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Abstract

Beyond improving hemoglobin A1c (HbA1c) in adults with type 2 
diabetes, glucagon-like peptide 1 receptor agonists (GLP-1RA) have 
been approved for reducing risk of major adverse cardiovascular events 
(MACE) with established cardiovascular disease (CVD) or multiple 
CV risk factors. Sodium-glucose cotransporter 2 inhibitors (SGLT2i) 
also reduced the risk for the primary composite CV outcome in patients 
with type 2 diabetes at high risk for CV events. In the American Dia-
betes Association (ADA) and European Association of Study in Diabe-
tes (EASD) consensus report 2022, there is the description “In people 
with established atherosclerotic CVD (ASCVD) or with a high risk for 
ASCVD, GLP-1RA were prioritized over SGLT2i”; however, the evi-
dence supporting such statement is limited. Therefore, we studied the 
superiority of GLP-1RA over SGLT2i for prevention of ASCVD from 
various viewpoints. We could not find a meaningful difference in the 
risk reduction in three-point MACE (3P-MACE), mortality due to any 
cause, mortality due to CV cause and nonfatal myocardial infarction 
between GLP-1RA and SGLT2i trials. The risk of nonfatal stroke de-
creased in all five GLP-1RA trials; however, two of three SGLT2i trials 
showed an increase in risk of nonfatal stroke. The risk of hospitaliza-
tion for heart failure (HHF) decreased in all three SGLT2i trials, and 
one GLP-1RA trial showed an increase in risk of HHF. The risk reduc-
tion of HHF in SGLT2i trials was greater than that in GLP-1RA trials. 
These findings were consistent with current systematic reviews and 
meta-analyses. The risk reduction of 3P-MACE was significantly and 
negatively correlated with changes in HbA1c (R = -0.861, P = 0.006) 
and body weight (R = -0.895, P = 0.003) in GLP-1RA and SGLT2i 
trials. The studies using SGLT2i failed to reduce carotid intima media 
thickness (cIMT), the surrogate marker for atherosclerosis; however, 
several studies using GLP-1RA successfully reduced cIMT in patients 

with type 2 diabetes. Compared with SGLT2i, GLP-1RA had a higher 
probability of decreasing serum triglyceride. GLP-1RA have multiple 
vascular biological anti-atherogenic properties.
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Introduction

Glucagon-like peptide 1 receptor agonists (GLP-1RA) in-
crease pancreatic insulin secretion and decrease glucagon in 
glucose-dependent manner, and delay gastric emptying which 
suppress postprandial hyperglycemia and appetite, resulting in 
reduction of energy intake and body weight [1-3]. The gut-
brain hormone, GLP-1 has received immense attention over 
the last couple of decades for its widespread metabolic effects. 
Intestinal GLP-1 is an endogenous satiation signal, whose eat-
ing effects are primarily mediated by vagal afferents [4]. How-
ever, the central mechanisms processing the vagal anorexi-
genic signals remain largely unknown. Despite the successful 
therapeutic use of GLP-1RA as anti-obesity drugs, the eating 
effects of intestinal GLP-1 still remain to be elucidated [4].

Beyond improving hemoglobin A1c (HbA1c) in adults with 
type 2 diabetes, GLP-1RA including dulaglutide (used in RE-
WIND), liraglutide (used in LEADER) and subcutaneous sema-
glutide (used in SUSTAIN-6) have been approved for reducing 
risk of major adverse cardiovascular events (MACE) with estab-
lished cardiovascular disease (CVD) or multiple CV risk factors 
[5-7]. Recently, CV outcomes of once-daily oral semaglutide was 
assessed (PIONEER-6) [8]. Oral semaglutide reduced MACE 
as compared with placebo (hazard ratio (HR): 0.79; 95% con-
fidence interval (CI): 0.57 to 1.11; P < 0.001). However, among 
patients with type 2 diabetes with or without previous CVD, the 
incidence of MACE did not differ significantly between patients 
who received exenatide and those who received placebo (HR: 
0.91; 95% CI: 0.83 to 1.00) in the EXSCEL study [9].

Sodium-glucose cotransporter 2 inhibitors (SGLT2i) (em-
pagliflozin and canagliflozin) also reduced the risk for the pri-
mary composite CV outcome in patients with type 2 diabetes 
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at high risk for CV events [10, 11]. One of SGLT2i, dapagliflo-
zin did not result in a lower rate of MACE (HR: 0.93; 95% CI: 
0.84 to 1.03; P = 0.17) but did result in a lower rate of CV death 
or hospitalization for heart failure (HHF) (HR: 0.83; 95% CI: 
0.73 to 0.95; P = 0.005), which reflected a lower rate of HHF 
(HR: 0.73; 95% CI: 0.61 to 0.88); there was no between-group 
difference in CV death (HR: 0.98; 95% CI: 0.82 to 1.17) [12].

The American Diabetes Association (ADA) and European 
Association of Study in Diabetes (EASD) consensus report 
2019 recommended using SGLT2i or GLP-1RA as a second-
line drug after metformin or as a first-line drug in patients with 
diabetes with established CVD, respectively [2]. Such recom-
mendation is based on the findings of recently concluded CV 
outcome trials. However, it has not yet clearly known whether 
GLP-1RA and SGLT2i had a similar impact on MACE. The 
benefit in MACE reduction with SGLT2i has been primarily 
derived from the reduction of CV death due to a significant 
decrease in HHF. In the ADA/EASD consensus report 2022 
[13], there is the following description. In people with estab-
lished atherosclerotic CVD (ASCVD) or with a high risk for 
ASCVD, GLP-1RA were prioritized over SGLT2i [13]. Given 
their favorable drug class effect in reducing HHF and progres-
sion of chronic kidney disease (CKD), SGLT2i were prioritized 
in people with HF, particularly those with a reduced ejection 
fraction, or CKD. We studied the superiority of GLP-1RA over 
SGLT2i for prevention of ASCVD which was described in the 
ADA/EASD consensus report 2022, from various viewpoints.

The Association Between Risk Reduction of 
MACE and Changes in ASCVD Risk Factors

Risk reduction of three-point MACE (3P-MACE) in GLP-
1RA and SGLT2i trials

The 3P-MACE (CV death, nonfatal myocardial infarction 

(MI), or ischemic stroke) may reflect the development of 
ASCVD. The risk reduction in 3P-MACE in GLP-1RA and 
SGLT2i trials is shown in Figure 1. GLP-1RA, liraglutide 
(LAEADER), subcutaneous semaglutide (SUSTAIN-6), du-
laglutide (REWIND) and oral semaglutide (PIONEER-6) re-
duced 3P-MACE by 13%, 26%, 12% and 21%, respectively 
[5-8]. Risk reduction of 3P-MACE by exenatide (EXSCEL) 
was 9% [9].

SGLT2i such as empagliflozin (EMPA-REG) and canagli-
flozin (CANVAS program) reduced 3P-MACE by 14% and 
14%, respectively [10, 11]. Risk reduction of 3P-MACE by 
dapagliflozin (DECLARE-TIMI) was 7% [9].

The network meta-analysis including a total of 21 trials 
with 170,930 participants showed that both GLP-1RA and 
SGLT2i were associated with lower risks of 3P-MACE than 
placebo (relative risk (RR): 0.89; 95% CI: 0.84 to 0.94 and RR: 
0.88; 95% CI: 0.83 to 0.94, respectively) [14]. A comparison 
between SGLT2i and GLP-1RA demonstrated no difference in 
their risks of 3P-MACE (RR: 0.99; 95% CI: 0.91 to 1.08).

The association of the risk reduction of 3P-MACE with 
changes in HbA1c, body weight and systolic blood pressure

The correlation between the risk reduction of 3P-MACE be-
tween changes in HbA1c is shown in Figure 2a. The risk reduc-
tion of 3P-MACE was significantly and negatively correlated 
with changes in HbA1c (R = -0.861, P = 0.006, by Pearson’s 
correlation).

The correlation between the risk reduction of 3P-MACE 
between changes in body weight is shown in Figure 2b. The 
risk reduction of 3P-MACE was significantly and negatively 
correlated with changes in body weight (R = -0.895, P = 0.003).

Changes in HbA1c was significantly and positively cor-
related with changes in body wight (R = 0.799, P = 0.017). 
Besides HbA1c and body weight, systolic blood pressure was 
the only ASCVD risk factor for which achieved value after 

Figure 1. The risk reduction in three-point MACE in GLP-1RA and SGLT2i trials. MACE: major adverse cardiovascular events; 
GLP-1RA: glucagon-like peptide 1 receptor agonists; SGLT2i: sodium-glucose cotransporter 2 inhibitors.
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trial was available in the eight trials. The risk reduction of 
3P-MACE was not correlated with changes in systolic blood 
pressure (R = -0.235, P = 0.575). Changes in systolic blood 
pressure were correlated with changes in neither HbA1c nor 
body weight.

Decreases in HbA1c and body weight were significantly 
associated with risk reduction of 3P-MACE in GLP-1RA and 
SGLT2i trials.

The risk reduction of death from any cause, death from 
CV cause, nonfatal MI, nonfatal stroke and HHF in GLP-
1RA and SGLT2i trials

The risk reduction in death from any cause, death from CV 

cause, nonfatal MI, nonfatal stroke and HHF in GLP-1RA and 
SGLT2i trials is shown in Figure 3a-e.

We could not find a meaningful difference in the risk re-
duction in mortality due to any cause, mortality due to CV 
cause and nonfatal MI between GLP-1RA and SGLT2i trials. 
The risk of nonfatal stroke decreased in all five GLP-1RA tri-
als; however, two of three SGLT2i trials showed an increase in 
risk of nonfatal stroke. The risk of HHF decreased in all three 
SGLT2i trials, one GLP-1RA trial showed an increase in risk 
of HHF. The risk reduction of HHF in all three SGLT2i trials 
was greater than that in GLP-1RA trials.

The network meta-analysis showed that only GLP-1RA 
were associated with a lower risk of stroke compared with pla-
cebo (RR: 0.85; 95% CI: 0.76 to 0.94) [14]. SGLT2i were su-
perior to GLP-1RA in reducing HHF (RR: 0.76; 95% CI: 0.68 

Figure 2. The correlation between the risk reduction of three-point MACE between changes in HbA1c (a) and body weight (b). 
MACE: major adverse cardiovascular events.
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to 0.84) and renal outcomes (RR: 0.78; 95% CI: 0.65 to 0.93) 
[14]. In a systematic review and network meta-analysis in-
cluding 453 trials assessing 21 antidiabetic interventions from 
nine drug classes, odds of stroke were lower with subcutane-
ous semaglutide and dulaglutide [15]. SGLT2i reduced HHF 
and end-stage renal disease [15]. Another systematic review 
and network meta-analysis of trials showed that both classes 
of drugs lowered all-cause mortality, CV mortality, and nonfa-
tal MI [16]. Notable differences were found between the two 
agents: SGLT-2i reduced HHF more than GLP-1RA, and GLP-
1RA reduced nonfatal stroke more than SGLT-2i [16], which 
was consistent with our results.

Patorno et al performed a population-based study of more 
than 360,000 patients with diabetes, including more than 
100,000 with established CVD, and found that initiating SGL-
T2i as compared to GLP-1RA was associated with no signifi-
cant differences in the primary outcome of hospitalization for 
MI or stroke [17]. The rates of MI and stroke were similar in 

patients without history of CVD prescribed SGLT2i and GLP-
1RA. The meaningful differences in the risk of all-cause mor-
tality in those who initiated SGLT2i as compared to GLP-1RA 
were not observed [17].

What is urgently needed to do in the field is to conduct 
clinical trials to directly compare the treatment effect of the 
two drug classes in ASCVD in patients with type 2 diabetes.

The association of the risk reduction of death from any 
cause, death from CV cause, nonfatal MI, nonfatal stroke 
and HHF with changes in HbA1c, body weight and systolic 
blood pressure

The risk reduction of death from any cause, death from CV 
cause, nonfatal MI, nonfatal stroke and HHF was not signif-
icantly correlated with changes in HbA1c, body weight and 
systolic blood pressure.

Figure 3. The risk reduction in death from any cause (a), death from cardiovascular cause (b), nonfatal myocardial infarction (c), 
nonfatal stroke (d) and hospitalization for heart failure (e) in GLP-1RA and SGLT2i trials. The data on risk reduction of nonfatal 
myocardial infarction and stroke in DECLARE-TIMI indicate the risk reduction in myocardial infarction including fatal myocardial 
infarction and stroke including fatal stroke due to the lack of data on nonfatal myocardial infarction and stroke in DECLARE-TIMI. 
GLP-1RA: glucagon-like peptide 1 receptor agonists; SGLT2i: sodium-glucose cotransporter 2 inhibitors.
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Effects of GLP-1RA and SGLT2i on the Surro-
gate Marker for Atherosclerosis

Increased carotid intima media thickness (cIMT) is a relatively 
simple, inexpensive, and reproducible noninvasive marker of 
ASCVD. Several large prospective studies have evaluated the 
usefulness of ultrasonographic measurement of cIMT and have 
demonstrated its role in predicting future CV events [18]. Only 
two studies were performed to evaluate the effect of SGLT2i 
on cIMT. Twenty-four months of ipragliflozin treatment did 
not affect cIMT status in patients with type 2 diabetes, relative 
to the non-SGLT2i-use standard care for type 2 diabetes [19]. 
No cIMT changes were also observed between the tofogliflo-
zin and the conventional treatment groups [20].

One of GLP-1RA, exenatide, more significantly reduced 
the cIMT from baseline compared with insulin after 52 weeks, 
with a mean difference of -0.14 mm (95% CI: -0.25 to -0.02; 
P = 0.016), in patients with type 2 diabetes [21]. There was a 
significant reduction in cIMT by the 18-month treatment using 
GLP-1RA, liraglutide, in diabetic patients with the metabolic 
syndrome [22]. Eight months of liraglutide use in patients with 
type 2 diabetes significantly reduced cIMT [23]. Liraglutide 
decreased cIMT after 8 months treatment independently of its 
effect on plasma glucose and lipids concentrations in patients 
with type 2 diabetes [24].

The studies using SGLT2i failed to reduce cIMT; howev-
er, several studies using GLP-1RA successfully reduced cIMT 
in patients with type 2 diabetes.

Effects of GLP-1RA and SGLT2i on ASCVD Risk 
Factors

Blood pressure

The meta-analysis which investigated effects of SGLT2i on 
blood pressure showed that SGLT2i reduce systolic and dias-
tolic blood pressure by -2.46 mm Hg (95% CI: -2.28 to -2.18) 
and -2.23 mm Hg (95% CI: -0.78 to -0.66) [25]. The meta-
analysis to synthesize current evidence for the effects of ex-
enatide and liraglutide on blood pressure showed that GLP-
1RA decreased systolic and diastolic blood pressure by -1.79 
mm Hg (95% CI: -2.94 to -0.64) and -0.54 mm Hg (95% CI: 
-1.15 to 0.07) compared to placebo [26]. In the meta-analysis 
including a total of 16 randomized controlled trials (RCTs) that 
enrolled 3,443 patients in the GLP-1RA treatment group and 
2,417 subjects in the control group [27], the GLP-1RA, exena-
tide, reduced systolic blood pressure when compared with pla-
cebo with mean differences of -5.24 mm Hg (95% CI: -6.88 to 
-3.59). In the exenatide-treated group, diastolic blood pressure 
was reduced by -5.91 mm Hg (95% CI: -7.53 to -4.28). Daily 
1.2 mg of liraglutide treatment reduced systolic blood pressure 
compared with placebo with mean differences of -5.60 mm Hg 
(95% CI: -5.84 to -5.36). Daily 1.8 mg liraglutide also reduced 
systolic blood pressure compared with placebo with mean 
differences of -4.49 mm Hg (95% CI: -4.73 to -4.26). In the 
meta-analysis including 33 trials (12,469 patients), GLP-1RA 

treatment achieved a greater systolic blood pressure reduction 
than comparator therapy (weighted mean difference (WMD), 
-2.22 mm Hg; 95% CI: -2.97 to -1.47) [28].

The network meta-analysis evaluated comparative effi-
cacy and safety of once-weekly GLP-1RA, semaglutide and 
SGLT2i in type 2 diabetes patients inadequately controlled 
with metformin was performed [29]. Systolic blood pressure 
reduction was not statistically differentiable. In another net-
work meta-analysis including 48 publications representing 21 
trials, once-weekly semaglutide was not statistically differenti-
able than all SGLT2i in reducing systolic blood pressure [30].

Both GLP-1RA and SGLT2i reduce blood pressure in pa-
tients with type 2 diabetes. However, regarding blood pres-
sure-lowering, no difference was observed between GLP-1RA 
and SGLT2i.

Serum lipids

The information about changes in serum lipids including tri-
glyceride (TG), total cholesterol (TC), low-density lipopro-
tein-cholesterol (LDL-C) and high-density lipoprotein-choles-
terol (HDL-C) after the GLP-1RA and SGLT2i treatment was 
obtained from the meta-analyses of RCTs [25, 31-35].

The changes in serum lipids by GLP-1RA and SGLT2i are 
shown in Figure 4 [25, 31-35]. Reduction of TG was greater 
in GLP-1R treatment than in SGLT2i treatment. GLP-1RA re-
duced LDL-C and TC, while SGLT2i increased LDL-C and 
TC. Although the difference between the two drugs is small, 
increase of HDL-C was greater in SGLT2i treatment than in 
GLP-1R treatment.

To evaluate and compare the ability of GLP-1RA and 
SGLT2i to ameliorate insulin resistance of nonalcoholic fatty 
liver disease (NAFLD) patients, the meta-analysis including 
25 studies with 1,595 patients was performed [36]. Compared 
with SGLT2i, GLP-1RA had a higher probability of decreas-
ing TG (MD: -54.0 mg/dL; 95% CI: -93.5 to -16.7). However, 
there was no difference between GLP-1RA and SGLT2i in ef-
fect on TC (MD: 3.5 mg/dL; 95% CI: -22.0 to 29.0). Com-
pared with SGLT2i, GLP-1RA showed no difference in effects 
on HDL-C (MD: -2.8 mg/dL; 95% CI: -8.8 to 4.6) or LDL-C 
(MD: 2.4 mg/dL; 95% CI: -15.6 to 19.8).

Vascular Biological Anti-Atherogenic Proper-
ties of GLP-1RA

Vascular biological anti-atherogenic properties of GLP-1RA 
are shown in Figure 5. GLP-1RA attenuate endothelial cell 
dysfunction in diabetic patients and inhibit tumor necrosis fac-
tor-alpha (TNF-α)-mediated plasminogen activator inhibitor 
type-1 (PAI-1) induction in human vascular endothelial cells 
[37]. Liraglutide, a long-acting GLP-1RA, inhibited TNF-α 
or hyperglycemia-mediated induction of PAI-1, intercellular 
adhesion molecule-1 (ICAM-1) and vascular cell adhesion 
molecule-1 (VCAM-1) mRNA and protein expression in a hu-
man vascular endothelial cell line [38]. Endothelial nitric ox-
ide synthase (eNOS), which synthesizes nitric oxide (NO) in 
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Figure 5. Vascular biological anti-atherogenic properties of GLP-1RA. eNOS: endothelial nitric oxide synthase; EPCs: endothe-
lial progenitor cells; ET-1: endothelin-1; ICAM-1: intercellular adhesion molecule-1; NO: nitric oxide; PAI-1: plasminogen activator 
inhibitor type-1; RAGE: receptor for advanced glycation end products; ROS: reactive oxygen species; SOD-2: superoxide dis-
mutase 2; SR: scavenger receptor; TNF-α: tumor necrosis factor-alpha; VCAM-1: vascular cell adhesion molecule-1; GLP-1RA: 
glucagon-like peptide 1 receptor agonists.

Figure 4. The changes in serum lipids by GLP-1RA and SGLT2i. GLP-1RA: glucagon-like peptide 1 receptor agonists; SGLT2i: 
sodium-glucose cotransporter 2 inhibitors.
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endothelial cells, plays an important role in regulating various 
anti-atherogenesis, including vasorelaxation, the inhibition of 
leukocyte-endothelial adhesion, vascular smooth muscle cell 
migration and proliferation, and platelet aggregation [39-41]. 
Type 2 diabetes can lead to the reduction of NO production. 
GLP-1 upregulated the activity and protein expression of 
eNOS in human umbilical vein endothelial cells through the 
GLP-1R-dependent pathway [42]. Liraglutide reduced pro-
duction of reactive oxygen species (ROS) and inflammation 
in endothelial cells with inhibition of protein kinase C alpha 
(PKC-α), NADPH oxidase, and nuclear factor-κB (NF-κB) 
signaling and upregulation of protective anti-oxidative en-
zymes, superoxide dismutase 2 (SOD-2) [43].

Endothelial dysfunction is a very early event in diabetes 
and atherosclerosis, and is in part characterized by enhanced 
endothelin-1 (ET-1) and diminished eNOS expression, and 
ET-1 produced by endothelial cells is a potent vasoconstric-
tor whereas eNOS induces intense vasodilatation through NO 
synthesis [44, 45]. The balance between ET-1 and eNOS ex-
pression maintains normal function of endothelial cells. Lira-
glutide suppressed ET-1 expression by inhibiting the phospho-
rylation of NF-κB [46].

Macrophage foam cell formation, characterized by cho-
lesterol ester accumulation catalyzed by acyl-CoA:cholesterol 
acyltransferase 1 (ACAT1), is the hallmark of early athero-
genesis. The infusion of liraglutide into apoE(-/-) mice sig-
nificantly retarded atherosclerotic lesions with monocyte/mac-
rophage infiltration in the aortic wall and suppressed foam cell 
formation and ACAT1 expression in macrophages, indicating 
that liraglutide prevented the development of atherosclerotic 
lesions by suppressing macrophage foam cell formation due to 
ACAT1 down-regulation [47]. Liraglutide inhibited oxidized 
LDL uptake through protein kinase A (PKA)/CD36 pathway 
in macrophages [48]. Adiponectin signaling through adaptor 
protein PH domain and leucine zipper containing 1 (APPL1) 
is necessary to exert its anti-inflammatory and cytoprotective 
effects on endothelial cells [49, 50]. GLP-1 promotes the se-
cretion of adiponectin which exerts anti-inflammatory effects 
through APPL1. GLP-1 can prevent atherosclerosis progres-
sion and plaque vulnerability in patients with type 2 diabetes, 
by inducing adiponectin/APPL1 signaling [51].

The formation and accumulation of advanced glycation 
end products (AGEs) progress under diabetic conditions. Ac-
cumulating evidence has suggested that receptor for AGEs 
(RAGE) serves a pivotal role in promoting inflammatory 
processes and endothelial activation, which accelerates ath-
erosclerosis in patients with diabetes [52, 53]. Liraglutide 
treatment reduced serum AGEs levels, and reduced the expres-
sion of RAGE in aorta, and relieved atherosclerotic lesions 
compared with the control in ApoE(-/-) mice, suggesting that 
liraglutide serves an anti-atherosclerotic effect via inhibiting 
AGEs-induced RAGE expression [54].

Endothelial progenitor cells (EPCs) are derived from bone 
marrow that can enter peripheral blood and differentiate into 
mature endothelial cells [55]. EPCs participate in angiogenesis 
in ischemic tissue and repair vascular endothelial injury [56], 
and EPCs are highly related to atherosclerosis [57]. A meta-
analysis showed that lower EPC levels predicted a higher inci-
dence of CV events and CV mortality in patients with diabetes 

[58]. Dulaglutide increased the number and function of EPCs 
in peripheral blood and improved arterial elasticity in patients 
with type 2 diabetes [59].

Conclusion

The meaningful differences in the risk reduction in 3P-MACE, 
mortality due to any cause, mortality due to CV cause and 
nonfatal MI between GLP-1RA and SGLT2i trials were not 
observed. Notable differences were found between the two 
agents: SGLT2i reduced HHF more than GLP-1RA, and GLP-
1RA reduced nonfatal stroke more than SGLT-2i. The SGLT2i 
trials failed to reduce IMT; however, several GLP-1RA trials 
successfully reduced IMT in patients with type 2 diabetes. 
GLP-1RA have multiple vascular biological anti-atherogenic 
properties.
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