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Abstract

The systematic review was registered on the PROSPERO website (CRD42024558287). Our objective is to
systematically summarise the clinical evidence of glucagon-like peptide-1 receptor agonists (GLP-1 RA) for
obstructive sleep apnea (OSA) in patients with Obesity or/and type 2 Diabetes Mellitus (T2DM). This analysis

was performed following the Preferred Reporting ltems for Systematic Reviews and Meta-Analyses statement. 10
databases and registers Web of Science, Scopus, PubMed, APA Psyclnfo, Embase, Ovid, Cochrane Library, CINAHL,
Clinicaltrials.gov, and International Clinical Trials Registry Platform (ICTRP) were retrieved from the establishment to
July 14, 2024 for related randomized controlled trials (RCT) and non-RCTs. Data were extracted by two investigators
separately, and only the RCTs were included in the quantitative synthesis. The outcome was operated by Review
Manager 5.4 and Stata 15.0. Ten studies containing eight RCTs and two non-RCTs were included. The efficacy of
the GLP-1 RA group in reducing apnea-hypopnea index (AHI) was superior to that of the control group in patients
with T2DM (MD = -5.68, 95%Cl [-7.97, -3.38], P<0.00001, ¥ =0%). GLP-1 RAs also possessed a tendency to reduce
AHI in patients with obesity but more evidence is needed to support the findings due to the inconsistency. In
consideration of the enhanced metabolic parameters observed with GLP-1 RAs, they may be recommended as
useful hypoglycaemic medication for the management of T2DM with OSA. Patients with obesity and OSA may
consider GLP-1 RA as a potential treatment option if the adverse events are deemed tolerable.
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Introduction

Obstructive sleep apnea (OSA) is characterized as a dis-
order that presents with more than 30 episodes of apneas
and low ventilation during sleep lasting at least 7 h per
night, or an apnea-hypopnea index (AHI)>5 times per
hour. This is due to the obstruction of the upper airway,
which may be accompanied by snoring and daytime
sleepiness symptoms [1]. OSA is becoming increasingly
recognized as a significant global public health concern
because of its high prevalence, affecting nearly one billion
individuals mainly male, and its association with other
conditions such as cardiovascular disease, metabolic syn-
drome, and neurological disorders [2—4]. Several stud-
ies have indicated that there is an association between
OSA and overweight, obesity, as well as diabetes [5-9].
The prevalence of OSA in patients with type 2 diabetes
mellitus (T2DM) is reported to be between about three-
fifths and four-fifths [10], and approximately four-fifths
of patients undergoing bariatric surgery have OSA [11,
12]. As the prevalence of obesity increases, there is a con-
comitant rise in the prevalence of OSA [13]. Moreover,
sleep-disordered breathing can lead to weight gain and
subsequently elevate the risk of developing diabetes [14,
15]. OSA is linked to metabolic dysregulation, impacting
glycemic control and the likelihood of developing dia-
betes. Intermittent hypoxemia resulting from OSA may
lead to glucose intolerance, insulin resistance, and the
progression of T2DM, while T2DM may enhance suscep-
tibility to or accelerate the progression of OSA [16, 17].

The treatment options for OSA include lifestyle inter-
ventions, positional therapy, positive airway pressure,
dental devices, and surgical treatment [18]. There are no
recommended medications now, while atomoxetine and
oxybutynin drugs may be helpful [19]. However, these
therapies adversely affect the treatment and quality of
life of patients with OSA due to poor patient compliance,
intolerance, high healthcare costs, and limited resources
[20-23]. Furthermore, the current gold standard therapy,
continuous positive airway pressure (CPAP) may contrib-
ute to weight gain in patients with OSA and its long-term
feasibility is questionable [24]. Glucagon-like peptide-1
receptor agonists (GLP-1 RAs) are novel agents for
T2DM, of which liraglutide, tirzepatide, and semaglu-
tide are approved for the treatment of obesity, with ben-
efits for metabolic syndrome and cardiovascular disease
[25-29].

Some reviews have summarized the existing clinical
trials of GLP-1 RA treatment for OSA. With the benefits
of promoting weight loss, enhancing insulin sensitivity,
and possessing anti-inflammatory and neuroprotective
properties, GLP-1 RAs may address the key pathophysi-
ological aspects of OSA and have great potential to
reduce polypharmacy and healthcare costs [30, 31]. A
meta-analysis combined six randomized controlled trials
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(RCTs) and non-RCTs indicated that GLP-1 RAs could
significantly reduce the severity of OSA indicator AHI
in both patients with obesity and non-obesity, as well as
lead to weight loss and lower blood pressure [32]. How-
ever, there is still a need for high-quality quantitative ana-
lytical evidence that adheres to the registration protocol
and is collected from additional databases, especially the
efficacy in different patient subgroups like the population
with obesity and T2DM. The findings may inform the
choice of appropriate medication to address these bidi-
rectional complex diseases.

Methods

Data sources and study selection

This systematic review adhered to the Preferred Report-
ing Items for Systematic Reviews and Meta-analyses
(PRISMA) guidelines [33]. The systematic review was
registered on the PROSPERO website with the registra-
tion number CRD42024558287.

Ten databases and registers including Web of Sci-
ence, Scopus, PubMed, APA PsycInfo, Embase, Ovid,
Cochrane Library, CINAHL, Clinicaltrials.gov, and Inter-
national Clinical Trials Registry Platform (ICTRP) were
retrieved from the establishment time of each database
to May 22, 2024, to find eligible RCTs and non-RCTs in
the first retrieval. A second search was conducted on July
14, 2024, to ascertain whether any recently published
trials could be included. The basic retrieval formula
was [(Obesity[Title/Abstract]) OR (Prediabetes[Title/
Abstract]) OR (Type 2 Diabetes Mellitus[Title/Abstract])]
AND (Obstructive Sleep Apnea[Title/Abstract]) AND
(Glucagon-like Peptide-1 Receptor Agonists[Title/
Abstract]) AND [(Randomized controlled trial[Title/
Abstract]. Different search formulas were built according
to the characteristics of each database and register (Table
S1).

Inclusion criteria

(1) Population: The study subjects were adult individu-
als with obesity, prediabetes, and/or T2DM complicated
by OSA, who met AHI>5 events/h, without regard to
whether the diagnosis was confirmed by polysomnogra-
phy [34]. (2) Intervention: The treatment group interven-
tion was GLP-1 RAs alone or combined with the same
interventions in the control group. (3) Comparison: The
control group interventions included placebo, CPAP, or
other antihyperglycemic medications, with no restric-
tions on basic therapy like limited caloric intake and
exercise regimens. (4) Outcome: The improvement of
sleep-disordered breathing parameters like AHI, oxygen
desaturation index (ODI), lowest blood oxygen satura-
tion (SpO,), time spent with SpO,<90% (TST90), and
Epworth Sleepiness Scale (ESS) before and after treat-
ment. Metabolic parameters change such as weight,
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blood glucose, blood pressure, lipids, uric acid, and
inflammatory factors, as well as adverse events outcomes.
(5) Study type: RCTs and non-RCTs, with no restrictions
on the language. Conference abstracts and preprints
would be considered for inclusion if data were deemed
sufficient.

Exclusion criteria

(1) Duplicate literature. (2) Case report, protocol, or
studies without a control group. (3) The control group
was treated with either DPP-IV inhibitors or GLP-1 RAs.
(4) The patient’s medical history included other serious
conditions that may influence the assessment of out-
comes. (5) The full text could not be obtained or the data
was insufficient to analyze.

Studies screening and data extraction

The retrieved bibliography obtained by searching data-
bases according to the retrieval strategy was imported
into Endnote software. By referring to the steps of the
PRISMA flow diagram, the literature was screened step
by step by picking the contents, then scanning the title
and abstract, and finally reading the full text. The fol-
lowing information was extracted: (1) First author and
publication time; (2) The baseline data including gender,
age, AHI, body mass index (BMI), and glycated hemoglo-
bin (HbAlc) of patients; (3) Intervention and treatment
courses in the GLP-1 RA group and the control group;
(4) Sleep-disordered breathing parameters, metabolic
parameters, and adverse events outcomes.

Risk of Bias assessment

The Cochrane Risk of Bias Assessment Tool was cho-
sen to assess the risk of bias in the included RCTs and
non-RCTs were evaluated using the Newcastle-Ottawa
Scale (NOS) [35, 36]. Three assessments low risk, high
risk, or uncertain bias would be judged according to the
situation of seven risk of bias items random sequence
generation, allocation concealment, performance bias,
detection bias, attrition bias, reporting bias, and other
bias of the included RCTs. Non-RCTs were considered
eligible if their NOS score was greater than or equal to 5.
The above assessment was completed by two researchers
independently. If there was any disagreement, it would be
decided by a third researcher.

Statistical analysis

Review Manager 5.4 software and Stata 15.0 software
were used for meta-analysis. The fixed effect model
would be applied when heterogeneity index I”<50% in
all subgroups and total, whereas when >50% would
change to the random effects model. Relative risk
(RR) and 95% confidence interval (CI) would be con-
veyed as the results of adverse events outcome, while
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sleep-disordered breathing parameters and metabolic
parameters were described as mean difference (MD) or
standardized mean difference (SMD) if the units were
different. In the case of multi-arm trials, the same type
of intervention groups were combined to convert the
new subgroups into two-arm trials. In instances where
this was not possible, the sample size of the treatment
group or control group was equally divided [37-41]. To
further analyze the heterogeneity of the included studies,
subgroup analysis of sleep-disordered breathing param-
eters and metabolic parameters was conducted according
to population and intervention, while subgroup analysis
of adverse events according to severity and specific type.
Sensitivity analysis and meta-regression were performed
to verify the robustness of the results and to detect
sources of heterogeneity. Furthermore, funnel plots,
Egger’s test, and the trim and fill method were employed
to evaluate publication bias and its effect on results.
TSA 0.9.5.10 software was used to estimate whether the
improvement of the AHI, OD], lowest SpO2, TST90, and
ESS continuous indicator outcomes achieved the amount
of required information size (RIS). We set Type 1 error to
5%, test power to 80%, and the RIS option as the “empiri-
cal” algorithm by default. The variance estimation of the
random effects model was conducted via the Biggerstaff-
Tweedie method to give greater weight to included trials
with larger sample sizes [42, 43]. The evidence quality of
outcomes was evaluated by using GRADE profiler 3.6
software and then classified as high, moderate, low, and
very low.

Results

Selection and identification of studies

178 studies were initially found in eight databases and
two registers, including 7 studies in PubMed, 1 in APA
PsycInfo, 28 in Embase, 21 in Scopus, 46 in Cochrane
Library, 2 in Ovid, 67 in Web of Science, 2 in CINAHL, 3
in Clinicaltrials.gov and 1 in ICTRP. 60 duplicated stud-
ies were excluded, 87 studies were removed in the pro-
cess of primary, and 21 studies in secondary screening.
Eventually, ten articles involving eight RCTs [44—51] and
two non-RCTs [52, 53] were included for system review
(Fig. 1).

Characteristics of included studies

The included studies were published from 2010 to 2024.
One study [48] was a multicenter study conducted in the
USA, Brazil, Australia, China, the Czech Republic, Ger-
many, Japan, Mexico, Puerto Rico, and Taiwan. The loca-
tions of the remaining studies were Canada, the USA, the
UK, Denmark, Ireland, and China. A total of six studies
included patients with obesity and OSA [47-52], while
four studies focused on patients with T2DM and OSA
[44-46, 53]. A total of eight studies [44—46, 48, 49, 51-53]
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Fig. 1 PRISMA 2020 flow diagram of literature screening

were conducted to diagnose OSA and evaluate sleep-dis-
ordered breathing parameters in conjunction with PSG,
as identified from original articles or other articles
from the same clinical study. One additional study [50]
employed Nox T3TM portable monitor devices, while
the remaining one studies [47] did not report on this
aspect. One study employed a three-arm trial design
[51], one study employed a four-arm trial design [46],
one study included two independent trials [48], one
study used different treatments for varying degrees of
OSA severity patients, and the remainder were two-arm

trials. 1420 Patients with OSA involving 761 patients
in the GLP-1 RA group and 659 patients in the control
group were finally included in the analysis (Table 1). The
control group interventions included blank control, pla-
cebo, other hypoglycemic drugs, and CPAP. The GLP-1
RAs utilized in the seven studies was liraglutide [45, 46,
49-53], while tirzepatide was employed in the remaining
two studies [47, 48], and exenatide in another [44]. The
majority of the patients enrolled in the study were mid-
dle-aged and older White males, with the age distribution
ranging from 40 to 70 years of age (Table 2).



Page 5 of 18

(2025) 23:389

Yang et al. Journal of Translational Medicine

ueIpal 4 (€0 ‘LO) UBIPBI .

!(@s) uoneinsp piepuels Fuea se passaidxa alam eyeq "uiqojboway paiedA|b O)yqH xapul ssew Apoq ‘|Ng xapul eaudodAy-esude ‘|Hy ‘9|qediidde jou ‘yN ‘dnoib |013u0d ) [dnoub Juswieall vy L-d19 ‘L :Ssuoneinliqqy

%c0+99 %S0FEL SEFESC 9€EF98C S8FE0C 6/F0LlC GLF/95 6/F80S <L/l 9l/vE eulyo Wdcl  1D4Y-uou [€S](0202) NN
VN VN JA&S JA&S 8< 8< 90L+St¥ 8+ /Y /L G/l vsn Auseqo 1Dy-uou [¢G] 2€STEBLOLDN (5107) Ulwy
jouw/joww  |ouW/jouw
9C+8/E L'€F06E CEF+09¢ €CF0¥E LZ+0S OlL+/v 8F LS S+0S /6 €/L pueei| Alseqo 104 [LSI#6¥981701DN (A7¢07) [[Puuoq,0
jow/joww  [oWw/joww
9CF8/E 6EFYEE TEFO0O9E L'EFOSE LZF0S 0CF¢€S 8F LS 6+0S /6 /8 pueai| Ausaqgo 104 [LS]¥6#981F0LDN (B¢07) [lPuuoq,0
[0S] 12099¥€01DN
VN VYN 9G+99¢ /e+lse LCL+0/LL 6€l+1llC /L9F¥S9 ¥8+019 0c¢ 6l Jlewdu=d Ausego 104 (zzog) uebog
[6¥]991/GSL01DN
VN YN V/F¥6E ¥OF68E S/CFE6F G/CFO06Y G6F¥8y 66F987 06/6CL 1G/6CL VSN 'epeued Aseqo 10 (9107) ueuntelg
uemie|
‘001Y 01N
‘021X
‘uede( ‘Auew
-39 "B1Yd9zD)
‘BUIYD
%Yy 0FS9G %/E0FC9S 09F/8E L9F98E COEFLES ¥VIC+19y €LLF/CS L0LF80S <C€/€8 €€//8 ‘eljessny Ausego 104 [8¥] ¥00Z L ¥SOLDN (Ar20T) enoyle
%SE0FY9S %/E0F69S L9F98E €/F/6E SLEFL0S S0EF6CS 6LLFV8y OLLFEL  L¥/6/L 9€/8L lIzeig 'ySn Ausaqo 104 [8¥] ¥00C L¥SOLDN (Br207) B1IOY[eN
VN VN £-6¢ €v—6€ N N €9-81 €5-81 65 8¢l VSN Aseqo 104 [£¥] (#200) UIRISUNID
e (09 e (19
VN VN q096¢ qCL'SE N N '6Y) LS o) ¥S  €L/0C  T/LL WaclL 104 [9%] OF7107) 220579 LNLDYSI
2 (09 e (19
VN VN q096¢ q(SLE N N '6Y) LS 'Sb)SS  €L/0T  vl/6L WdcL 104 [9¥] (¥ 10T) ¥7££0SCOLNLDYSI
e (LS o(19
VN VN qlC6E q(SLE N N '8%) ¢S 'Sh)SS  9l/LL vl/6L AN Wacl 104 [o¥] (e¥10T) #££0STOLNLDYSI
%LO0F Y9 %lL90F¥99 v¥+S9C ¥Y¥+S9C CCoOFL0e €/F0Lle G§SF8YS Vv/F/SS 9l/6Cc  Ol/ve eulyo Wact 104 [S¥] (€207) Buelr
VN VN VN VN N N 9/F65 98F8CS 8/t 9/t VSN wacl 10 [7¥] (0102) 86/9€ L LOLDN
b} 1 p) 1 p) 1 p) 1 p) 1 adA]
JLVqH (zw/B3) / 1Ng (y/s3uaA9) / IHY Jegp /9By Sjewad/dey  suoned>o]  uon-endod Apms S3IpmiS papnpu|

S3IPNIS PapN|dUl JO B1ep dUljaseg L d|qeL



Yang et al. Journal of Translational Medicine

(2025) 23:389

Table 2 Intervention and outcome of included studies
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Included Studies  Intervention Treat-  Key finding
T C ment
Course
NCT01136798 exenatide 5-10 ug,  placebo 6w Exenatide increased non-REM slow-wave sleep and sleep efficiency during
(2010) [44] bid+usual T2DM 5-10 ug, polysomnographic recording, decreased AHI, minutes of wake after sleep
therapy bid + usual onset, and mean 24-hour blood glucose. Exenatide did not increase adverse
T2DM therapy events.
Jiang (2023) [45] liraglutide 0.6— conventional  3m Liraglutide can effectively reduce BMI, SBP, and AHI, as well as improve lowest
1.8 mg, qd +CPAP hypoglycemic SpO2. Liraglutide did not increase side effects.
drugs+CPAP
ISRCTN16250774 liraglutide usual 26w Subcutaneous liraglutide can reduce AHI, weight, and HbA1c except ODI.
(2014a) [46] 0.6-1.8mg, qd anti-diabetes Liraglutide increased the risk of gastrointestinal disorders, infections, and
medications infestations.
ISRCTN16250774 liraglutide CPAP
(2014b) [46] 0.6-1.8 mg, qd
ISRCTN16250774 liraglutide 0.6- CPAP
(2014c¢) [46] 1.8 mg, qd+ CPAP
Grunstein (2024) tirzepatide placebo 72w Tirzepatide had significantly greater weight% change (= 5%/ >10%/>20% body
[47] 5/10/15 mg, qw 5/10/15 mg, weight reduction) and waist circumference reduction than those treated with
qw placebo.
Malhotra (2024a) tirzepatide 5-15mg, placebo 52w Tirzepatide reduced the AHI, body weight, hypoxic burden, hsCRP concentra-
NCT05412004 [48] qw 5-15mg, gw tion, and systolic blood pressure and improved sleep-related patient-reported
Malhotra (2024b) tirzepatide 5-15mg, placebo outcomes. The most frequently reported adverse events were generally mild-
NCTO05412004 (48]  qw+PAP 5-15mg, to-moderate gastrointestinal and occurred more frequently in the tripeptide
qw+PAP group.
Blackman (2016) liraglutide 0.6 placebo 06- 32w Liraglutide produced significantly greater reductions than placebo in AHI, body
NCTO01557166 [49] 3.0 mg, qd 3.0mg, qd weight, SBP, and HbAc. More participants reported adverse events primarily
gastrointestinal disorders with liraglutide than with placebo. The reduction in
hs-CRP was of borderline significance (P=0.05). No significant difference was
observed in total sleep time, percent of wake time after sleep onset, ESS, FOSQ,
PCS, or MCS of SF-36, or urinary albumin: creatinine ratio.
Dogan (2022) liraglutide 3.0 mg,  placebo 40w Liraglutide reduced AHI in participants with mild OSA and decreased ODI in
NCT03466021 [50]  qd or + CPAP 3.0mg,qd or participants with moderate-to-severe OSA who started treatment for OSA with
+CPAP CPAP. Treatment with liraglutide had no impact on PCS or MCS of SF-36.
O'Donnell (2024a)  liraglutide 0.6- CPAP 24w CPAP alone and combination resulted in a greater reduction in AHI than
NCT04186494 [51] 3.0 mg, qd 58+14h liraglutide alone. Only CPAP alone resulted in a significant decrease in vascular
O'Donnell (2024b)  liraglutide 0.6- CPAP inflammation and decrease in CRP. Low-attenuation coronary artery plaque
NCT04186494 [51]  3.0mg, qd+CPAP  58+14h volume decreased with CPAP and with combination therapy but not with the
47+18h liraglutide group.
Amin (2015) liraglutide blank control 4w There was a significant change in AHI in subjects who received liraglutide. No
NCT01832532[52]  0.6-1.8 mg, qd statistical difference in BMI, serious adverse events, or non-serious adverse
events between the liraglutide and blank control. The drug effect was indepen-
dent from weight loss.
Liu (2020) [53] liraglutide oral hypogly- 6m The liraglutide treatment group had a more significant decrease in BMI, waist
0.6-1.2mg, qd cemic drugs circumference, HbA1c, SBP, and AHI than the conventional hypoglycemic

therapy control group.

Abbreviations: T, GLP-1 RA treatment group; C, control group; CPAP, continuous positive airway pressure; REM, rapid eye movement; AHI, apnea-hypopnea index;
ODI, oxygen desaturation index; SpO2, oxygen saturation; TST90, time spent with Sp0O2 <90%; BMI, body mass index; HbAlc, glycated hemoglobin; SBP, systolic
blood pressure; ESS, Epworth Sleepiness Scale; FOSQ, Functional Outcomes of Sleep Questionnaire; hsCRP, high-sensitivity C-reactive protein; PCS, physical health
score; MCS, mental health score; SF-36, Short Form 36 health survey

Methodology quality assessment

Patients with OSA were randomly assigned in all eight
RCTs [44-51], and randomization methods included
random number, block design, and a sponsor-provided
telephone or web-based interactive response system.
Except for two articles [48, 49], the other RCTs did not
mention the allocation concealment. Five studies [44,
47-50] used a double-blind design, and one study [51]

blinded outcome assessors only. All eight RCTs reported
the situation and the specific reasons for the shedding
or the patients had not fallen off. The study protocols of
seven RCTs [44—46, 48—51] have been registered (Fig. 2).
The NOS scores of two non-RCTs [52, 53] were 6 and 5
respectively, which indicated that the quality was fair
enough (Table S2). However, given the notable difference
in populations and interventions of the two non-RCTs,
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they were excluded from the subsequent quantitative
synthesis.

Meta-analysis results

Sleep-disordered breathing parameters

The AHI change before and after treatment was reported
in seven studies with 11 trials [44—46, 48—51]. A random
effects model was utilized for the merger, and the results
demonstrated that the efficacy of GLP-1 RAs in reduc-
ing AHI was superior to that of the control group in both
the population with T2DM (MD = -5.68, 95%CI [-7.97,
-3.38], P<0.00001, I=0%) and total population (MD =
-7.03, 95%CI [-12.34, -1.71], P<0.00001, I” = 85%) (Fig. 3).
Further studies are required to demonstrate the efficacy
of GLP-1 RA in ODI, lowest SpO,, TST90, and ESS out-
comes (Table 3).

Metabolic parameters

Weight change in kilograms, waist circumference, BMI,
and weight% change were reported in five studies with
eight trials [45-49]. GLP-1 RA demonstrated markedly
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greater efficacy than the control group in reducing
weight in kilograms across the total population (MD =
-4.93, 95%CI [-5.95, -3.90], P<0.00001, ”=0%), includ-
ing those with obesity (MD = -5.17, 95%CI [-6.35, -3.99],
P<0.00001, =14%) and T2DM (MD = -4.19, 95%CI
[-6.27, -2.11], P<0.0001, =0%). Furthermore, GLP-1
RA treatment was associated with a superior reduction in
BMI, as well as waist circumference (MD = -3.55, 95%CI
[-4.87, -2.23], P<0.0001, I’=0%) and weight% change
(MD = -13.50, 95%CI [-21.76, -5.25], P=0.001, I =99%)
compared to placebo in the population with obesity.

Blood glucose index HbAlc change was reported
in three studies with five trials [45, 46, 49]. GLP-1 RAs
showed a significant statistical difference in reducing
HbAlc in the total population (SMD = -0.81, 95%CI
[-1.17, -0.45], P<0.00001, =61%) and the Population
with T2DM (SMD = -0.94, 95%CI [-1.51, -0.36], P=0.001,
F=70%).

Blood pressure outcomes including systolic blood
pressure (SBP) and diastolic blood pressure (DBP) were
reported in four studies with six trials [45, 46, 48, 49].

Population Treatment Control %
Study ID GLP-1RA N Mean (SD) N Mean (SD) WMD (95% Cl) Weight
Obesity |

Blackman (2016) liraglutide 168 —12.22(23.34) 166 —6.08 (25.90) -r-| -6.14 (-11.43,-0.85) 10.76
O’Donnell (2023a) liraglutide 10 -12.00(19.00) 5 -45.00(18.68) : ———— 33,00 (12.83,53.17) 4.40

1
O’Donnell (2023b) liraglutide 10 -43.00(15.14) 5 -45.00(18.68) + 2.00 (-16.87,20.87) 4.78
Dogan (2022) liraglutide 5 -9.25(6.34) 5 0.00 (6.34) —— -9.25(-17.11,-1.39) 9.53
Malhotra (2024a) tirzepatide 114 —25.30(22.06) 120 —5.30(23.19) - | —20.00 (-25.80, -14.20)10.54

Malhotra (2024b) tirzepatide 120 —29.30(21.80) 115

—5.50 (23.80) -

—23.80 (-29.64, -17.96)10.52

Subgroup, DL 427 416 -7.40(-17.50,2.70)  50.53
(I = 89.7%, p = 0.000) : |
|

T2DM ; |

ISRCTN16250774 (2020a) liraglutide 16 -8.74(6.88) 29 -3.88(13.96) : —4.86 (-10.96, 1.23) 10.40
ISRCTN16250774 (2020b) liraglutide 15 -8.74(6.88) 14 -7.31(13.71) j— -1.43(-9.42,6.55) 9.47
ISRCTN16250774 (2020¢) liraglutide 26 -12.78(9.41) 14 -7.31(13.71) —:‘+ -5.47 (-13.51,2.57) 9.44
Jiang (2023) liraglutide 44 -4.90(7.20) 45 1.50 (6.59) + -6.40 (-9.27,-3.53) 11.64
NCT01136798 (2010) exenatide 8 -5.50(10.57) 10 0.60(10.61) —6.10 (—15.94, 3.74) 8.52
Subgroup, DL 109 112 -5.68(-7.97,-3.38) 49.47

(”=0.0%, p = 0.843)

Heterogeneity between groups: p = 0.745
Overall, DL 536 528
(> = 85.0%, p = 0.000)

—-7.03 (-12.34,-1.71) 100.00

Fig. 3 Forest plot of AHI according to subgroups of population

L oo}

T 17T T 11 T T T
—50-40-30-20-10 0 10 20 30 40 50

4+—
Favours GLP-1 RA Favours control



Yang et al. Journal of Translational Medicine (2025) 23:389 Page 9 of 18

Table 3 Subgroup analysis according to population

Outcome Population Studies Patients Statistical Method Meta-analysis results

Effect Estimate (95% Cl) 12 P

AHI Total 1 1064 D (IV, Random) -7.03[-12.34,-1.71] 85% 0.010*
Obesity 6 843 D (IV, Random) -740[-17.50, 2.70] 90% 0.15
T2DM 5 221 D (IV, Random) -5.68 [-7.97,-3.38] 0% <0.00007%***

oDl Total 7 482 D (IV, Random) -1.68 [-6.72, 3.36] 48% 0.51
Obesity 4 378 D (IV, Random) -2.02[-12.21,8.17] 68% 0.70
T2DM 3 104 D (IV, Random) 0.35[-445,5.14] 0% 0.89

Lowest SpO, Total 4 453 D (IV, Random) 0.86 [-1.69, 3.41] 54% 0.51
Obesity 3 364 D (IV, Random) -045[-3.72,2.81] 35% 0.79
T2DM 1 89 D (IV, Random) 3.10[0.75,545] NA 0.01

TST90 Obesity 3 364 D (IV, Fixed) -0.30 [-3.37, 2.77] 22% 0.85

ESS Obesity 2 353 D (IV, Random) 1.03 [-1.69, 3.75] 83% 046

Weight Total 6 498 D (IV, Fixed) -4.93 [-5.95, -3.90] 0% <0.000071***
Obesity 3 383 D (IV, Fixed) -5.17 [6.35,-3.99] 14% <0.00007***
T2DM 3 115 D (IV, Fixed) -4191[-6.27,-2.11] 0% <0.0007***

Waist circumference Obesity 3 386 D (IV, Fixed) -3.55[-4.87, -2. 23] 0% <0.0007%**

BMI Total 2 446 D (IV, Fixed) -1.63[-2.05,-1.21] 0% <0.000071***
Obesity 1 357 D (IV, Fixed) -1.60 [-2.04,-1.16] NA <0.00001
T2DM 1 89 D (IV, Fixed) -2.00 [-3.49, 70,51] NA 0.009

Weight (%) Obesity 4 1019 MD (IV, Random) -13.50 [-21.76,-5.25] 99% 0.001**

HbAlc Total 5 551 SMD (IV, Random) -0.81 [-1.17,-045] 61% <0.000071***
Obesity 1 345 SMD (IV, Random) -0.64 [-0.86,-0.43] NA <0.00001
T2DM 4 206 SMD (IV, Random) -0.94 [-1.51,-0.36] 70% 0.001**

SBP Total 6 945 MD (IV, Fixed) -4.90 [-6.40, -3.39] 15% <0.000071***
Obesity 5 856 D (IV, Fixed) -4941-6.51,-3.37] 31% <0.000071***
T2DM 1 89 D (IV, Fixed) -4.40 [-9.64, 0.84] NA 0.10

DBP Total 6 945 D (IV, Fixed) -141 [-2.46,-0.35] 0% 0.009**
Obesity 5 856 D (IV, Fixed) -1.31[-241,-0.21] 0% 0.02%
T2DM 1 89 D (IV, Fixed) -2.50 [-6.23, 1.23] NA 0.19

TC Total 3 123 D (IV, Fixed) 0.10 [-0.08, 0,28] 0% 0.28
Obesity 2 30 D (IV, Fixed) 0.03[-0.33,040] 0% 0.85
T2DM 1 93 D (IV, Fixed) 0.12 [-0.09,0.33] NA 0.26

TG Obesity 2 30 MD (IV, Fixed) -0.20 [-0.81, 0.40] 0% 0.51

LDL Total 3 119 D (IV, Fixed) -0.08 [-0.32,0.16] 0% 0.52
Obesity 2 30 D (IV, Fixed) 0.13 [-0.34, 0.60] 0% 0.59
T2DM 1 89 D (IV, Fixed) -0.15[-0.43,0.13] NA 0.29

HDL Obesity 2 30 D (IV, Fixed) 0.08 [-0.02,0.18] 0% 0.13

Uric acid T2DM 1 89 MD (IV, Fixed) -28.32[-68.98, 12.34] NA 0.17

hsCRP Obesity 3 828 SMD (IV, Random) -0.36 [-0.56,-0.16] 51% 0.0004***

Note: MD, mean difference; SMD, standardized mean difference; IV, inverse variance method; NA, not applicable; *, P<0.05; **, P<0.01; *** P<0.001

The GLP-1 RA group was more effective in lowering SBP
than the control group (MD = -4.90, 95%CI [-6.40, -3.39],
P<0.00001, ’=15%), especially the population with
obesity (MD = -4.94, 95%CI [-6.51, -3.37], P<0.00001,
P=31%). The same obvious advantage of GLP-1 RA in
the reduction of DBP was observed in the total popula-
tion (MD = -1.41, 95%CI [-2.46, -0.35], P=0.009, I? = 0%)
and population with obesity (MD = -1.31, 95%CI [-2.41,
-0.21], P=0.02, = 0%).

Lipid outcomes including total cholesterol (TC), tri-
glycerides (TG), low-density lipoprotein (LDL), and high-
density lipoprotein (HDL) were reported in two studies

with three trials [45, 51]. The GLP-1 RA group did not
demonstrate any significant differences in the alteration
of lipid outcomes before and after treatment in compari-
son to the control group.

Two studies with three trials reported the hsCRP out-
come [48, 49]. In the population with obesity, GLP-1
RAs demonstrated superior efficacy in reducing hsCRP
compared to placebo (MD = -0.36, 95%CI [-0.56, -0.16],
P=0.0004, I’=51%). Further trials are required to illus-
trate the statistical difference between GLP-1 RAs and
other hypoglycemic drugs in the reduction of uric acid in
the population with T2DM (Table 3, Fig. S1).
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Adverse events outcome

One RCT [44] and one non-RCT [52] reported neither
serious adverse events nor non-serious adverse events
during the treatment duration. Four studies with seven
trials [45, 46, 48, 49] reported concrete situation and
their corresponding numbers. While the adverse events
leading to discontinuation and the serious adverse events
rate of GLP-1 RAs was comparable to that of the control
group, the incidence of non-serious adverse events was
found to be greater than the control group (RR=1.35,
95%CI [1.13, 1.62], P=0.001, > = 12%) (Fig. 4).

Subgroup analysis
Subgroup analyses of specific intervention showed that
GLP-1 RAs lowered AHI superior to placebo (MD =

Adverse events
Study ID

Adverse events leading to discontinuation
Blackman (2016)
Jiang (2023)

Malhotra (2024a)
Malhotra (2024b)
Subgroup, DL (I = 58.1%, p = 0.067)

Serious adverse events
Blackman (2016)

ISRCTN 16250774 (2014a) liraglutide vs. other hypoglycemic drugs
liraglutide vs. CPAP
liraglutide + CPAP vs. CPAP

tirzepatide vs. placebo

ISRCTN 16250774 (2014b)

ISRCTN 16250774 (2014c)
Malhotra (2024a)

Malhotra (2024b)

Subgroup, DL (I = 0.0%, p = 0.679)

Non-—serious adverse events
Blackman (2016)

ISRCTN 16250774 (2014b) liraglutide vs. CPAP
ISRCTN 16250774 (2014c) liraglutide + CPAP vs. CPAP
Jiang (2023) liraglutide vs. other hypoglycemic drugs

Subgroup, DL (I = 12.2%, p = 0.336)

Heterogeneity between groups: p = 0.197

Intervention

liraglutide vs. placebo
liraglutide vs. other hypoglycemic drugs
tirzepatide vs. placebo

tirzepatide vs. placebo

liraglutide vs. placebo
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-13.37, 95%CI [-21.09, -5.64], P=0.0007, I’=85%) and
other hypoglycemic drugs (MD = -6.12, 95%CI [-8.72,
-3.53], P<0.00001, ”=0%), but there was still no sig-
nificant advantage in direct comparisons (MD =14.49,
95%CI [-19.16, 48.14], P=0.40, I =90%) or combination
with CPAP over CPAP alone (MD = -4.32, 95%CI [-11.72,
3.08], P=0.25, P=0%) (Fig. 5). In comparison to the pla-
cebo, the difference in tirzepatide (MD = -21.89, 95%CI
[-26.00, -17.77], P<0.00001, ’=0%) was greater than
liraglutide (MD = -7.11, 95%CI [-11.50, -2.72], P=0.001,
P=0%), while exenatide required more evidence to
exhibit superior efficacy (Fig. S3).

In terms of metabolic parameters, when compared
directly (MD = -6.77, 95%CI [-10.00, -3.54], P<0.0001,
P=5%) or in combination with CPAP (MD = -3.89,

Risk Ratio %

(95% Cl) Weight
- g 339(1.39,824) 3594
! o 3.07(0.13,7331) 979
—— 263(0.52,1329) 23.52

I

—r 048(0.15,155)  30.75
1.73(057,5.30)  100.00
102(0.33,3.09) 2221

tirzepatide vs. placebo

liraglutide vs. placebo
ISRCTN 16250774 (2014a) liraglutide vs. other hypoglycemic drugs

4

0.25(0.03,2.12) 6.01
1.00(0.07,15.33)  3.69
1.03(0.07,15.79)  3.69

—— 1.35(0.52,3.51) 30.20
—gl-. 0.56 (0.23, 1.37) 34.20
2 0.83 (0.49, 1.40)  100.00

|* 142(1.17,1.71) 55.68

- 1.47 (0.94, 2.29) 14.87
1.38(0.90, 2.11) 16.03

0.77 (0.44,1.37) 9.49
1.88 (0.76, 4.63) 3.92
1.35(1.13,1.62) 100.00

_<>¢>";?'_+

|
.015625
Favours GLP-1 RA

[
64

ol — ¢

Favours control

Fig. 4 Forest plot of adverse events (The number of incidents of non-serious adverse events, particularly gastrointestinal disorders exceeded the total

number of individuals in Malhotra’s study)
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Intervention Treatment
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Control %

Study ID Population N Mean (SD) N Mean (SD) WMD (95% Cl) Weight
exenatide vs. placebo |
NCT01136798 (2010) T2DM 8 -550(1057) 10  0.60(10.61) -6.10(-15.94,3.74) 852
Subgroup, DL 8 10 3 —6.10(-15.94,3.74)  8.52
(=0.0%,p=.) %
liraglutide vs. placebo :
Blackman (2016) Obesity 168 —12.22(23.34) 166 —6.08 (25.90) > -6.14(~11.43,-0.85) 10.76
Dogan (2022) Obesity 5 -9.25(634) 5  0.00(6.34) - -9.25(-17.11,-1.39) 9.53
Subgroup, DL 173 171 $ -7.11(=11.50,-2.72) 20.29
(¥ = 0.0%, p = 0.520) : '
tirzepatide vs. placebo ;
Malhotra (2024a) Obesity 114 —25.30(22.06)120 -530(23.19) & | ~20.00 (—25.80, —14.20)0.54
Malhotra (2024b) Obesity 120 -29.30(21.80) 115 -5.50(23.80) = | ~23.80 (—29.64, ~17.96)0.52
Subgroup, DL 234 235 O .- ~21.89 (~26.00, ~17.7721.05
(*=0.0%, p = 0.366) :
liraglutide vs. other hypoglycemic drugs |-
ISRCTN16250774 (2014a) T2DM 16 -874(6.88) 29 -3.88(13.96) ~+ -4.86(~10.96,1.23) 10.40
Jiang (2023) T2DM 44 -490(7.20) 45  1.50(6.59) + -6.40(-9.27,-3.53) 11.64
Subgroup, DL 60 74 ) -6.12(~8.72,-3.53) 22.04
(I*=0.0%, p = 0.655) )
liraglutide vs. CPAP :
ISRCTN16250774 (2014b) T2DM 15 -874(6.88) 14 -7.31(13.71) -:J— -1.43(-9.42,655)  9.47
O'Donnell (2023a) Obesity 10 —12.00(19.00) 5 —-45.00 (18.68) | - = 3300(12.83,53.17)  4.40
Subgroup, DL 25 19 <:1:>— 14.49(~19.16,48.14) 13.87
(> = 89.7%, p = 0.002) !
liraglutide + CPAP vs. CPAP : |
ISRCTN16250774 (2014c) T2DM 26 -12.78(9.41) 14 -7.31(13.71) —— -547(-1351,257) 9.44
0'Donnell (2023b) Obesity 10 —43.00(15.14) 5 —-45.00 (18.68) —3— 2.00(-16.87,20.87) 4.78
Subgroup, DL 36 19 -4.32(-11.72,3.08) 14.22
(” = 0.0%, p = 0.475) '

I
Heterogeneity between groups: p = 0.000 ! |
Overall, DL 536 528 O ~7.03 (-12.34,-1.71) 100.00
(> = 85.0%, p = 0.000) |

T T 1
-50 -25 0 25 50

Fig. 5 Forest plot of AHI according to subgroups of intervention

95%CI [-6.63, -1.16], P=0.005, P=7%), GLP-1 RAs
achieved better benefits than CPAP alone in terms of
weight loss. GLP-1 RAs reduced weight%, SBP (MD =
-4.93, 95%CI [-7.67, -2.19], P=0.0004, I’=64%), DBP
(MD = -1.29, 95%CI [-2.44, -0.14], P=0.03, I =37%), and
hsCRP better than placebo. More evidence is needed to
support statistical conclusions for other intervention
subgroup comparisons (Table 4, Fig. S2).

Subgroup analysis by adverse events type revealed that
GLP-1 RAs increased the risk of gastrointestinal symp-
toms (including nausea, diarrhea, vomiting, constipation,
dyspepsia, gastroesophageal reflux disease, abdominal

<
Favours GLP-1 RA

Favours control

discomfort, and oropharyngeal pain) (RR=3.79, 95%CI
[2.43, 5.91], P<0.00001, I =45%), whereas no significant
difference was found for any of the other types of adverse
events (Fig. S4, Fig. S5). The adverse events leading to
discontinuation of liraglutide may be greater than those
of tirzepatide (RR=3.37, 95%CI [1.43, 7.92], P=0.005,
P =0%) (Fig. S6).

Sensitivity analysis and Meta-regression

The metaninf command sensitivity analysis result sug-
gested that the pooled effect sizes of the remaining stud-
ies were still in the 95%CI after the included studies were
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Table 4 Subgroup analysis according to intervention
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Outcome Intervention Subgroup Studies Patients Meta-analysis results
Effect Estimate 12 P
(95% Cl)
AHI Total 11 1064 -7.03 [-12.34,-1.71] 85% 0.010*
GLP-1 RA vs. placebo 5 831 -1337[-21.09,-5.64] 85% 0.0007***
GLP-1 RA vs. other hypoglycemic drugs 2 134 -6.12 [-8.72,-3.53] 0% <0.00001***
GLP-1 RA vs. CPAP 2 44 1449 [-19.16, 48.14] 90% 040
GLP-1 RA+CPAP vs. CPAP 2 55 -4.32[-11.72,3.08] 0% 0.25
oDl Total 7 482 -1.68 [-6.72,3.36] 48% 0.51
GLP-1 RA vs. placebo 2 348 -6.75 [114.05, 0.54] 41% 0.19
GLP-1 RA vs. other hypoglycemic drugs 1 42 1.46 [-4.80, 7.72] NA 0.65
GLP-1 RA vs. CPAP 2 43 -8.92 [-11.64,2948] 75% 040
GLP-1 RA+CPAP vs. CPAP 2 49 -3.19 [-12.66, 6.29] 0% 0.51
Lowest SpO, Total 4 453 0.86 [-1.69,341] 54% 0.51
GLP-1 RA vs. placebo 1 334 0.80[-1.14,2.74] NA 042
GLP-1 RA vs. other hypoglycemic drugs 1 89 3.10[0.75,5.45] NA 0.01
GLP-1 RA vs. CPAP 1 15 -6.00 [-13.33,1.33] NA 0.11
GLP-1 RA+CPAP vs. CPAP 1 15 0.00 [-5.98, 5.98] NA 1.00
TST90 Total 3 364 -0.301[-3.37,2.77] 22% 0.85
GLP-1 RA vs. placebo 1 334 -1.00[-4.19,2.19] NA 0.54
GLP-1 RA vs. CPAP 1 15 10.00 [-6.15, 26.15] NA 022
GLP-1 RA+CPAP vs. CPAP 1 15 7.00[-8.79,22.79] NA 0.38
ESS GLP-1 RA vs. placebo 2 353 1.03 [-1.69, 3.75] 83% 046
Weight Total 6 498 -4.93 [-5.95,-3.90] 0% <0.000071%**
GLP-1 RA vs. placebo 1 353 -4.86 [-6.12,-3.60] NA <0.00001
GLP-1 RA vs. other hypoglycemic drugs 1 47 -4.98 [-8.26,-1.71] NA 0.003
GLP-1 RA vs. CPAP 2 42 -6.77 [-10.00, -3.54] 5% <0.0007%***
GLP-1 RA+CPAP vs. CPAP 2 56 -3.89 [-6.63,-1.16] 7% 0.005**
Waist circumference Total 3 386 -3.55[-4.87,-2.23] 0% <0.00001%**
GLP-1 RA vs. placebo 1 356 -3.30[-4.69,-1.91] NA <0.00001
GLP-1 RA vs. CPAP 1 15 -5.00 [-11.80, 1.80] NA 0.15
GLP-1 RA+CPAP vs. CPAP 1 15 -7.00 [-12.90,-1.10] NA 0.02
BMI Total 2 446 -1.63 [-2.05,-1.21] 0% <0.000071***
GLP-1 RA vs. placebo 1 357 -1.60 [-2.04,-1.16] NA <0.00001
GLP-1 RA vs. other hypoglycemic drugs 1 89 -2.00[-3.49,-0.51] NA 0.009
Weight (%) GLP-1 RA vs. placebo 4 1019 -13.50[-21.76,-5.25] 99% 0.001**
HbA1c Total 5 551 -0.81[-1.17,-0.45] 61% <0.00007%**
GLP-1 RA vs. placebo 1 345 -0.64 [-0.86,-0.43] NA <0.00001
GLP-1 RA vs. other hypoglycemic drugs 2 136 -0.73 [-1.67,0.21] 83% 0.13
GLP-1 RA vs. CPAP 1 28 -1.33[-2.16,-0.50] NA 0.002
GLP-1 RA+CPAP vs. CPAP 1 42 -1.11 [-1.80,-042] NA 0.002
SBP Total 6 945 -4.90 [-6.60, -3.20] 15% <0.00007%**
GLP-1 RA vs. placebo 3 826 -493[-7.67,-2.19] 64% 0.0004***
GLP-1 RA vs. other hypoglycemic drugs 1 89 -4.40 [-9.64, 0.84] NA 0.10
GLP-1 RA vs. CPAP 1 15 -6.39[-12.88,0.10] NA 0.05
GLP-1 RA+CPAP vs. CPAP 1 15 -3.21[-12.10, 5.68] NA 048
DBP Total 6 945 -141 [-2.46,-0.35] 0% 0.009**
GLP-1 RA vs. placebo 3 826 -1.29[-2.44,-0.14] 37% 0.03*
GLP-1 RA vs. other hypoglycemic drugs 1 89 -2.50[-6.23, 1.23] NA 0.19
GLP-1 RA vs. CPAP 1 15 -1.60 [-6.39, 3.19] NA 0.51
GLP-1 RA+CPAP vs. CPAP 1 15 -1.39[-7.33,4.55] NA 0.68
TC Total 3 119 -0.08 [-0.30, 0.14] 0% 0.49
GLP-1 RA vs. other hypoglycemic drugs 1 89 -0.14[-041,0.13] NA 032
GLP-1 RA vs. CPAP 1 15 0.06 [-0.46, 0.58] NA 0.82
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Table 4 (continued)
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Outcome Intervention Subgroup Studies Patients Meta-analysis results
Effect Estimate 12 P
(95% Cl)
GLP-1 RA+CPAP vs. CPAP 1 15 0.01 [-0.51,0.53] NA 0.97
TG Total 2 30 -0.20[-0.81, 0.40] 0% 0.51
GLP-1 RA vs. CPAP 1 15 -0.38 [-1.19,043] NA 036
GLP-1 RA+CPAP vs. CPAP 1 15 0.02 [-0.89,0.93] NA 097
LDL Total 3 119 -0.08[-0.32,0.16] 0% 0.52
GLP-1 RA vs. other hypoglycemic drugs 1 89 -0.15[-043,0.13] NA 0.29
GLP-1 RA vs. CPAP 1 15 0.16 [-0.50, 0.82] NA 0.64
GLP-1 RA+CPAP vs. CPAP 1 15 0.10[-0.58,0.78] NA 0.77
HDL Total 2 30 0.08 [-0.02,0.18] 0% 0.13
GLP-1 RA vs. CPAP 1 15 0.08 [-0.06, 0.22] NA 0.26
GLP-1 RA+CPAP vs. CPAP 1 15 0.08 [-0.07,0.23] NA 0.30
Uric acid GLP-1 RA vs. other hypoglycemic drugs 1 89 -28.32 [-68.98, 12.34] NA 0.17
hsCRP GLP-1 RA vs. placebo 3 828 -0.36 [-0.56,-0.16] 51% 0.0004***

Note: NA, not applicable; *, P<0.05; **, P<0.01; ***, P<0.001

eliminated one by one in outcomes with large heteroge-
neity (Fig. S7).

Included studies were excluded once at a time to iden-
tify sources of heterogeneity. Following the exclusion of
one trial O’Donnell (2024a) [51], the AHI (MD = -13.00,
95%CI [-21.37, -4.63], P=0.002, >=85%) and ODI (MD
= -5.53, 95%CI [-9.92, -1.14], P=0.01, I’ =0%) outcomes
of the population with obesity exhibited notable differ-
ences from the initial statistical outcomes, becoming
statistically distinct from the control group (Fig. S8, Fig.
S9). Inconsistent results of AHI outcomes in the popula-
tion with obesity have been found when subdivided into
large (N'>100) and small (N<60) sample sizes (Fig. S10).
The examination of this heterogeneity in the study may
be due to the small sample of 10 participants included in
each arm of the study, which may have resulted in biased
reporting of results [54]. The result of adverse events
leading to discontinuation changed after eliminating the
Malhotra (2024b) trial [48], and the reason for heteroge-
neity was not found (Fig. S11). Other results were gener-
ally robust and did not change significantly.

Meta-regression was conducted on the AHI outcome
that exhibited large heterogeneity and possessed a suf-
ficient number of included studies. The results indicated
that population (P=0.680) or proportion of male partici-
pants (P=0.441) were not associated with heterogene-
ity among the included studies in the AHI outcome. The
specific GLP-1 RA used (P=0.000), comparison of inter-
ventions (P=0.027), and sample size (P=0.008) contrib-
uted to the heterogeneity (Table S3).

Publication Bias

Since only the AHI outcome contained studies up to
10, the funnel plot of it was generated, resulting in an
asymmetric graph. The P values of Egger’s test of all the

outcomes were greater than 0.05, suggesting no signifi-
cant publication bias and thus non-parametric trim and
fill method was not further applied. Since the strength
of Egger’s test was influenced by the small number of
included studies, the results should be treated with cau-
tion (Fig. S12, Table S4).

Trial sequential analysis

Trial sequential analysis was performed to evaluate the
AHI, OD]J, lowest SpO,, TST90, and ESS outcomes [42].
The blue Z-curve for the combined effect sizes of the
11 included trials crossed the horizontal green line of
the traditional boundary and red TSA threshold. More-
over, the AHI outcome reached RIS of 706 participants,
which indicated the sample size may be enough to sup-
port the conclusion (Fig. 6). The AHI results of the popu-
lation with obesity and T2DM were also affirmative and
the cumulative amount of sample size met expectations.
However, only lowest SpO, outcome in the population
with T2DM crossed the traditional boundary and TSA
threshold but did not reach RIS, indicating the possibility
of a false negative result. Other outcomes did not reach
these three lines, which suggested considerable uncer-
tainty about the statistical significance of the comparison
and that more trials are needed to demonstrate efficacy
(Fig. S13, Fig. S14).

GRADE evaluation

The quality of evidence of outcomes was evaluated by
GRADE profiler 3.6 software. The evaluation resulted in
three very-low quality evidence of TG, HDL, and uric
acid. The quality evidence of TST90, weight, waist cir-
cumference, weight% change, SBP, DBP, TC, LDL, serious
adverse events, and non-serious adverse events was mod-
erate. A total of seven low-quality evidence including
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AHI, ODI, lowest SpO,, ESS, BMI, HbAlc, and adverse
events leading to discontinuation. The majority of the
downgrades can be attributed to inconsistency result-
ing from great heterogeneity and the indirectness of the
diversity of interventions (Table S5).

Discussion

The results of our meta-analysis suggested that GLP-1
RAs exhibit the potential to treat OSA in patients with
obesity, particularly in terms of reducing AHI, which
was consistent with Li’s findings [32]. We also found that
this finding could be applicable to patients with T2DM
as well. As an important clinical indicator, AHI quantifies
the severity of OSA and guides treatment. A reduction in
the AHI indicates a decrease in the frequency of apnea
and hypopnea events during sleep, which means an
improvement in sleep quality, helping to prevent daytime
sleepiness and chronic fatigue, thereby improving qual-
ity of life [55]. In addition, a high AHI leads to decreased
oxygen saturation, which increases cardiovascular stress
[56] and may also induce chronic inflammation, insulin
resistance, and endocrine changes that affect metabolic
function [57]. Therefore, reducing AHI helps reduce the

incidence of cardiovascular and metabolic disease. While
some studies found that GLP-1 RAs demonstrated an
improvement in excessive daytime sleepiness [58, 59],
the pooled results did not ascertain statistical differences
in ESS outcome, nor ODI, lowest SpO,, and TST90 out-
comes. Additionally, the GLP-1 RA group demonstrated
efficacy in reducing body weight, blood glucose, blood
pressure, and hsCRP in comparison to the control group.
Improvements in these metabolic parameters have been
demonstrated to be a significant factor in overall health
and quality of life in patients [60].

Weight gain is an important factor in the progression
of OSA and it increases the risk of metabolic diseases
such as diabetes [61, 62]. Many indicators reflecting obe-
sity are significantly associated with OSA [62], while OSA
can also be alleviated with weight loss [63]. OSA is also
related to abnormal glucose metabolism in non-obese
individuals, and the risk of OSA occurrence is higher
in diabetes patients who require insulin treatment [64].
Moreover, OSA is linked to the development of hyper-
tension and cardiovascular disease in both adults and
children [65, 66].
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The primary effects of GLP-1 RA involve controlling
blood glucose levels in individuals with T2DM by pro-
moting glucose-dependent insulin release [67], inhibiting
glucagon production, decreasing hepatic glucose output
[68], improving insulin secretion, reducing the apoptosis
of B-cells, promoting the proliferation of -cells [69] and
curbing weight gain [70]. Other important effects include
losing weight by inhibiting gastric acid secretion [71, 72]
and gastrointestinal peristalsis [73, 74], reducing GI tran-
sit [75] and gastric wall tone [76].

GLP-1 RA has the function of maintaining blood glu-
cose stability and promoting weight loss. Furthermore,
in obese individuals with sleep disorders, the secretion
and activity of GLP-1 RA are decreased, which can lead
to abnormal sugar metabolism and weight gain, thereby
exacerbating OSA [63, 77, 78]. In recent years, it has been
discovered that GLP-1RA may have potential benefits in
treating OSA and its associated diabetes and metabolic
syndrome [79, 80]. Based on existing studies, the effects
of GLP-1RA on OSA may include weight loss and reduc-
tion in glycated hemoglobin; reduction in complications
associated with diabetes and metabolic syndrome; reduc-
tion in Adipose tissue around the upper airway; allevia-
tion of systemic inflammation, endothelial dysfunction,
and OSA-related cardiovascular diseases [79]. Existing
research has not fully explored how GLP-1 RA affects
the pathophysiological processes of OSA through their
pharmacological actions. Some studies suggest that the
impact of GLP-1 RA on OSA is mainly through reduc-
ing AHI [51, 53, 81]. The improvement in ESS and AHI
caused by GLP-1 RA is correlated with weight loss, BMI,
and reduced waist circumference [45, 49, 82]. Nonethe-
less, there is no notable connection between the decrease
in BMI and the enhancement in AHI for individuals
with a BMI exceeding 30. It suggested that the impact of
GLP-1 RA intervention on OSA may not be contingent
upon weight reduction. Further investigation is required
to elucidate the direct and indirect effects of GLP-1 RA
on OSA.

The current standard treatment CPAP has several dis-
advantages, including low compliance, reliance on hospi-
tal-based clinic devices, and potential weight gain, which
is not conducive to long-term disease control [24]. The
standardized diagnosis of OSA necessitates the use of
polysomnography. There are still many unclear issues in
the field of OSA diagnosis, including the role of various
screening diagnostic tools in the early detection and diag-
nosis of OSA and the necessity of early OSA screening.
The less restrictive application scenarios and considerable
weight reduction efficacy of GLP-1 RA may be applied to
CPAP complementary therapy for early prevention and
control of OSA [34, 83]. However, the gastrointestinal
side effects commonly associated with GLP-1 RAs, such
as nausea, vomiting, diarrhea, bloating, constipation,
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pancreatitis, gastroparesis, and bowel obstruction, may
affect long-term patient compliance and limit their wide-
spread clinical use [84]. These side effects are usually
more pronounced during the initial phase of treatment,
with varying severity, ranging from mild discomfort to
situations requiring dose adjustments or discontinuation
of the drug. Although these side effects are generally rare
and most patients can tolerate them [45, 46, 49], it is still
necessary to carefully assess the risks associated with dif-
ferent GLP-1 RAs during treatment [80]. Therefore, cli-
nicians must balance the metabolic benefits of the drug
with its potential gastrointestinal side effects and tailor
treatment plans to the individual patient’s condition.
Gradual dose escalation may be an effective strategy to
reduce the incidence of adverse events [85]. In addition,
the high cost of GLP-1 RAs may pose a barrier to their
widespread use, especially in resource-limited regions.
Despite these challenges, GLP-1 RAs still show great
potential as part of the standard treatment for patients
with OSA complicated by obesity and/or T2DM. As
research into the drug’s efficacy and side effects deepens,
as drug costs gradually decrease, and personalized treat-
ment plans are further optimized, GLP-1 RAs are likely
to become a routine treatment choice for this patient
population in the future. Future studies should focus on
exploring their efficacy in different patient groups, eval-
uating their long-term efficacy and safety, and further
refining treatment strategies to fully realize their thera-
peutic potential [86].

Limitations

Some limitations exist in our meta-analysis that may
inform future research. First, due to fewer relevant eli-
gible studies, we did not limit the requirement for ran-
domization. The same reported outcomes were fewer in
non-RCTs and we did not include them in the quantita-
tive synthesis. Future studies should be discussed in sepa-
rate analyses if included trials are adequate. Second, the
baseline AHI, BMI, and HbA1C information of the par-
ticipants was insufficient to stratify patients with vary-
ing degrees of OSA, obesity, and diabetes progression to
enhance the persuasiveness of the analysis. OSA is more
common in male patients and the majority of participants
included were male. Although meta-regression revealed
that the proportion of male patients was not associ-
ated with the source of heterogeneity in AHI outcome,
it may be beneficial for future studies to include suffi-
cient female participants and consider reporting treat-
ment outcomes separately for male and female patients.
Third, The small sample sizes, various interventions, and
the specific medications and dosages of other hypogly-
cemic drugs except GLP-1 RAs were not detailed, which
reduced the credibility of the results. Last, the majority
of the GLP-1 RAs analyzed in this study were liraglutide
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and tirzepatide. From indirect comparisons with the pla-
cebo, it appeared that tirzepatide demonstrated superior
AHI reduction and weight loss compared to liraglutide.
However, it is not feasible to directly compare the efficacy
of these specific GLP-1 RAs. In the future, similar trials
for the treatment of OSA such as new GLP-1 RA sema-
glutide versus liraglutide, directly or in combination with
CPAP versus CPAP alone, could be conducted to provide
recommendations for whether and which GLP-1 RA to
use in the clinic. It may prove beneficial for researchers
in the future to perform a network meta-analysis of more
similar trials to make recommendations for optimal treat-
ment and retrospectively analyze whether the efficacy of
GLP-1 RA in reducing body weight, blood glucose, blood
pressure, and inflammatory factors is associated with
improvement in OSA symptoms.

Conclusions

GLP-1 RAs, primarily liraglutide and tirzepatide, dem-
onstrated efficacy in reducing AHI, accompanied by an
observed decrease in body weight, blood glucose, blood
pressure, and inflammatory factors. Tirzepatide dem-
onstrated superior AHI reduction and weight loss com-
pared to liraglutide. However, both injections increase
the risk of gastrointestinal disorders, and the risk of tirz-
epatide is greater than that of liraglutide. In consideration
of the enhanced metabolic parameters observed with
GLP-1 RAs, they may be recommended as useful hypo-
glycaemic medication for the management of T2DM with
OSA. Although currently no significant differences in
reducing AHI have been identified between GLP-1 RAs
alone or in combination with CPAP versus CPAP alone,
patients with obesity and OSA may consider GLP-1 RA
as a potential treatment option if the adverse events are
deemed tolerable.
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TG Triglyceride

TST90 Time spent with SpO, < 90%

Page 16 of 18

Supplementary Information
The online version contains supplementary material available at https://doi.or
9/10.1186/512967-025-06302-y .

[ Supplementary Material 1 ]

Acknowledgements
None.

Author contributions

RY: Conceptualization; data curation; methodology; writing - original draft;
writing - review and editing. LZ: Writing - original draft; writing - review and
editing. JG: Writing - original draft. NW: Data curation; QZ: Writing - review
and editing. ZQ: Writing - review and editing. LW: Supervision; validation. LQ:
Supervision; validation. TL: Funding acquisition; supervision.

Funding

The work was funded by the Traditional Chinese Medicine Intervention of
Metabolic Diseases Research Project, Grant/Award Number: 90020165120003;
Key Laboratory Health Cultivation of the Ministry of Education Preservation,
Grant/Award Number: 2024-JYB-KYPT-002; (22) Beijing City "Double First-Class"
to Support High-Level Key Disciplines of TCM Funding of 23 years - TCM
Health Cultivation: 90010963420018.

Declarations

Ethical statement
Not applicable.

Conflict of interest
The named authors have no conflicts of interest, financial or otherwise.

Received: 31 December 2024 / Accepted: 23 February 2025
Published online: 03 April 2025

References

1. Gottlieb DJ, Punjabi NM. Diagnosis and management of obstructive sleep
apnea: A review. JAMA. 2020;323:1389-400.

2. Jordan AS, McSharry DG, Malhotra A. Adult obstructive sleep Apnoea. Lancet.
2014;383:736-47.

3. Veasey SC, Rosen IM. Obstructive sleep apnea in adults. N Engl J Med.
2019;380:1442-9.

4. Benjafield AV, Ayas NT, Eastwood PR, Heinzer R, Ip MSM, Morrell MJ, Nunez
CM, Patel SR, Penzel T, Pépin JLD, et al. Estimation of the global prevalence
and burden of obstructive sleep apnoea: a literature-based analysis. LANCET
RESPIRATORY Med. 2019;7:687-98.

5. Arnardottir ES, Bjornsdottir E, Olafsdottir KA, Benediktsdottir B, Gislason T.
Obstructive sleep Apnoea in the general population: highly prevalent but
minimal symptoms. Eur Respir J. 2016;47:194-202.

6. Fietze |, Laharnar N, Obst A, Ewert R, Felix SB, Garcia C, Glaser S, Glos M,
Schmidt CO, Stubbe B, et al. Prevalence and association analysis of obstruc-
tive sleep apnea with gender and age differences - Results of SHIP-Trend. J
Sleep Res. 2019,28:212770.

7. Heinzer R, Vat S, Marques-Vidal P, Marti-Soler H, Andries D, Tobback N, Mooser
V, Preisig M, Malhotra A, Waeber G, et al. Prevalence of sleep-disordered
breathing in the general population: the hypnolaus study. Lancet Respir Med.
2015;3:310-8.

8. KendzerskaT, Gershon AS, Hawker G, Tomlinson G, Leung RS. Obstructive
sleep apnea and incident diabetes. A historical cohort study. Am J Respir Crit
Care Med. 2014;190:218-25.

9. TufikS, Santos-Silva R, Taddei JA, Bittencourt LR. Obstructive sleep apnea
syndrome in the Sao Paulo epidemiologic sleep study. Sleep Med.
2010;11:441-6.

10. Foster GD, Sanders MH, Millman R, Zammit G, Borradaile KE, Newman AB,
Wadden TA, Kelley D, Wing RR, Sunyer FX, et al. Obstructive sleep apnea
among obese patients with type 2 diabetes. Diabetes Care. 2009;32:1017-9.


https://doi.org/10.1186/s12967-025-06302-y
https://doi.org/10.1186/s12967-025-06302-y

Yang et al. Journal of Translational Medicine

18.
19.

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

32.

33.

(2025) 23:389

Peromaa-Haavisto P, Tuomilehto H, Kossi J, Virtanen J, Luostarinen M, Pihlaja-
maki J, Kakela P, Victorzon M. Prevalence of obstructive sleep Apnoea among
patients admitted for bariatric surgery. A prospective multicentre trial. Obes
Surg. 2016;26:1384-90.

Sareli AE, Cantor CR, Williams NN, Korus G, Raper SE, Pien G, Hurley S, Maislin
G, Schwab RJ. Obstructive sleep apnea in patients undergoing bariatric
surgery-a tertiary center experience. Obes Surg. 2011,21:316-27.

Peppard PE, Young T, Barnet JH, Palta M, Hagen EW, Hla KM. Increased
prevalence of sleep-disordered breathing in adults. Am J Epidemiol.
2013;177:1006-14.

Peppard PE, Young T, Palta M, Dempsey J, Skatrud J. Longitudinal study

of moderate weight change and sleep-disordered breathing. JAMA.
2000;284:3015-21.

Reichmuth KJ, Austin D, Skatrud JB, Young T. Association of sleep apnea

and type Il diabetes: a population-based study. Am J Respir Crit Care Med.
2005;172:1590-5.

Aurora RN, Punjabi NM. Obstructive sleep Apnoea and type 2 diabetes mel-
litus: a bidirectional association. Lancet Respir Med. 2013;1:329-38.

Budhiraja R, Budhiraja P, Quan SF. Sleep-disordered breathing and cardiovas-
cular disorders. Respir Care. 2010;55:1322-32. discussion 1330-1322.

Patel SR. Obstructive sleep apnea. Ann Intern Med. 2019;171:TC81-96.

Lee YC, Lu CT, Chuang LP, Lee LA, Fang TJ, Cheng WN, Li HY. Pharmacotherapy
for obstructive sleep apnea - A systematic review and meta-analysis of
randomized controlled trials. Sleep Med Rev. 2023;70:101809.

McArdle N, Kingshott R, Engleman HM, Mackay TW, Douglas NJ. Partners of
patients with sleep Apnoea/hypopnoea syndrome: effect of CPAP treatment
on sleep quality and quality of life. Thorax. 2001;56:513-8.

Patil SP, Ayappa IA, Caples SM, Kimoff RJ, Patel SR, Harrod CG. Treatment of
adult obstructive sleep apnea with positive airway pressure: an American
academy of sleep medicine clinical practice guideline. J Clin Sleep Med.
2019;15:335-43.

Srijithesh PR, Aghoram R, Goel A, Dhanya J. Positional therapy for obstructive
sleep Apnoea. Cochrane Database Syst Rev. 2019;5:CD010990.

Wittmann V, Rodenstein DO. Health care costs and the sleep apnea syn-
drome. Sleep Med Rev. 2004;8:269-79.

Chen B, Drager LF, Peker Y, Vgontzas AN, Phillips CL, Hoyos CM, Salles GF, Guo
M, LiY. Effect of continuous positive airway pressure on weight and local
adiposity in adults with obstructive sleep apnea: A Meta-Analysis. Ann Am
Thorac Soc. 2021;18:1717-27.

Cohen S, Beckey C. Liraglutide and cardiovascular outcomes in type 2 diabe-
tes. N Engl J Med. 2016;375:1797.

Davies MJ, Aroda VR, Collins BS, Gabbay RA, Green J, Maruthur NM, Rosas SE,
Del PS, Mathieu C, Mingrone G, et al. Management of hyperglycemia in type
2 diabetes, 2022. A consensus report by the American diabetes association
(ADA) and the European association for the study of diabetes (EASD). Diabe-
tes Care. 2022;45:2753-86.

Javor E, Lucijanic M, Skelin M. Once-Weekly semaglutide in adults with over-
weight or obesity. N Engl J Med. 2021;385:e4.

Lingvay |, Catarig AM, Frias JP, Kumar H, Lausvig NL, le Roux CW, Thielke D,
Viljoen A, McCrimmon RJ. Efficacy and safety of once-weekly semaglutide
versus daily Canagliflozin as add-on to Metformin in patients with type 2
diabetes (SUSTAIN 8): a double-blind, phase 3b, randomised controlled trial.
Lancet Diabetes Endocrinol. 2019;7:834-44.

Pi-Sunyer X, Astrup A, Fujioka K, Greenway F, Halpern A, Krempf M, Lau DC, le
Roux CW, Violante OR, Jensen CB, Wilding JP. A randomized, controlled trial of
3.0 mg of liraglutide in weight management. N Engl J Med. 2015,373:11-22.
Dragonieri S, Portacci A, Quaranta VN, Carratu P, Lazar Z, Carpagnano GE,
Bikov A. Therapeutic potential of Glucagon-like Peptide-1 receptor agonists
in obstructive sleep apnea syndrome management: A narrative review. Dis
(Basel Switzerland). 2024:12:224.

Zhou BN, Liu X, Hu K. Research status of glucagon-like peptide-1 recep-

tor agonists on obstru Ctive sleep apnea. Zhonghua Jie he he Hu Xi Za
zhi=zhonghua Jiehe he Huxi Zazhi= Chine. Se J Tuberculosis Respiratory Dis.
2024:47:281-5.

Li M, Lin H, Yang Q, Zhang X, Zhou Q, Shi J, Ge F. Glucagon-like peptide 1
receptor agonists for the treatment of obstruc Tive sleep apnea: a meta-
analysis. Sleep 2024:zsae280.

Page MJ, McKenzie JE, Bossuyt PM, Boutron |, Hoffmann TC, Mulrow CD,
Shamseer L, Tetzlaff JM, Akl EA, Brennan SE, et al. The PRISMA 2020 statement:
an updated guideline for reporting systematic reviews. BMJ (Clinical Res ed).
2021;372:n71.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Page 17 of 18

Kapur VK, Auckley DH, Chowdhuri S, Kuhimann DC, Mehra R, Ramar K, Harrod
CG. Clinical practice guideline for diagnostic testing for adult obstructive
sleep apnea: an American academy of sleep medicine clinical practice guide-
line. J Clin Sleep Med. 2017;13:479-504.

Stang A. Critical evaluation of the Newcastle-Ottawa scale for the assessment
of the quality of nonrandomized studies in meta-analyses. Eur J Epidemiol.
2010;25:603-5.

Sterne JAC, Savovi¢ J, Page MJ, Elbers RG, Blencowe NS, Boutron |, Cates CJ,
Cheng H-Y, Corbett MS, Eldridge SM, et al. RoB 2: a revised tool for assessing
risk of bias in randomised trials. BMJ (Clinical Res ed). 2019;366:14898.

Lortie CJ. Doing Meta-Analysis with R - A Hands-On guide. J Stat Softw 2022,
102.

Wan X, Wang W, Liu J, Tong T. Estimating the sample mean and standard
deviation from the sample size, median, range and/or interquartile range.
BMC Med Res Methodol. 2014;14:135.

Borenstein M, Hedges LV, Higgins JP, Rothstein HR. Introduction to meta-
analysis. Wiley; 2021.

Luo D, Wan X, Liu J, Tong T. Optimally estimating the sample mean from the
sample size, median, mid-range, and/or mid-quartile range. Stat Methods
Med Res. 2016;27:1785-805.

Altman DG, Bland JM. How to obtain the P value from a confidence interval.
BMJ. 2011;343:d2304.

Biggerstaff B, Tweedie R. Incorporating variability in estimates of heterogene-
ity in the random effects model in meta-analysis. Stat Med. 1997;16:753-68.
Thorlund K, Engstrem J, Wetterslev J, Brok J, Imberger G, Gluud C. Trial
sequential analysis (TSA). Copenhagen Trial Unit; 2017.

NCT01136798. Impact of exenatide on sleep in type 2 diabetes. https://clinic
altrialsgov/study/NCT01136798 2010.

Jiang W, Li W, Cheng J, Li W, Cheng F. Efficacy and safety of liraglutide in
patients with type 2 diabetes mellitus and severe obstructive sleep apnea.
SLEEP Breath. 2023;27:1687-94.

EU Clinical Trials Register. Continuous positive airway pressure with or with-
out liraglutide in obstructive sleep apnoea and type 2 diabetes (ROMANCE).
https://trialsearchwhoint/Trial2aspx?TriallD=EUCTR2014-000988-41-GB 2014.
Grunstein RR, Taylor R, Shinde S, Dunn JP, Bednarik J, Stefanski A, Falcon B.
Effect of tirzepatide on weight loss in patients with obstructive sleep apnea
and obesity from surmount-1. Sleep. 2024,47:A264-5.

Malhotra A, Grunstein RR, Fietze |, Weaver TE, Redline S, Azarbarzin A, Sands
SA, Schwab RJ, Dunn JP, Chakladar S. Tirzepatide for the treatment of obstruc-
tive sleep apnea and obesity. N Engl J Med 2024.

Blackman A, Foster GD, Zammit G, Rosenberg R, Aronne L, Wadden T,
Claudius B, Jensen CB, Mignot E. Effect of liraglutide 3.0 mg in individuals
with obesity and moderate or severe obstructive sleep apnea: the scale sleep
apnea randomized clinical trial. Int J Obes. 2016;40:1310-9.

Dogan ADA, Hess S, Jensen TT, Bladbjerg E-M, Juhl CB, Hilberg O. Effects of
Treatment with Liraglutide on Health Related Quality of Life and Obstructive
Sleep Apnea in People with Obesity and Chronic Obstructive Pulmonary
Disease. Preprint 2022.

O'Donnell C, Crilly S, O'Mahony A, O'Riordan B, Traynor M, Gitau R, McDonald
K, Ledwidge M, O'Shea D, Murphy DJ, et al. Continuous positive airway
pressure but not GLP1-mediated weight loss improves early cardiovascular
disease in obstructive sleep apnea: A randomized Proof-of-Concept study.
Ann Am Thorac Soc. 2024;21:464-73.

Amin RS, Simakajornboon N, Szczesniak RV. Treatment Of Obstructive Sleep
Apnea With Glucagon Like Peptide-1 Receptor Agonist. American Journal of
Respiratory and Critical Care Medicine 2015, 191:A4144.

Liu K, Yuan H, Wang D, Yuan Q, Shi X. Effects of liraglutide on sleep-disordered
breathing and diabetic microangiopathy in patients with type 2 diabetes
mellitus and obstructive sleep apnea-hypopnea syndrome. Chin J Diabetes
Mellitus. 2020;12:86-91.

Borenstein M, Higgins JP. Meta-analysis and subgroups. Prev Sci.
2013;14:134-43.

Grote L, Anderberg CP, Friberg D, Grundstrom G, Hinz K, Isaksson G, Murto T,
Nilsson Z, Spaak J, Stillberg G et al. National Knowledge-Driven management
of obstructive sleep Apnea-The Swedish approach. Diagnostics (Basel) 2023,
13.

Azarbarzin A, Sands SA, Stone KL, Taranto-Montemurro L, Messineo L, Terrill
P, Ancoli-Israel S, Ensrud K, Purcell S, White DP, et al. The hypoxic burden

of sleep Apnoea predicts cardiovascular disease-rel Ated mortality: the osteo-
porotic fractures in men study and the sleep heart health study. Eur Heart J.
2019;40:1149-57.


https://www.clinicaltrialsgov/study/NCT01136798
https://www.clinicaltrialsgov/study/NCT01136798
https://www.trialsearchwhoint/Trial2aspx?TrialID=EUCTR2014-000988-41-GB
https://www.trialsearchwhoint/Trial2aspx?TrialID=EUCTR2014-000988-41-GB

Yang et al. Journal of Translational Medicine

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.
68.
69.
70.
71.

72.
73.

(2025) 23:389

Labarca G, Gower J, Lamperti L, Dreyse J, Jorquera J. Chronic intermittent
hypoxia in obstructive sleep apnea: a narrative R Eview from pathophysiolog-
ical pathways to a precision clinical approach. Sleep Breath = Schlaf Atmung.
2020;24:751-60.

Gomez-Peralta F, Abreu C, Castro JC, Alcarria E, Cruz-Bravo M, Garcia-Llorente
MJ, Albornos C, Moreno C, Cepeda M, Almodévar F. An association between
liraglutide treatment and reduction in excessive daytime sleepiness in obese
subjects with type 2 diabetes. BMC Endocr Disorders 2015, 15.

Idris I, Abdulla H, Tilbrook S, Dean R, Ali N. Exenatide improves excessive
daytime sleepiness and wakefulness in obese patients with type 2 diabetes
without obstructive sleep Apnoea. J Sleep Res. 2013;22:70-5.

Garvey WT, Mechanick JI, Brett EM, Garber AJ, Hurley DL, Jastreboff AM,
Nadolsky K, Pessah-Pollack R, Plodkowski R, Reviewers of the AACEOCPG:
American Association of Clinical Endocrinologists and American College of
Endocrinology Comprehensive Clinical Practice Guidelines for Medic. Endocr
Practice: Official J Am Coll Endoc Rinology Am Association Clin Endocrinolo-
gists, 22 Suppl 3:1-203.

Arnaud C, Bochaton T, Pepin JL, Belaidi E. Obstructive sleep Apnoea and car-
diovascular consequences: pathophysiological mechanisms. Arch Cardiovasc
Dis. 2020;113:350-8.

Yeghiazarians Y, Jneid H, Tietjens JR, Redline S, Brown DL, El-Sherif N, Mehra R,
Bozkurt B, Ndumele CE, Somers VK. Obstructive sleep apnea and cardiovas-
cular disease: A scientific statement from the American heart association.
Circulation. 2021;144:e56-67.

Papaetis GS. GLP-1 receptor agonists, SGLT-2 inhibitors, and obstructive sleep
apnoea: can new allies face an old enemy? Arch Med Sci Atheroscler Dis.
2023;8:19-34.

Huang T, Lin BM, Stampfer MJ, Tworoger SS, Hu FB, Redline S. A Population-
Based study of the bidirectional association between obstructive sleep
apnea and type 2 diabetes in three prospective U.S. Cohorts. Diabetes Care.
2018;41:2111-9.

Ai'S, LiZ,Wang S, Chen S, Chan JW, Au CT, Bao Y, Li AM, Zhang J, Chan KC-C,
Wing Y-K. Blood pressure and childhood obstructive sleep apnea: A system-
atic rev lew and meta-analysis. Sleep Med Rev. 2022,65:101663.

Salman LA, Shulman R, Cohen JB. Obstructive sleep apnea, hypertension, and
cardiovascular risk: epidem iology, pathophysiology, and management. Curr
Cardiol Rep. 2020;22:6.

Drucker DJ, Habener JF, Holst JJ. Discovery, characterization, and clinical
development of the glucagon-like peptides. J Clin Invest. 2017;127:4217-27.
Holst JJ. The physiology of glucagon-like peptide 1. Physiol Rev.
2007;87:1409-39.

Campbell JE, Drucker DJ. Pharmacology, physiology, and mechanisms of
incretin hormone action. Cell Metab. 2013;17:819-37.

Mariam Z, Niazi SK. Glucagon-like peptide agonists: A prospective review.
Endocrinol Diabetes Metab. 2024;7:e462.

Papaetis GS. Incretin-based therapies in prediabetes: current evidence and
future perspectives. World J Diabetes. 2014;5:817-34.

Schubert ML. Gastric acid secretion. Curr Opin Gastroenterol. 2016,32:452-60.
Tolessa T, Gutniak M, Holst JJ, Efendic S, Hellstrom PM. Inhibitory effect of
Glucagon-like Peptide-1 on small bowel motility. The American Society for
Clinical Investigation; 1998.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

Page 18 of 18

Schirra J, Houck P, Wank U, Arnold R, Goke B, Katschinski M. Effects of
glucagon-like peptide-1(7-36)amide on antro-pyloro- duodenal motility in
the interdigestive state and with duodenal lipid perfusion in humans. Gut
2000.

Wang JY, Wang QW, Yang XY, Yang W, Li DR, Jin JY, Zhang HC, Zhang XF. GLP-1
receptor agonists for the treatment of obesity: role as a promising approach.
Front Endocrinol (Lausanne). 2023;14:1085799.

Schirra J, Wank U, Arnold R, Géke B, Katschinski M. Effects of glucagon-like
peptide-1(7-36)amide on motility and sensation of the proximal stomach in
humans. Gut 2002.

Matsumoto T, Harada N, Azuma M, Chihara Y, Murase K, Tachikawa R, Minami
T, Hamada S, Tanizawa K, Inouchi M, et al. Plasma incretin levels and dipepti-
dyl Peptidase-4 activity in patients with obstructive sleep apnea. Annals Am
Thorac Soc. 2016;13:1378-87.

Reutrakul S, Sumritsopak R, Saetung S, Chanprasertyothin S, Anothaisintawee
T.The relationship between sleep and glucagon-like peptide 1 in patients
with abnormal glucose tolerance. J Sleep Res. 2017;26:756-63.

Sultana R, Sissoho F, Kaushik VP, Raji MA. The case for early use of Glucagon-
like Peptide-1 receptor agonists in obstructive sleep apnea patients with
comorbid diabetes and metabolic syndrome. Life (Basel) 2022, 12.

Zhou Beini L, Xu, Ke H. Research status of glucagon-like peptide-1 receptor
agonists on obstructive sleep apnea. Chin J Tuberc Respir Dis 2024:281-5.

Le KDR, Le K, Foo F. The impact of Glucagon-like peptide 1 receptor agonists
on obstructive sleep apnoea: A scoping review. Pharm (Basel) 2024, 12.
Gomez-Peralta F, Abreu C, Castro JC, Alcarria E, Cruz-Bravo M, Garcia-Llorente
MJ, Albornos C, Moreno C, Cepeda M, Almodovar F. An association between
liraglutide treatment and reduction in excessive daytime sleepiness in obese
subjects with type 2 diabetes. BMC Endocr Disord. 2015;15:78.

Grunstein RR, Wadden TA, Chapman JL, Malhotra A, Phillips CL. Giving weight
to incretin-based pharmacotherapy for obesity-related sleep apnea: a revolu-
tion or a pipe dream? Sleep 2023, 46.

Sodhi M, Rezaeianzadeh R, Kezouh A, Etminan M. Risk of Gastrointestinal
adverse events associated with glucagon-like peptide-1 receptor agonists for
weight loss. JAMA. 2023;330:1795-7.

Li S, Vandvik PO, Lytvyn L, Guyatt GH, Palmer SC, Rodriguez-Gutierrez R,
Foroutan F, Agoritsas T, Siemieniuk RA, Walsh M. SGLT-2 inhibitors or GLP-1
receptor agonists for adults with type 2 diabetes: a clinical practice guideline.
bmj 2021, 373.

Drager LF. A meta-analysis of Glucagon-like peptide 1 receptor and dual
agonists for the treatment of obstructive sleep apnea: end of the history or
Ju St the beginning? Sleep 2024:zsaf004.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Glucagon-like Peptide-1 receptor agonists for obstructive sleep apnea in patients with obesity and type 2 diabetes mellitus: a systematic review and meta-analysis
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Data sources and study selection
	﻿Inclusion criteria
	﻿Exclusion criteria
	﻿Studies screening and data extraction
	﻿Risk of Bias assessment
	﻿Statistical analysis

	﻿Results
	﻿Selection and identification of studies
	﻿Characteristics of included studies
	﻿Methodology quality assessment
	﻿Meta-analysis results
	﻿Sleep-disordered breathing parameters
	﻿Metabolic parameters
	﻿Adverse events outcome


	﻿Subgroup analysis
	﻿Sensitivity analysis and Meta-regression
	﻿Publication Bias
	﻿Trial sequential analysis
	﻿GRADE evaluation
	﻿Discussion
	﻿Limitations
	﻿Conclusions
	﻿References


