type, and indication. The results showed that trial dura-
tion, control type, and indication had no significant effect
on the effect of GLP-1 receptor agonists on overall res-
piratory disease (all P subgroups > 0.05; Fig. 5).

Secondary outcome

Random assignment to GLP-1 RA treatment resulted in a
reduced risk of Pulmonary edema (RR 0.66, 95% CI 0.44—
0.98, p=0.04; I*=11; Additional file 1: Fig S3), Bronchi-
tis (RR 0.86, 95% CI 0.74—1.00, p=0.04; I*=0; Additional
file 1: Fig S4). Meanwhile, GLP-1RAs showed a trend
towards a reduced risk for nine respiratory diseases,
although not reaching statistical significance, includ-
ing pneumonia (RR 0.89, 95% CI 0.78-1.00, p=0.05;
>=0; Additional file 1: Fig S5), Pulmonary fibrosis (RR
0.39, 95% CI 0.13-1.16, p=0.09; I*=0; Additional file 1:
Fig. S6), Dyspnoea (RR 0.78, 95% CI 0.58-1.04, p=0.09;
I>=0; Additional file 1: Fig. S7), Acute respiratory failure
(RR 0.81, 95% CI 0.57-1.13, p=0.21; I*=0; Additional
file 1: Fig. S8), Pleural effusion (RR 0.73, 95% CI 0.48—
1.11, p=0.15; I>*=6; Additional file 1: Figure S9), Asthma
(RR 0.85, 95% CI 0.59-1.24, p=0.40; I*=0; Fig S10), and
COPD (RR 0.93. 95% CI 0.76-1.13, p=0.47; I*=0; Addi-
tional file 1: Fig S11), Sleep apnoea syndrome (RR 0.81,
95% CI 0.48-1.36, p=0.43; [*=0; Additional file 1: Fig
$12), Pulmonary embolism (RR 0.95, 95% CI 0.69-1.31,

p=0.76; I*=0; Additional file 1: Fig S13). GLP-1RAs did
not affect Pulmonary hypertension (RR 1.02, 95% CI
0.51-2.05, p=0.95; I>=5; Additional file 1: Fig S14). Het-
erogeneity was absent or low for all meta-analyses ana-
lyzed above.

Discussion

The relationship between GLP-1RA and respiratory dis-
ease has rarely been studied in clinical studies. In 2021,
the results of a meta-analysis that included 7 RCT stud-
ies showed that GLP-RA uses resulted in a decreased risk
of respiratory disease [43]. This meta-analysis included
large RCTs with cardiovascular or renal outcomes as
experimental endpoints in patients with type 2 diabetes.
Our meta-analysis mainly focuses on people with type 2
diabetes, obesity, or overweight. We expand the crowd
even further. Furthermore, it is to determine whether the
risk may differ by GLP-1RA type, trial duration, control
type, and indication. In this regard, we have further dis-
cussed and systematically elaborated.

This meta-analysis examined the connection between
the injection of GLP-1 receptor agonists and the inci-
dence of diverse respiratory diseases. Two main discov-
eries were discovered. Firstly, compared to placebo or
other therapies, GLP-1 RAs greatly decreased the inci-
dence of total respiratory illness by 14%, particularly with
Semaglutid, Liraglutide, and Dulaglutide. In the forest
plot, several studies including Harmony Outlets (2018),
LEADER (2016), REWIND (2019), and SUSTAIN-6
(2016) appear to show a low risk of respiratory diseases.
These studies are all Cardiovascular Outcomes Trials,
which are large multi-country and multi-center RCTs.
The weight of these studies is between 10.1 and 23.4%,
and the total number of participants is between 3297
and 9901. Median follow-up time of these studies ranged
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GLP-1RAs Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% Cl
AMPLITUDE-M(2022) 16 304 8 102 08% 067(0.30,152) —
AMPLITUDE-O (2021) 51 2717 25 1359 22%  1.02[0.64,1.64] -T—
AWARD-4 (2015) 24 588 15 206  1.3%  0.81[0.43,1.51] s
AWARD-5 (2015) 11 606 3 315 03% 1.91[0.54,6.79) —]
AWARD-CHN2 (2019) 3 515 2 258 02% 0.75[0.13,4.49) —
Charbonnel et al. (2013) 1 327 1 326 01% 1.00(0.06,15.87)

ELIXA (2015) 79 3034 93 3034 60% 0.85[0.63,1.14] =T
EUREXA (2012) 39 515 35 514 23%  1.11[0.72,1.73] -T—
EXSCEL (2017) 90 7356 102 7396 66%  0.89[0.67,1.18] =T
Gallwitz et al. (2011) 0 248 2 246 02%  0.20[0.01,4.11)

GetGoal-0 (2017) 0 176 2 174 02%  0.20(0.01,4.09

HARMONY 3 (2014) 34 302 70 710 27%  1.14(0.78,1.68) T
HARMONY 4 (2014) 87 504 43 241 43%  0.85[0.62,1.16] =T
Harmony Outlets (2018) 142 473 156 4732 101%  0.91[0.73,1.14) -
LEAD -2 (2009) 3% 725 20 366 1.7%  0.91[0.53,1.55) -
LEAD-3 Mono (2009) 25 498 11 248 09%  1.13[0.57,2.26] 0
LEADER (2016) 307 4668 362 4672 234%  0.85(0.73,0.98) -
LIRA-RENAL (2016) 3 140 0 133 0.0% 6.95[0.36,133.32)

PIONEER 3 (2019) 10 1397 6 467 06% 056(0.20,152) —
PIONEER 6 (2019) 27 1591 38 1592 25%  0.71[0.44,1.16] -
REWIND (2019) 244 4949 301 4952 195%  0.81(0.69,0.96) -
SCALE Diabetes (2015) 27 634 14 212 14%  064[0.34,1.21] —T
STEP 2 (2021) 5 807 3 403 03%  0.83[0.20,3.47) —_—T
STEP 3 (2021) 1 407 0 204 00% 1.51][0.06,36.84)

STEP 5 (2022) 10 152 9 152 06%  1.11[0.46, 2.66] T
SUSTAIN 2 (2017) 4 818 0 407 00% 4.48(0.24,83.07)

SUSTAIN-6 (2016) 153 1648 179 1649 116%  0.86(0.70,1.05) -
Wilding et al. (2021) 2 1306 7 655 06% 0.14[0.03 069

Total (95% Cl) 41663 35822 100.0%  0.86[0.81,0.93] '
Total events 1431 1513

Heterogeneity: Chi*= 19.80, df= 27 (P = 0.84); F= 0% 9 :01 u=1 1 1:0 150

Test for overall effect: Z= 4.05 (P < 0.0001)

Favours [experimental] Favours [control]

Fig. 3 Forest plot of GLP-1 receptor agonists versus comparators on the risk of overall Respiratory diseases

No. of GLP-1 RAs Control B % Relative risks

Outcomes studies Events/Total Events/Total (95% CI) Test of effect (P value)

Albiglutide 3 263/5537 275/5683 0% B 0.93(0.79.1.10) 0.40
Dulaglutide 4 282/6658 321/5822 % — 0.82(0.70.0.96 ) 0.02

Exenatide 3 129/8119 139/8156 % ey 0.93 (0.74,1.18) 0.55
Liraglutide 6 399/6992 408/5963 % e 0.86 (0.75.0.98 ) 0.03
Lixisenatide 2 79/3210 95/3208 0% —_—, 0.83(0.62.1.12) 022
Semaglutide 8 212/8126 242/5529 % e 0.82(0.68.0.97) 0.02
Efpeglenatide 2 40/892 23/398 % - 0.76 (0.46.1.24) 027

0.4 06 0.8 1 12 14

Fig. 4 Forest plot of specific GLP-1 receptor agonists versus comparators on the risk of overall Respiratory diseases

from 1.6 to 5.4 years. Therefore, more participants and
longer follow-up time may better reflect the relationship
between the use of GLP-1RAs and the risk of respiratory
disease. It is meaningful to further evaluate the relation-
ship between long-term use of GLP-1RAs and the risk of
respiratory diseases in the future. In the secondary out-
come, the risk of pulmonary edema and bronchitis was
reduced. On the other hand, although statistical signifi-
cance was not reached, the use of GLP-1RAs showed a
trend towards a reduced risk of nine respiratory dis-
eases (pneumonia, pulmonary fibrosis, dyspnea, acute

respiratory failure, pleural effusion, COPD, sleep apnea
syndrome, and pulmonary embolism).

GLP-1RAs were highly expressed in the lung [4].
Among the extra-pancreatic organs, the lung had the
highest level of Glplr mRNA expression [44, 45]. More-
over, alveolar lining fluid had GLP-1 concentrations
that were substantially higher than those in serum [46].
This provides a pathway for a potential effect of GLP1-
RA beyond glucose regulation. So far, the mechanisms
underlying the protective effects of GLP-1RA in res-
piratory disease are not fully understood. GLP-1 RA
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Heterogeneity 5 :
Factor Bents/Totd  Reltiverisks@S5C) BS  Pvalue | ‘o ue forinteraction

Duration

<52 weeks 245/5270 0.85 (0.67,1.09) 0% 0.80

> 52 weeks and <104 weeks ~ 724/25674 0.95 (0.82,1.10) 1% 044 0.36

> 104 weeks 1975/46541 0.84 (0.77,0.91) 0% 098
Type of control

Placebo 2540/67297 0.85(0.79,0.92) 0% 0.69 037

Active comparator 328/9335 094 (0.76,1.17) 0% 075
Indication

T2DM 501/10609 0.98(0.3,1.17) 0% 076

Weight lose 78/4932 0.66 (0.43,1.03) 25% 025 0.16

CvoT 2033/58647 0.85(0.78,0.92) 0% 093

Fig. 5 Subgroup analysis: GLP-1 receptor agonists and Respiratory disease. CVOT: Cardiovascular Outcomes Trial

may reduce tracheal hyperresponsiveness by activating
the cAMP-dependent protein kinase A pathway in the
human airways [4]. It also mediates tracheal relaxation.
In a study using female mice in an obstructive pulmonary
disease model, the use of GLP-1RA was found to reduce
inflammation and improve lung function [10]. Mean-
while, some studies on GLP-1RA’s anti-inflammatory
effects in T2D patients have been conducted. GLP-1RA
inhibits oxidative stress and inflammatory mediator pro-
duction in patients with type 2 diabetes [47]. GLP-1RA
dramatically lowered the levels of eosinophil surface acti-
vation markers after LPS stimulation. Thus, it attenuated
LPS-stimulated eosinophil activation and reduced the
generation of IL-4, IL-8, and IL-13 [12]. This suggests that
GLP-1 may have an immunomodulatory role in asthma.
In addition, in a previous animal model, liraglutide pre-
treatment attenuated LPS-induced acute lung injury in
mice. It was linked to a decrease in the activity of inflam-
matory cytokines and chemokine genes in the lung, and
it significantly decreased lung injury scores, and lung
apoptosis [11]. In a related study, liraglutide was shown
to increase FVC, and carbon monoxide diffusion capac-
ity, and significantly reduce serum surface active protein
D (SP-D) levels (used as a biomarker to assess alveolar-
capillary barrier integrity) in patients with type 2 diabetes
[48, 49]. It is well known that pulmonary surface-active
substances (PS) are composed of various lipids and pro-
teins arranged on the alveolar surface. Its main function
is to maintain lung compliance and lung fluid homeosta-
sis. on the other hand, surfactant protein A is the most
prevalent protein in PS. As well, it has been shown that
liraglutide increases the expression of SP-A by activat-
ing the TTEF-1 signaling pathway. Thus, it may reduce the
occurrence of pulmonary edema [50].

In the results of a cohort study published in BMJ, new
users of GLP-1 receptor agonists had a 30% lower risk of
severe COPD exacerbation compared to new sulfony-
lurea users. There was also a reduced risk of moderate
exacerbation [6]. In another retrospective study, it was
shown that patients starting GLP-1RA in intensive glu-
cose-lowering therapy for patients with combined asthma
and type 2 diabetes had fewer asthma attacks than those
using other alternatives. Asthma symptoms were also
reduced [7]. Interestingly, insulin resistance may enhance
the pro-asthmatic effects of obesity. GLP-1 RAs may
reduce asthma through weight loss and improved insulin
sensitivity [51-53]. In addition, in a study that included
16,690 patients, patients with GLP-1RA experienced less
worsening of chronic lower respiratory disease compared
to DPP-41 users [8]. Finally, GLP-1 receptor agonists
may improve lung function by reducing body weight, as
abdominal obesity decreases lung capacity by pushing
the diaphragm into the chest cavity.

In our analysis, a trend towards a decreased risk of
sleep apnea syndrome was found with the use of GLP-
1RA (RR 0.86, 95% CI 0.50-1.45). GLP-1 RAs may bene-
fit patients with this obstructive sleep apnea syndrome by
weight loss, reducing systemic inflammation, improving
metabolic dysregulation, and reversing endothelial dys-
function [9]. Glucagon-like peptide-1 agonists have been
advocated in the literature as a one-stop shop for the
obesity-diabetes-OSA triad [9]. Besides, our results sug-
gest that GLP-1RAs may not affect Pulmonary hyperten-
sion. However, in previous studies, it was demonstrated
that GLP-1RAs could diastole pulmonary arteries in a
cAMP-dependent manner [54]. Meanwhile, Glucagon-
like peptide 1 receptor agonists attenuate autophagy via
Drpl/NOX- and Atg-5/Atg-7/Beclin-1/LC3B pathways
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to improve pulmonary hypertension [55]. The incon- RR Relative risk

sistent results may be due to the low incidence and the ol Confidence interval _

. . . . .. R . RCT Randomized controlled trial
incorporation of studies with limited sample sizes, statis-  cyor Cardiovascular outcome trial

tical effectiveness was not greatly increased. And it may PRISMA  Preferred reporting items for systematic reviews and
lead to small sample effect bias. In the study of several meta-analyses

categories of GLP-1 receptor agonists, we discovered that
Liraglutide, Semaglutid, and Dulaglutide were connected
to the low incidence of respiratory disease. This may be
related to the high amino acid homology of natural gluca-
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gon-like peptide-1, with Liraglutide reaching 97% [56]. Additional file 1: Figure S1. Risk of bias summary. Figure S2. Funnel plot
In addition, the chemical structures of different GLP-1 and Egger’s tesF for the comparison oftheinciden.ce of overall Respira-
RAs with different pharmacological characteristics from tory diseases with the se of GLP-1 receptor agonists versus placebo or

X . other antidiabetic treatments. Figure S3. Forest plot of GLP-1 receptor
each other. And these different findings could also be agonists versus comparators on the risk of Pulmonary edema. GLP-1RAs:
explained by unbalanced sample sizes. GLP-1 receptor agonists, RR: risk ratios, Cl: confidence Interval. Figure S4.

. : : P Forest plot of GLP-1 receptor agonists versus comparators on the risk of

This article ha? several advantages' F%rStly’.thls is the Bronchitis. GLP-1RAs: GLP-1 receptor agonists, RR: risk ratios, Cl: confidence
first meta-analysis to evaluate the relationship between Interval. Figure S5. Forest plot of GLP-1 receptor agonists versus compara-
GLP-1RAs and the risk of respiratory disease in greater tors on the risk of pneumonia. GLP-1RAs: GLP-1 receptor agonists, RR: risk
detail. The overweight or obese population was also rauos_, Cl: confidence Interval. Flgure.SG. Forest plot ofGLP—? receptor
) K agonists versus comparators on the risk of Pulmonary fibrosis. GLP-1RAs:
included and subgroup analyses were carried out. In GLP-1 receptor agonists, RR: risk ratios, Cl: confidence Interval. Figure
addition, all included studies were randomized con- S7. Forest plot of GLP-1 receptor agonists versus comparators on the
trolled trials. Finally, there was either no heterogeneity or risk of Dyspnoea. GLPjW RAs: GLP-1 receptor agonists, RR: risk rat\os,.CI:

R . . R confidence Interval. Figure S8. Forest plot of GLP-1 receptor agonists
very little heterogeneity in our meta-analysis. We admit versus comparators on the risk of Acute respiratory failure. GLP-1RAs:
several limitations of our research. Almost all included GLP-1 receptor agonists, RR: risk ratios, Cl: confidence Interval. Figure S9.

. . . . . Forest plot of GLP-1 receptor agonists versus comparators on the risk of
studies did not have resplratory dlsea.ses as a primary Pleural effusion. GLP-1RAs: GLP-1 receptor agonists, RR: risk ratios, Cl: con-
outcome, and these outcomes were derived from adverse fidence Interval. Figure S10. Forest plot of GLP-1 receptor agonists versus
event reports while not detecting Changes in lung func- comparators on the risk of Asthma. GLP-1RAs: GLP-1 receptor agonists,
ton. Second, the analysis included only trals reporting | " "1 € cr et s owe st oo/
respiratory disease, resulting in an unknown publication GLP-1 receptor agonists, RR: risk ratios, Cl: confidence Interval. Figure $12.
bias. In addition, although 28 studies were incorporated Forest plot of GLP-1 receptor agonists versus comparators on the.risk of
into this analysis, the wide confidence intervals reduced Sleep apnoea syndrome.'GLP—WRAs: GLP-1 receptor agonists, RR: risk rat-|os,

. K . . Cl: confidence Interval. Figure S13. Forest plot of GLP-1 receptor agonists
the quality of our findings. Finally, the limited amount versus comparators on the risk of Pulmonary embolism. GLP-1RAs: GLP-1
of events in the subgroups may have led to a lack of cer- receptor agonists, RR: risk ratios, Cl: confidence Interval. Figure S14.

. . . . ~ Forest plot of GLP-1 receptor agonists versus comparators on the risk of
tainty in the sqbgroup a.nalys1s.. The effect of using GLP Pulmonary hypertension. GLP-1RAs: GLP-1 receptor agonists, RR: risk ratios,
1RAs on respiratory disease is unknown. More large Cl: confidence Interval. Figure S15. Subgroup analyses (indication) of the
long-term RCTs with respiratory disease as the primary effects of GLP-1 receptor agonists on the risk of overall respiratory disease.

. . Figure S16. Subgroup analyses (control type) of the effects of GLP-1
outcome are.ne?ded in the fltlture to ‘evaluate the link receptor agonists on the risk of overall respiratory disease. Figure S17.
between the incidence of respiratory disease and GLP-1 Subgroup analyses (duration) of the effects of GLP-1 receptor agonists on
receptor agonjsts‘ the risk of overall respiratory disease. Figure S18. Forest plot of Albiglutide

versus comparators on the risk of overall Respiratory diseases. GLP-1RAs,
GLP-1 receptor agonists; RR, risk ratios; Cl, confidence interval. Figure
. Forest plot of Dulaglutide versus comparators on the risk of overa
Conclusion S19.F lot of Dulaglutid he risk of overall
In Conclusion, using GLP-1RAs was linked to a lower Respiratory dlsgases. GLP.—W RAs, GLP-1 receptor agonists; RR, r{\sk ratios;

. . . . Cl, confidence interval. Figure S20. Forest plot of Efpeglenatide versus
risk of overall respiratory diseases, espec1ally Pulmonary comparators on the risk of overall Respiratory diseases. GLP-1RAs, GLP-1
edema and Bronchitis. In the future, physicians should receptor agonists; R, risk ratios; Cl, confidence interval. Figure S21. Forest
pay attention to the relationship between GLP-1 RA use p!ot of Exenatide versus comparators on.the risk c.)fovevrall Respiratory

d the risk of . di d | he effi diseases. GLP-1RAs, GLP-1 receptor agonists; RR, risk ratios; Cl, confidence
and the risk of respiratory diseases and evaluate the eff- interval. Figure $22. Forest plot of Liraglutide versus comparators on the
cacy of GLP-1RAs in the primary and secondary preven- risk of overall Respiratory diseases. GLP-1RAs, GLP-1 receptor agonists; RR,
tion of respiratory diseases. risk ratios; Cl, confidence interval. Figure $23. Forest plot of Lixisenatide

versus comparators on the risk of overall Respiratory diseases. GLP-1RAs,
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S24. Forest plot of Semaglutide versus comparators on the risk of overall
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