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Abstract: Objective: Exenatide, albiglutide, dulaglutide, and semaglutide are once-weekly glucagon-like peptide re-
ceptor agonists (GLP-1 RAs), approved to treat type 2 diabetes mellitus (T2DM). However, there is limited evidence 
concerning safety levels of once-weekly GLP-1 RAs, including cardiovascular risks and rare events. The current me-
ta-analysis was conducted to pool all relevant evidence regarding safety levels of once-weekly GLP-1 RAs. Methods: 
The current meta-analysis was conducted using PubMed, Embase, Cochrane Library, and the Website www.clini-
caltrials.gov, aiming to identify all available trials with a duration of at least 24 weeks. For dichotomous variables, 
Mantel-Haenszel odds ratios (MH-OR) for incidence of major cardiovascular events (MACE), such as all-cause and 
cardiovascular mortality, pancreatic cancer, prostate cancer, and papillary thyroid cancer, were calculated. Cardio-
vascular risks were estimated according to mean differences in changes in HbA1c, body weights, blood pressure, 
heart rates, and lipid profiles. Results: Of the 41 included trials, 39 studies provided at least one event on MACE. 
Incidence of MACE was significantly reduced by once-weekly GLP-1 RAs, compared with the comparators group. 
Subgroup analyses suggested that a significant reduction was obtained, comparing once-weekly GLP-1 RAs and 
placebos (P < 0.001). Furthermore, a significant reduction was noted in all-cause mortality rates. Non-significant 
differences were observed in cardiovascular mortality rates, as well as incidence rates of pancreatic cancer, papil-
lary thyroid cancer, and prostate cancer. Conclusion: Cardiovascular safety levels of once-weekly GLP-1 RAs were 
determined for patients with type 2 diabetes mellitus.
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Introduction

Progressive β-cell failure and insulin resistan- 
ce are main clinical features of type 2 diabet- 
es mellitus, leading to time-consuming treat-
ments. Hence, exogenous insulin therapy has 
gradually become the most common replace-
ment therapy, helping people receive the glyce-
mic goal [1]. In a previous study [2], however, 
GLP-1 RAs showed superior effects, compared 
to other oral antidiabetic drugs, concerning 
reduction of glycated hemoglobin (HbA1c, %). 
They significantly reduced the risk of hypoglyce-
mia in patients. GLP-1 acts on islet β-cells in a 
glucose-dependent manner. It promotes the 
transcription of insulin genes and increases  
the biosynthesis and secretion of insulin. Mo- 
reover, it can stimulate the proliferation and  
differentiation of β-cells and inhibit the apopto-
sis of β-cells, thereby increasing the numbers 

of islet β-cells. This suppresses the secretion of 
glucagon, appetite, and ingestion, delaying gas-
tric emptying [3-5]. These pharmacological ac- 
tions help to reduce postprandial blood glu-
cose, maintaining it at a constant level without 
hypoglycemia. Clinical trials have demonstrat-
ed that GLP-1 RAs can control glycemia, reduc-
ing risks of hypoglycemia and improving weight 
loss.

Data from several sources have identified a  
significantly better adherence in once-weekly 
GLP-1 RAs-treated patients diagnosed with 
type 2 diabetes mellitus, compared with once-
daily GLP-1 RAs-treated patients [6]. The ap- 
pearance of once-weekly injections has offered 
a great convenience to patients with type 2 dia-
betes mellitus. Once-weekly GLP-1 RAs include 
exenatide, albiglutide, dulaglutide, and sema-
glutide. In January 2012, an exenatide susta- 
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ined-release microsphere formulation was ap- 
proved by the Food and Drug Administration 
(FDA). It is the first long-acting GLP-1 formula-
tion with only one injection per week, aiming to 
greatly improve the quality of lives of diabetic 
patients [7]. Dulaglutide is the third once-week-
ly GLP-1 RAs after exenatide and albiglutide. 
Semaglutide was approved by the FDA in De- 
cember 2017, as the newest GLP-1 RA [8].

Evidence has demonstrated that uncontrolled 
diabetes increases risks of cardiovascular dis-
eases (CVD). A large-scale and long-term ran-
domized trial showed that GLP-1 RAs reduced 
occurrence rates of major adverse cardiovas-
cular events (MACE) [9]. However, cardiovascu-
lar safety data of once-weekly GLP-1 RAs is 
lacking. Therefore, in the current study, MACEs 
of once-weekly GLP-1 RAs were analyzed, aim-
ing to assess the cardiovascular safety from 
available trials and short-term clinical trials 
with a meta-analysis. One area of concern with 
GLP-1 Ras is pancreatic safety [10]. Rare events 
seldom supported by evidence before, such as 
papillary thyroid cancer and prostate cancer, 
were also assessed. Cardiovascular and rare 
events safety of once-weekly GLP-1 Ras, includ-

mber 2018. In addition, some completed but 
unpublished studies were reviewed from the 
www.clinicaltrials.gov register. 

A meta-analysis was performed, collecting all 
randomized clinical trials mainly comparing car-
diovascular risks with once-weekly GLP-1 RAs 
treatment with placebos or other active drugs 
(oral antidiabetic drugs and/or insulin). All scre- 
ened trials lasted at least 24 weeks and all 
patients enrolled were diagnosed with type 2 
diabetes mellitus. Two reviewers, independent-
ly, screened the titles and abstracts of the 
remaining studies after removing duplicates. 
They then investigated eligible studies by view-
ing full texts. Trials enrolling non-diabetic, non-
weekly GLP-1 RAs, other diseases, and GLP-
1RAs were excluded. No reviews were published 
elsewhere. After these exclusions, 46 records 
remained, describing 41 studies. These were 
included in the current meta-analysis (Figure 
1).

Data extraction

For each eligible study, relevant data were ex- 
tracted, including trial design, details of inter-

Figure 1. PRISMA flow diagram.

ing exenatide, albiglutide, du- 
laglutide, and semaglutide, in 
randomized controlled trials 
(RCTs) were assessed. They 
were compared with placebos 
or other active drugs in pati- 
ents diagnosed with type 2 
diabetes mellitus.

Materials and methods

The current meta-analysis was 
based on the criteria of PR- 
ISMA statement [11] and was 
registered on PROSPERO. The 
registration number is CRD- 
42019121315.

Search method and study 
selection

Relevant studies were drawn 
from PubMed, Embase, and 
the Cochrane Library using the 
search terms ‘exenatide’ OR 
‘dulaglutide’ OR ‘albiglutide’ 
OR ‘semaglutide’. Studies us- 
ing these terms were collect- 
ed from inception up to Dece- 
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Table 1. Details of included trials in this meta-analyses

Study Clinical trials Trial duration Intervention Comparator Patients 
(ID/C) Background therapy Total 

HbA1c
Total 
BMI

Wysham 2014 [15] AWARD-1/NCT01064687 52 Dulaglutide 1.5 mg Exenatide BID 245 237 Metformin (1500-3000 mg) and 
pioglitazone (30-45 mg)

8.1 33

Dulaglutide 0.75 mg 254

GIORGINO 2014 [16] AWARD-2/NCT01075282 78 Dulaglutide 1.5 mg Insulin glargine titrated 
once daily

273 262 Metformin + glimepiride 8.1 33

Dulaglutide 0.75 mg 272

Umpierrez 2014 [17] AWARD-3/NCT01126580 52 Dulaglutide 1.5 mg Metformin 
1500~2000 mg daily

220 213 Up to one oral antidiabetic drug 
(background treatment was 

discontinued after enrollment)

7.6 33

Dulaglutide 0.75 mg 218

JENDLE 2014 [18] AWARD-4/NCT01191268 52 Dulaglutide 1.5 mg Glargine 295 296 Prandial lispro (± metformin) 8.5 32.5

Dulaglutide 0.75 mg 293

Nauck 2014 [19], Weinstock 2015 AWARD-5/NCT00734474 52 + 104 Dulaglutide 1.5 mg Sitagliptin 100 mg 304 315 Metformin ≥ 1500 mg daily 8.1 31

Dulaglutide 0.75 mg 302

Dungan 2014 [20] AWARD-6/NCT01624259 26 Dulaglutide 1.5 mg Liraglutide 1.8 mg 299 300 Metformin 8.1 33.6

Dungan 2016 [21] AWARD-8/NCT01769378 26 Dulaglutide 1.5 mg Placebo 240 60 Sulfonylurea 8.4 31.6

Pozzilli 2017 [22] AWARD-9/NCT02152371 28 Dulaglutide 1.5 mg Placebo 150 150 Insulin glargine ± metformin 8.4 32.7

Ludvik 2018 [23] AWARD-10/NCT02597049 24 Dulaglutide 1.5 mg Placebo 142 140 SGLT2 inhibitor ± metformin 8.04 32.68

Dulaglutide 0.75 mg 142

Araki 2015 [24] NCT01584232 26 Dulaglutide 0.75 mg Once-daily glargine 181 180 Sulfonylurea only, biguanides 
only, or sulfonylurea and  

biguanide

8.0 26.0

Miyagawa 2015 [25] NCT01558271 26 Dulaglutide 0.75 mg Liraglutide 281 141 Oral antidiabetic drugs 8.14 25.5

Placebo 70

Drucker 2008 [26], Taylor 2011 
[27], Wysham 2015 [28], Henry 
2016 [29]

DURATION-1/NCT00308139 30 + 104 + 5 
years + 6 years

Exenatide once a week Exenatide twice a day 148 147 With or without metformin ± 
sulfonylurea ± thiazolidinedione

8.3 35

Bergenstal 2010 [30] DURATION-2/NCT00637273 26 Exenatide once a week Sitagliptin once daily 160 166 Metformin 8.5 32

Pioglitazone once daily 165

Diamant 2010 [31], DIAMANT 2012 
[32], Diamant 2014 [33]

DURATION-3/NCT00641056 26 + 84 + 156 Exenatide once a week Once daily insulin 
glargine

233 223 Metformin ± sulfonylurea 8.3 32

RUSSELL-JONES 2012 [34] DURATION-4/NCT00676338 26 Exenatide once a week Metformin 248 246 None 8.5 31.2

Pioglitazone 163

Sitagliptin 163

Blevins 2011 [35] DURATION-5/NCT00877890 24 Exenatide once a week Exenatide twice a day 129 123 With or without metformin ± 
sulfonylurea ± thiazolidinedione

8.4 33.3

Buse 2013 [36] DURATION-6/NCT01029886 26 Exenatide once a week Liraglutide 461 450 Metformin ± sulfonylurea ± 
pioglitazone

8.4 32.3

Guja 2018 [37] DURATION-7/NCT02229383 28 Exenatide once a week Placebo 233 231 IG ± metformin 8.53 33.7

Gadde 2017 [38] DURATION-NEO-2/NCT01652729 28 Exenatide 2.0 mg 
QWS-AI

Sitagliptin 100 mg 181 122 Metformin 8.5 31.7

Placebo 61
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Holman 2017 [39] EXSCEL/NCT01144338 7.5 years Exenatide once a week Placebo 7356 7396 None 8.0 32

Ferdinand 2014 [40] NCT01149421 26 Dulaglutide 1.5 mg Placebo 251 250 With or without metformin ± 
sulfonylurea ± thiazolidinedione

7.9 33.0

Dulaglutide 0.75 mg 254

Ji 2013 [41] NCT00917267 26 Exenatide once a week Exenatide twice a day 340 338 With or without other OAMs 8.7 26.6

Inagaki 2012 [42] NCT00935532 26 Exenatide once a week Once daily insulin 
glargine

215 212 Biguanide + sulfonylurea (± 
thiazolidine derivative)

8.5 26.15

Reusch 2014 [43], Perkins 2014 
[44]

HARMONY-1/NCT00849056 52 + 156 Albiglutide 30 mg once 
weekly

Placebo 150 151 Pioglitazone ≥ 30 mg ± metfor-
min ≥ 1500 mg daily

8.0 34.1

Nauck 2016 [45] HARMONY-2/NCT00849017 52 Albiglutide 30 mg 
weekly

Placebo 101 101 None 8.1 33.5

Albiglutide 50 mg 
weekly

99

Ahren 2014 [46] HARMONY-3/NCT00838903 104 Albiglutide 30-50 mg 
weekly

Glimepiride 302 307 Metformin ≥ 1500 mg daily 8.1 32.6

Sitagliptin 302

Placebo 101

Weissman 2014 [47] HARMONY-4/NCT00838916 52 Albiglutide 30 mg once 
weekly

Insulin glargine 504 241 Metformin ≥ 1500 mg daily ± 
sulfonylurea

8.31 33.1

Home 2015 [48] HARMONY-5/NCT00839527 52 Albiglutide 30-50 mg Pioglitazone 30-45 mg 281 288 Metformin ≥ 1500 mg daily + 
sulfonylurea dose equivalent to 

≥ 4 mg daily of glimepiride

8.24 32.2

Placebo 116

Rosenstock 2014 [49] HARMONY-6/NCT00976391 52 Albiglutide 30-50 mg 
once weekly

Insulin lispro titrated 
thrice weekly

285 281 Insulin glargine ± oral antidia-
betic drugs

8.4 -

Pratley 2014 [50] HARMONY-7/NCT01128894 32 Albiglutide 50 mg once 
weekly

Liraglutide 1.8 mg 
once daily

404 408 Insulin glargine ± oral antidia-
betic drugs

8.16 32.8

Leiter 2014 [51] HARMONY-8/NCT01098539 52 Albiglutide 30-50 mg 
once weekly

Sitagliptin 25-100 mg 
once daily

249 246 Oral antidiabetic drugs 8.18 30.39

Leiter 2017 [52] NCT00976391 52 Albiglutide 30-50 mg 
once weekly

Thrice-daily lispro 285 281 Insulin glargine ± oral antidia-
betic drugs

7.25 -

Chen 2018 [53] NCT01644500 26 Dulaglutide 1.5 mg Daily glimepiride (1-3 
mg/d).

239 242 Oral antidiabetic drugs 8.0 25.9

Dulaglutide 0.75 mg 239

Nino 2017 [54] NCT01733758 52 Albiglutide 30 mg once 
weekly 

Liraglutide 160 103 Oral antidiabetic drugs 8.11 25.8

Albiglutide 50 mg once 
weekly

Placebo 150 77

Davies 2013 [55] NCT01003184 30 Exenatide once a week Once- or twice-daily 
insulin detemir

111 105 Metformin ± sulfonylurea 8.36 33.7

Sorli 2017 [56] SUSTAIN1/NCT02054897 30 Semaglutide 0.5 mg 
weekly

Placebo 128 129 Metformin 8.05 32.93

Semaglutide 1.0 mg 
weekly

130

Ahren 2017 [57] SUSTAIN2/NCT01930188 56 Semaglutide 0.5 mg 
weekly

Sitagliptin 100 mg 
once daily

409 407 Metformin ± thiazolidinediones 8.1 32.5

Semaglutide 1.0 mg 
weekly

409
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Aroda 2017 [58] SUSTAIN4/NCT02128932 30 Semaglutide 0.5 mg 
weekly

Insulin glargine 362 360 Metformin ± sulfonylurea 8.2 33.0

Semaglutide 1.0 mg 
weekly

360

Rodbard 2018 [59] SUSTAIN5/NCT02305381 30 Semaglutide 0.5 mg 
weekly

Placebo 132 133 Oral antidiabetic drugs 8.4 32.2

Semaglutide 1.0 mg 
weekly

131

Marso 2016 [60] SUSTAIN6/NCT01720446 104 Semaglutide 0.5 mg 
weekly

Placebo 0.5 mg 826 824 Oral antidiabetic drugs ± basal 
or premixed insulin

8.7 -

Semaglutide 1.0 mg 
weekly

Placebo 1.0 mg 822 825

Hernandez 2018 [61] NCT02465515 3 years Albiglutide 30-50 mg 
once weekly

Placebo 4731 4732 None - 32.3
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vention and control treatment, participant ba- 
seline characteristics, and prespecified out-
comes on rare events.

MACE was the principal outcome, including car-
diovascular deaths, strokes and acute myocar-
dial infarction, and serious cardiovascular ev- 
ents (heart failure, angina pectoris, coronary 
artery disease, sinus bradycardia). Secondary 
outcomes included all-cause and cardiovascu-
lar mortality. This study also collected cardio-
vascular risk factors, including changes in 
HbA1c, changes in body weights, data on end-
point totals and HDL cholesterol and triglycer-
ides, as well as systolic and diastolic blood 
pressure levels, as secondary outcomes. In 
addition, occurrence rates of pancreatic can-
cer, papillary thyroid cancer, and prostate can-
cer, as rare adverse events, were assessed. 

Risk of bias assessment

Cochrane’s collaboration risk of bias tool [12] 
was used to determine risk of selection bias 
(random sequence generation), selection bias 
(allocation concealment), performance bias 
(blinding of participants and personnel), detec-
tion bias (blinding of outcome assessment), 
attrition bias (incomplete outcome data), and 
reporting bias (selective reporting), as well as 
other biases. 

Data synthesis and analyses

Assessing occurrence of MACE, all-cause and 
cardiovascular mortality, pancreatic cancer, pr- 
ostate cancer, papillary thyroid cancer, and rel-
ative cardiovascular risk factors, the current 
study pooled estimates across all trials, com-
paring once-weekly GLP-1 RAs with placebos  
or other active drugs. Subgroup analyses were 
condcuted for different types of comparators  
or individual once-weekly GLP-1 RAs.

For dichotomous variables, such as incidence 
of MACE and all-cause cardiovascular mortali-
ty, as well as prevalence of pancreatic cancer, 
prostate cancer, and papillary thyroid cancer, 
the number of events and totals of the treat-
ment group and control group were collected, 
respectively. Mantel-Haenszel odds ratios (MH-
OR) with 95% confidence intervals were calcu-
lated by the software directly. Zero events were 
excluded. A fixed-effects model was applied be- 
cause of low heterogeneity. For continuous vari-
ables, such as cardiovascular risk factors, the 

mean and standard deviation of the treatment 
group and control group were collected, respec-
tively. The inverse variance method was used 
to calculate mean differences (MDs) with 95% 
confidence intervals and a random-effects mo- 
del was applied. Heterogeneity was assessed 
via I2 statistics, with values < 50% accredited 
[13]. Funnel plots and Begg’s adjusted rank 
correlation tests were used to estimate publi-
cation bias [14]. A 0.05 significance level was 
performed in all analyses. Study results were 
combined using RevMan 5.3 and STATA 12.0.

Results 

Study characteristics

The study selection process is shown in Figure 
1. A total of 3,765 studies were searched, wi- 
th 1,173 duplicates removed. The remaining 
2,592 reports were screened across titles and 
abstracts. The broad search identified 211 po- 
tentially eligible papers, with 165 excluded. 
There were 31 with a shorter duration. MACE, 
which was the principal outcome variable, co- 
uld not be yielded by these papers. A total of  
46 records, describing 41 studies, were eligible 
for the current meta-analysis. Of these, 13, 12, 
11, and 5 reported information on once weekly 
dulaglutide, exenatide, albiglutide, and sema-
glutide, respectively. In total, there were 49,902 
patients included in all eligible studies, with 
26,322 in once-weekly GLP-1 RA groups and 
23,580 in comparator groups. Once-weekly 
GLP-1 RAs were compared against placebos 
(17 studies), insulin (10 studies), metformin (2 
studies), sitagliptin (7 studies), glimepiride (2 
studies), other daily GLP-1 RAs (9 studies), and 
pioglitazone (3 studies). GLP-1 RAs in each st- 
udy were compared with two or more medica-
tions and placebos. Characteristics of these 
included studies are shown in Table 1 [15-61]. 
The duration of trials ranged from 24 weeks to 
7.5 years. Mean trial duration, baseline HbA1c, 
and body mass indexes (BMI) of enrolled pa- 
tients were 4.6 years, 8.0%, and 30.75 kg/m2, 
respectively. 

Risk of bias

Assessment of risk of bias is shown in Figure 2. 
Selection bias was reported in almost all pub-
lished studies adequately. Only conference ab- 
stracts or parts of full texts were not described. 
A total of 15 studies were open trails with at 
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Figure 2. Risk of 
bias summary and 
graph.

least one arm, while others 
were double-blind trails. In all 
studies, there was low risk of 
bias associated with incom-
plete outcome data. Funnel 
plots and Egger’s tests sh- 
owed no evidence of publica-
tion bias (P = 0.828).

MACE

Of the 41 studies, 39 studies 
provided at least one MACE. 
Cases of albiglutide (NCT0- 
1733758) [54] and semaglu-
tide (NCT01930188) [57] we- 
re excluded because of the 
absence of MACE. Overall, 
once-weekly GLP-1 RAs sh- 
owed a significant reduction  
in MACE, with an odds ratio  
of 0.87 (0.82 to 0.94, P < 
0.001) versus comparators 
(Figure 3). It also showed low 
heterogeneity levels, with a 
value of I2 < 50%. The funnel 
plot (Figure 4) showed no sig-
nificant publication bias.

According to subgroup analy-
ses, once-weekly GLP-1 RAs 
were associated with a non-
significant trend towards a 
reduction in the rate of MACE, 
compared to insulin and piogl-
itazone. The number of trials 
was 10 and 3 (P = 0.08 and 
0.07). A significant reduction 
was performed between once-
weekly GLP-1 RAs and place-
bos (P < 0.001). Details are 
shown in Figure 5. In placebo-
controlled trials, only albiglu-
tide produced a significant re- 
duction, compared to place-
bos [MH-OR 0.80 (0.70-0.92), 
P < 0.01].

All-cause and cardiovascular 
mortality

A total of 22 studies provid- 
ed data concerning all-cause 
mortality. Of the 14 studies 
included in the meta-analysis, 



Cardiovascular risks of once-weekly GLP-1 RAs

9677 Int J Clin Exp Med 2019;12(8):9670-9687

each study described at least one death. Co- 
mpared with comparators, once-weekly GLP-1 
RAs produced significant changes in all-cause 
mortality [MH-OR 0.90 (0.81-0.99), p = 0.03] 
(Figure 6). Furthermore, subgroup analyses sh- 

owed significant changes, compared to place-
bos (7 trials). However, non-significant changes 
were shown, compared to sitagliptin (2 trials), 
insulin (2 trials), other daily GLP-1 RAs (3 trials), 
and metformin (1 trial) (values of OR (95% CI) 
0.59 (0.18-1.92), 0.68 (0.12-3.71), 1.36 (0.33-
5.62), and 0.33 (0.01-8.12) and P = 0.38, 0.65, 
0.67, and 0.50, respectively).

A total of 19 studies provided cardiovascular 
mortality data. Of the 6 studies included in the 
meta-analysis, each study described at least 
one death. No significant differences between 
once-weekly GLP-1 RAs and comparators were 
demonstrated [MH-OR 0.91 (0.80-1.03), P = 
0.13].

Cardiovascular risk factors

HbA1c: Most included trials provided data con-
cerning changes in HbA1c. Values they used as 

Figure 3. Forest plot showing incidence rates of major cardiovascular events for each individual trial with at least 
once event.

Figure 4. Funnel plot for major cardiovascular events 
for eanch individual trial with at least one event.
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primary outcomes were performed in the cur-
rent analysis. Pooled analyses showed a signifi-
cant reduction in HbA1c between once-weekly 
GLP-1 RAs and comparators (P < 0.001). Once-
weekly GLP-1 RAs produced a significant redu- 
ction, compared to placebos, insulin, sitagliptin, 
and glimepiride. Mean differences of changes 
in HbA1c were -1.04% (-1.21 to -0.88), -0.28% 
(-0.43 to -0.13), -0.51% (-0.73 to -0.29), and 
-0.36% (-0.54 to -0.19), respectively. P-values 

(7 trials), and pioglitazone (2 trials), respective-
ly. Significant changes in endpoint systolic 
(SBP) and diastolic blood pressure (DBP) were 
noted (Table 3). Once-weekly GLP-1 RAs signifi-
cantly reduced systolic blood pressure by -1.85 
mmHg (-2.72 to -0.99), compared to placebos, 
and by -2.29 mmHg (-3.13 to -1.44), compar- 
ed to insulin. When compared with other daily 
GLP-1 Ras, mean differences of changes in 
SBP increased by 0.45 mmHg (-0.60 to 1.50). 

Figure 5. Subgroup analyses for incidence rates of major cardiovascular 
events for each individual trial with at least once event, comparing once-
weekly GLP-1 RAs with different comparator groups.

were all less than 0.001 (Ta- 
ble 2). Conversely, no signifi-
cant differences were produ- 
ced, compared to metformin 
and pioglitazone. Compared 
with other daily GLP-1 RAs, a 
trend towards a reduction was 
shown in changes in HbA1c 
with once-weekly GLP-1 RAs 
(P = 0.08). 

Body weights: Compared with 
comparators, pooled analyses 
showed a significant reducti- 
on in changes in body weights 
with once-weekly GLP-1 RAs. 
(P < 0.001). Weights changed 
by -1.36 kg (-2.09 to -0.63), 
compared to placebos, -2.53 
kg (-3.58 to -1.48), compared 
to insulin, -1.19 kg (-2.03 to 
-0.35), compared to sitaglip- 
tin, -2.13 kg (-2.50 to -1.75), 
compared to glimepiride, and 
by -4.45 kg (-5.39 to -3.52), 
compared to pioglitazone. On- 
ly when compared to other 
daily GLP-1 Ras did mean dif-
ferences of changes in body 
weights increase by 0.39 kg 
(-0.21 to 0.99). There were no 
significant changes in body 
weights, compared to metfor-
min (Table 2).

Blood pressure: A total of 30 
trials included in this analysis 
measured blood pressure ch- 
anges. Mean differences of 
changes in blood pressure 
were analyzed between once-
weekly GLP-1 RAs and place-
bos (11 trials), insulin (7 tri-
als), metformin (2 trials), sita- 
gliptin (6 trials), glimepiride (2 
trials), other daily GLP-1 RAs 
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Reduction in diastolic blood pressure levels 
was on the margin of statistical significance (P 
= 0.05). Only when compared with pioglitazone 
were significant changes noted.

Heart rate: Only 19 trials measured heart rate 
changes. Overall, once-weekly GLP-1 RAs pro-
duced significant increases, according to pool- 
ed analyses (P < 0.001). In these subgroups, 
there were no significant differences in the 
effects of metformin and other daily doses of 
GLP-1 RAs on heart rates in patients.

Lipid profiles: A total of 18 studies provided 
total cholesterol, HDL cholesterol, and triglycer-
ides data. Data from included trials demon-
strated significant changes in total and HDL 
cholesterol between once-weekly GLP-1 RAs 
and comparators. Changes in HDL cholesterol 
levels were on the edge of statistical signifi-
cance (P = 0.05). Conversely, no significant ch- 
anges in triglycerides were noted between on- 
ce-weekly GLP-1 RAs and comparators (Table 
4). Total cholesterol was significantly reduced, 
comparing placebos and sitagliptin. HDL cho-
lesterol was significantly reduced, compared 
with metformin. Triglycerides were reduced sig-
nificantly in pioglitazone only.

Pancreatic cancer, papillary thyroid cancer, 
and prostate cancer

Across all studies, 22 studies reported pancre-
atic cancer. Of the 16 studies included in the 
current meta-analysis, each study described at 
least one death. In these trials, 36 patients 
experienced pancreatic cancer in once-weekly 
GLP-1 RA groups, compared with 28 patients in 

comparator groups, showing non-significant dif- 
ferences between the two groups [MH-OR 1.20 
(0.76-1.89, p = 0.44)] (Figure 7).

Only 7 studies reported papillary thyroid can-
cer. Of the 5 studies included in the meta-anal-
ysis, each described at least one death. Mo- 
reover, only 2 patients evolved into papillary 
thyroid cancer in the once-weekly GLP-1 RA 
groups, compared with 4 patients in the com-
parator groups. No significant differences were 
noted between the two groups [MH-OR 0.84 
(0.23-3.10), P = 0.79] (Figure 8).

Prostate cancer was reported in 3 trials. Only 3 
patients evolved into prostate cancer while 
receiving once-weekly GLP-1 Ras. No patients 
evolved into prostate cancer in the comparator 
group. Non-significant differences were noted 
between the two groups [MH-OR 2.39 (0.38-
15.21), P = 0.36] (Figure 9). 

Discussion 

Clinical efficiency levels of once-weekly GLP-1 
Ras, compared to placebos or other active an- 
tidiabetic agents, have been reported in many 
meta-analyses [62-65]. Once-weekly GLP-1 
RAs have shown better effects on HbA1c, low-
ering and controlling glucose, compared to 
other antidiabetic agents. Most importantly, 
good patient adherence has been reported. 
However, cardiovascular and rare events are 
important areas that require concern. Prior 
studies [66, 67] have noted the importance of 
cardiovascular and rare events but did not 
report details. The current meta-analysis pool- 
ed most available trials showing the safety of 

Figure 6. Frost plot showing all-cause mortality for each individual trial with at least one event.
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Table 2. Mean differences in changes in HbA1C and body weights as the primary endpoint between once-weekly GLP-1 RA and placebo/active 
comparators in trials included in the meta-analyses

Placebo Insulin Metformin Sitagliptin Glimepiride Other GLP-1 RA Pioglitazone Overall
HbA1c (%)

    N trials 15 10 2 7 2 9 3 39

    Effect estimate (95% CI) -1.04 [-1.21; -0.88]** -0.28 [-0.43; -0.13]** -0.09 [-0.21; 0.04] -0.51 [-0.73; -0.29]** -0.36 [-0.54; -0.19]** -0.16 [-0.34; 0.02] 0.03 [-0.26, 0.33] -0.50 [-0.63; -0.37]**

Body weight (kg)

    N trials 15 10 2 7 2 9 3 39

    Effect estimate (95% CI) -1.36 [-2.09; -0.63]** -2.53 [-3.58; -1.48]** 0.19 [-0.21; 0.59] -1.19 [-2.03; -0.35]* -2.13 [-2.50; -1.75]** 0.39 [-0.21; 0.99] -4.45 [-5.39; -3.52]** -1.42 [-1.93; -0.92]**

*p < 0.05, **p < 0.001.
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cardiovascular and rare events of once-weekly 
GLP-1 RAs on patients diagnosed with type 2 
diabetes mellitus. Results indicated that once-
weekly GLP-1 RAs showed superior cardiovas-
cular safety, compared with several antidiabet-
ic agents. A significant reduction of MACE in- 
cidence was demonstrated, compared to place-
bos. Compared with insulin and pioglitazone, 
once-weekly GLP-1 RAs showed a trend to- 
wards a reduction of MACE incidence. Differen- 
ces between various weekly GLP-1 RAs were 
performed. In placebo-controlled trials, albiglu-
tide was associated with a greater reduction of 
incidence of MACE. In placebo-controlled trials 
of dulaglutide, heterogeneity was reduced to 
less than 50% when removing a single trial 
(AWARD-10) [23]. Heterogeneity of exenatide 
trials was reduced from 49% to 2% if one trial 
was removed (EXSCEL) [39]. A major cause of 
death of type 2 diabetes mellitus, MACE was 
not shown to play an important role in cardio-

ekly and daily GLP-1 RAs, except for better 
adherence and tolerance for weekly GLP-1 RAs.

Effects and safety levels of once-weekly GLP-1 
RAs have been assessed in previous studies. 
However, these studies mainly paid attention to 
blood glucose control and major adverse reac-
tions. Only a limited number of trials included 
assessment of exenatide, albiglutide, and dula-
glutide. Hence, to the best of our knowledge, 
the current meta-analysis is the first to collect 
evidence from trials supporting all once-weekly 
GLP-1 RAs approved by the FDA, including the 
newest agent semaglutide. Additionally, this is 
the first analysis to focus on cardiovascular 
risks and rare events. This study also includ- 
ed three published large-scale clinical trials 
with MACE as the principal outcome (EXSCEL, 
SUSTAIN-6 [60] and Harmony Outcomes [61]), 
enlarging the sample size and increasing the 
credibility of results.

Table 3. Mean differences in changes in systolic and diastolic 
blood pressure and heart rates at the endpoint between GLP-1 
RA and placebo/active comparators

N trials Mean differences 
(95% CI) P

Systolic blood pressure (mmHg)
    Placebo 11 -1.85 [-2,72; -0.99] < 0.001
    Insulin 7 -2.29 [-3.13; -1.44] < 0.001
    Metformin 2 -0.88 [-2.39; 0.64] 0.26
    Sitagliptin 6 -1.14 [-2.72; 0.44] 0.16
    Glimepiride 2 -1.38 [-3.41; 0.65] 0.18
    Other GLP-1 RAs 7 0.45 [-0.60; 1.50] 0.40
    Pioglitazone 2 -0.70 [-3.14; 1.74] 0.57
Diastolic blood pressure (mmHg)
    Placebo 11 0.15 [-0.28; 0.58] 0.50
    Insulin 7 0.31 [-0.21; 0.83] 0.24
    Metformin 2 0.11 [-0.89;1.12] 0.82
    Sitagliptin 6 0.17 [-0.56; 0.90] 0.65
    Glimepiride 2 -0.90 [-2.31; 0.50] 0.21
    Other GLP-1 RA 7 0.33 [-0.19; 0.84] 0.21
    Pioglitazone 2 1.54 [0.43; 2.66] 0.007
Heart rate (bpm)
    Placebo 7 1.36 [0.29; 2.43] 0.01
    Insulin 5 2.49 [1.29; 3.69] < 0.001
    Metformin 2 0.83 [-0.24; 1.90] 0.13
    Sitagliptin 5 1.68 [0.56; 2.79] 0.003
    Glimepiride 1 1.80 [0.22; 3.38] 0.03
    Other GLP-1 RAs 4 0.12 [-1.36; 1.59] 0.87
    Pioglitazone 1 3.20 [1.37; 5.03] < 0.001

vascular mortality between the 
two groups. Drawing conclusi- 
ons from the above results, on- 
ce-weekly GLP-RAs have better 
cardiovascular safety for treat-
ment of type 2 diabetes melli- 
tus.

Significant reductions in HbA1c 
levels [68], blood pressure, lipid 
profiles, and body weights of 
these agents demonstrated that 
once-weekly GLP-1 RAs had pro- 
minent efficiency in reducing car- 
diovascular risks, compared to 
placebos, insulin, and sitagliptin. 
It is conceivable that adiposity is 
a cause of MACE and lower wei- 
ght and systolic blood pressure 
levels can reduce cardiovascu- 
lar risks [69]. However, incre-
ments of heart rates would be a 
contrast to others, as it might 
increase the risk of MACE and 
death. Thus, to some extent, 
once-weekly GLP-1 RAs provides 
effects, facilitating the reduction 
of cardiovascular risks. Rare ev- 
ents (pancreatic cancer, papil-
lary thyroid cancer, and prostate 
cancer) were also analyzed for 
the two groups. There were no 
distinct differences between we- 
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One major drawback to the current study was 
that most of the trials only published positive 
data. The paucity of negative results may lead 
to a higher heterogeneity and publication bias. 
The lack of relevant data could also lead to 
additional bias. Two included trials did not re- 
port incidence of MACE. Only half of the trials 
reported mortality. Furthermore, few trials as- 
sessed rare events. Low incidence leads to less 
credibility. Only one trial did not assess cardio-
vascular risk factors. Moreover, analyses of 
cardiovascular risk factors had a higher hetero-
geneity due to different treatment backgr- 
ounds, additive doses of agents, criteria of out-
comes, inclusion and exclusion standards, and 
trial duration. Due to data deficiencies, sensi-
tivity-analyses could not be conducted in most 
cases.

Another limitation of the current study was that 
most of the trials were short-term clinical trials. 
Although a limitation was set, demanding that 

this study, cardiovascular safety levels of this 
method were confirmed, compared with place-
bos or active antidiabetic agents. Furthermore, 
incidence rates of rare events were confirmed 
to be similar between once-weekly GLP-1RAs 
and comparators. Aiming to achieve more cred-
ible results, more large-scale and long-term tri-
als should be implemented.
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the duration of intervention could not be less 
than 24 weeks, typical cardiovascular out-
come studies require longer duration ti- 
mes. Furthermore, most studies did not use 
cardiovascular outcomes as their principal 
outcome measure. Thus, existing data was 
incomplete. More importantly, patients with 
type 2 diabetes mellitus analyses were as- 
sociated with low cardiovascular risks. Some 
of them had no history of cardiovascular dis-
ease. Patients included in typical cardiovas-
cular outcome studies are mostly high-risk 
patients. To create a more credible meta-
analysis, more large-scale and long-term cli- 
nical trials, assessing cardiovascular outco- 
mes, are necessary. The current study per-
formed comparisons concerning different 
types of active oral antidiabetic agents, su- 
ch as DPP-4 inhibitors, biguanides, sulfonyl-
ureas, thiazolidinediones (TZDs), and daily 
GLP-1 RAs. However, in this study, assessing 
efficacy and safety differences from weekly 
GLP-1 RAs, only one representative drug was 
selected for each type of oral hypoglycemic 
agent. Only liraglutide and exenatide BID we- 
re selected for GLP-1 RAs administered dai- 
ly. Therefore, more medicines from different 
active oral agents are necessary, aiming to 
expand the scope of application of results.

In conclusion, once-weekly GLP-1 RAs may 
reduce cardiovascular risks for patients with 
type 2 diabetes mellitus, to some extent. In 

Table 4. Mean differences in changes in total and 
HDL-cholesterol and triglycerides between GLP-1 RA 
and placebo/active comparators

N trials Mean differences 
(95% CI) P

Total cholesterol
    Placebo 5 -0.03 [-0.05; -0.00] 0.04
    Insulin 4 -0.16 [-0.54; 0.21] 0.40
    Metformin 2 0.99 [-1.43; 3.41] 0.42
    Sitagliptin 4 -0.23 [-0.43; -0.04] 0.02
    Glimepiride 1 -0.14 [-2.63; 2.35] 0.91
    Other GLP-1 RAs 6 -0.09 [-0.36; 0.18] 0.51
    Pioglitazone 2 -2.61 [-8.67; 3.45] 0.40
HDL cholesterol
    Placebo 5 0.01 [-0.01; 0.03] 0.42
    Insulin 4 -0.01 [-0.04; 0.01] 0.26
    Metformin 2 -0.06 [-0.09; -0.03] < 0.001
    Sitagliptin 4 -0.03 [-0.07; 0.01] 0.17
    Glimepiride 1 0.04 [-0.52; 0.59] 0.90
    Other GLP-1 RAs 6 -0.00 [-0.02; 0.02] 1.00
    Pioglitazone 2 -2.09 [-6.05; 1.86] 0.30
Triglycerides
    Placebo 5 -0.02 [-0.07; 0.04] 0.52
    Insulin 4 0.07 [-0.01; 0.15] 0.08
    Metformin 2 -1.37 [-5.46; 2.72] 0.51
    Sitagliptin 4 0.01 [-0.04; 0.06] 0.69
    Glimepiride 1 -0.19 [-4.70; 4.32] 0.93
    Other GLP-1 RAs 6 -0.01 [-0.07; 0.06] 0.87
    Pioglitazone 2 0.12 [0.06; 0.17] < 0.001
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