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Background: Obesity is a chronic disease associated with metabolic diseases such as diabetes and cardiovascular disease. Since the 
U.S. Food and Drug Administration approved liraglutide as an anti-obesity drug for nondiabetic patients in 2014, it has been widely 
used for weight control in overweight and obese people. This study aimed to systematically analyze the effects of liraglutide on body 
weight and other cardiometabolic parameters. 
Methods: We investigated articles from PubMed, EMBASE, and the Cochrane Library to search randomized clinical trials that ex-
amined body weight changes with liraglutide treatment. 
Results: We included 31 studies with 8,060 participants for this meta-analysis. The mean difference (MD) between the liraglutide 
group and the placebo group was −4.19 kg (95% confidence interval [CI], −4.84 to −3.55), with a −4.16% change from the baseline 
(95% CI, −4.90 to −3.43). Liraglutide treatment correlated with a significantly reduced body mass index (MD: −1.55; 95% CI, −1.76 
to −1.34) and waist circumference (MD: −3.11 cm; 95% CI, −3.59 to −2.62) and significantly decreased blood pressure (systolic 
blood pressure, MD: −2.85 mm Hg; 95% CI, −3.36 to −2.35; diastolic blood pressure, MD: −0.66 mm Hg; 95% CI, −1.02 to −0.30), 
glycated hemoglobin (MD: −0.40%; 95% CI, −0.49 to −0.31), and low-density lipoprotein cholesterol (MD: –2.91 mg/dL; 95% CI, 
−5.28 to −0.53; MD: −0.87% change from baseline; 95% CI, −1.17 to −0.56).
Conclusion: Liraglutide is effective for weight control and can be a promising drug for cardiovascular protection in overweight and 
obese people. 
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INTRODUCTION

Obesity is a chronic disease associated with metabolic diseases 
such as diabetes, cardiovascular disease, chronic kidney disease, 
and cancer [1]. The rising prevalence of obesity has led to its 
recognition as a serious public health problem worldwide [2]. 
Lifestyle modification is the first step in controlling body 
weight in overweight and obese individuals [3]. Although life-
style modification is the most effective strategy to manage body 
weight and prevent the metabolic complications of obesity, 
compliance with a healthy lifestyle proves difficult for many in-
dividuals. Dalle Grave et al. [4] reported that, despite the effica-
cy of lifestyle modification for reducing body weight, 70% to 
80% of patients treated with lifestyle modification failed to 
maintain a reduced body weight at 3 to 5 years.

Pharmacotherapy is the next best option for weight control. 
The U.S. Food and Drug Administration (FDA) has approved 
four agents (orlistat, naltrexone-bupropion, phentermine-topira-
mate, and liraglutide) for long-term weight control, and of these, 
phentermine-topiramate and liraglutide are the most effective 
agents for weight control [5]. Liraglutide is a long-acting ana-
log, with 87% homology to human glucagon-like peptide 1 
(GLP-1), that acts as a GLP-1 receptor agonist [6].This drug 
was originally used only for glycemic control for people with 
diabetes. However, after several clinical trials reported a weight-
reduction effect without hypoglycemia in obese people without 
diabetes [7], the FDA approved liraglutide for the treatment of 
obesity in 2014. 

Many human and animal studies have shown the beneficial 
effects of GLP-1 receptor agonists in the brain and in peripheral 
tissues, besides their glucose-lowering effects [7,8]. GLP-1 re-
ceptor agonists increase insulin secretion from pancreatic beta 
cells, reduce insulin resistance and gluconeogenesis in the liver, 
slow gastric emptying, and reduce appetite [7]. This study 
aimed to investigate the effects of liraglutide on body weight 
and cardiovascular benefits. Therefore, we performed a meta-
analysis of randomized controlled trials (RCTs) to assess lira-
glutide treatment in overweight and obese individuals. 

METHODS 

Search strategy
The literature search was performed according to the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses 
guidelines (Supplemental Table S1) [9], and the data were ex-
tracted by two researchers (S.M. and C.M.O.). S.M. extracted 

data from citation databases, including PubMed, EMBASE, and 
the Cochrane Library, from the inception of the database to 
March 7, 2021, and C.M.O. crosschecked these data for accura-
cy. Search terms included combinations of “liraglutide” and 
“obesity.”

Study selection
The inclusion criteria were as follows: (1) population: partici-
pants who were overweight or obese (body mass index [BMI] 
≥25 kg/m2); (2) intervention: 1.8 or 3.0 mg liraglutide injection 
daily for 4 weeks or more; (3) comparators: control group with 
placebo; (4) outcomes: data on changes in the following vari-
ables: weight, waist circumference (WC), BMI, blood pressure, 
glycated hemoglobin (HbA1c), or low-density lipoprotein cho-
lesterol (LDL-C); and (5) study design: RCTs. 

The exclusion criteria were as follows: (1) articles on animal 
studies or in vivo experiments, only abstracts, and non-original 
articles, including expert opinions or reviews; (2) non-RCT 
studies; (3) studies on non-obese patients; and (4) studies in-
volving participants with diseases that could affect weight 
change. 

Data extraction
The following variables were extracted from the articles select-
ed by two researchers (S.M. and C.M.O.) using the same crite-
ria: first author, publication year, characteristics of the partici-
pants, number of study participants, mean age, weight, WC, 
BMI, blood pressure, HbA1c, and LDL-C.

Quality assessment 
Two researchers (S.M. and C.M.O.) evaluated the quality of 
RCTs using the “Revised Cochrane risk-of-bias tool for random-
ized trials (ROB-2.0).” Discrepancies were resolved through 
discussions with a third investigator (S.H.Y.).

Data analyses and statistical methods
The pooled effect sizes were presented as mean differences 
(MD) and 95% confidence intervals (CIs) between the interven-
tion group and the placebo group using the random effects mod-
el. Because the weight and LDL-C levels were reported by two 
different parameters, such as mean change or percentage change 
from baseline, we calculated the standard mean differences 
(SMD) of these variables. The heterogeneity between studies 
was tested using Cochrane Q statistic and Higgins I2 statistic; an 
I2 greater than 50% was considered indicative of heterogeneity 
between studies. Publication bias was evaluated using the funnel 
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plot and Egger’s test, and sensitivity analyses were conducted 
between studies. In addition, subgroup analysis was performed 
based on the dosage of liraglutide and the presence of diabetes. 
All analyses were conducted using Comprehensive Meta-Anal-
ysis software version 3 (Biostat, Englewood, NJ, USA).

RESULTS

Study characteristics
A total of 2,591 articles (PubMed 844, EMBASE 1,153, Co-
chrane Library 594) were identified on the literature search; 676 
overlapping articles were excluded, and 1,915 articles were ver-
ified for further screening. After excluding articles that did not 
meet the inclusion criteria, 101 studies were assessed for eligi-
bility. After further review and quality assessment, 31 studies 
were included in the meta-analysis (Fig. 1) [10-39], and a total 
of 8,060 participants were included. There were three and 28 
studies in obese adolescents and adults, respectively. Nine of the 
studies in adults only included obese or overweight patients 
with diabetes, and 12 studies included obese or overweight pa-
tients without diabetes. The main baseline characteristics of 
each study are summarized in Table 1 [10-40]. In the quality as-
sessment, the risk-of-bias was low in 27 studies [10-15,17-22, 

24-28,30-37,39]. Four RCTs had some concerns with regard to 
bias arising because of deviations from the intended interven-
tions [16,23,29,38].

Effect of liraglutide on changes in anthropometric data 
Twenty-four studies [10-14,16-22,24,25,27,28,30-34,37-39] 
with 7,742 participants (liraglutide group 4,721; placebo group 
3,021) reported changes in weight from the baseline. The SMD 
between the liraglutide group and the placebo group on using a 
random effects model was –0.71 (95% CI, −0.81 to −0.61), 
which indicated significantly more weight loss in the liraglutide 
group, and the I2 was 65.6%, indicating significant heterogene-
ity (Fig. 2). The funnel plot was symmetrical, and publication 
bias was not detected (Egger’s test: P=0.97) (Supplemental Fig. 
S1). In sensitivity analysis, the significance of the results did not 
change even after each study was removed, and no outliers were 
observed (Supplemental Fig. S2). 

Twenty one studies [12-14,16-22,24,25,28,30-34,37-39] with 
6,228 participants (liraglutide group 3,756; placebo group 
2,472) reported changes in weight (kg) from the baseline (MD, 
−4.19 kg; 95% CI, −4.84 to −3.55). Thirteen studies [10-
13,16,18,19,25,27,28,32-34] with 6,699 participants (liraglutide 
group 4,146; placebo group 2,553) reported percentage changes 

Records identified through database searching
(n=2,591) 

PubMed: 844
EMBASE: 1,153 

Cochrane library: 594

676 Excluded (duplicate records)

1,814 Excluded 
- Different topic of interest 
- An abstract, expert opinion, letter, or review

70 Excluded 
- 7 Studies (different topic of interest) 
- 3 Studies (insufficient data) 
- 28 Studies (do not meet inclusion criteria) 
- 32 Studies (same database)

1,915 Identified for title and abstract
screening

101 Identified for full text screening

31 Studies included in meta-analysis
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Fig. 1. Schema of the search strategy.
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in weight from the baseline and showed significantly decreased 
weight (MD, −4.16%; 95% CI, −4.90 to −3.43, I2=72%). In the 
subgroup analysis according to the dosage of liraglutide, the 
subgroup with seven studies of liraglutide administered at 1.8 
mg/day showed a significant reduction in body weight (MD, 
−4.04 kg; 95% CI, −4.61 to −3.47), and the subgroup with 12 
studies with liraglutide administered at 3.0 mg/day showed a 
significant change in body weight (MD, −4.24 kg; 95% CI, 
−5.27 to −3.22) (Table 2). Subgroup analysis was conducted ac-
cording to diabetic status. In studies conducted among nondia-
betic participants, patients receiving liraglutide had a signifi-
cantly larger reduction in weight from the baseline (MD, −4.47 
kg; 95% CI, −5.38 to −3.51) than patients receiving placebo. 
Moreover, the patients with diabetes lost weight compared with 
the baseline weight (MD, −3.78 kg; 95% CI, −4.68 to −3.23) 
(Table 3). 

Twenty one studies with 6,870 participants (liraglutide group 
4,230; placebo group 2,640) reported BMI changes from the 
baseline [12-14,16-18,20,21,23,25,27-29,32-39]. BMI was sig-
nificantly reduced in the liraglutide group compared with the 
placebo group (MD, −1.55; 95% CI, −1.76 to −1.34) (Fig. 2) 
with significant heterogeneity (I2=71.4%). Since analysis with 
the funnel plot was asymmetric (Egger’s test P=0.01), the trim-
and fill method to adjust for publication bias was conducted. 
Three studies were imputed using the trim and fill method, but 
the significance was maintained (MD, −1.47; 95% CI, −1.69 to 
−1.26) (Supplemental Fig. S1). In sensitivity analysis, the sig-
nificance of the results did not change even after each study was 
removed, and no outliers were observed (Supplemental Fig. 
S2). The subgroups receiving either liraglutide 1.8 or 3.0 mg/

day showed a significant decrease in BMI (Table 2). The sub-
group analysis according to the diabetes status showed that each 
subgroup had a significant reduction in BMI without heteroge-
neity (Table 3).

Twenty one studies with 7,437 participants (liraglutide group 
4,509; placebo group 2,928) reported WC changes from the 
baseline [10-13,16-18,20,21,25,27-30,32-34,36-39]. The WC 
was significantly reduced in the liraglutide group compared 
with the placebo group (MD −3.11 cm; 95% CI, −3.59 to −2.62) 
(Fig. 2) without significant heterogeneity among the studies 
(I2=34.3%). The funnel plot was symmetrical, and publication 
bias was not detected (Egger’s test P=0.14) (Supplemental Fig. 
S1). The MD was significant even when each study was re-
moved from the sensitivity analysis, and no outliers were ob-
served (Supplemental Fig. S2). In the subgroup analysis accord-
ing to the dosage of liraglutide, the subgroup with 10 studies 
with the administration of liraglutide at 1.8 mg/day showed a 
significant reduction in WC (MD, −2.55 cm; 95% CI, −3.21 to 
−1.89), and the subgroup with 12 studies of liraglutide adminis-
tration at 3.0 mg/day also showed a significant change in WC 
(MD, −3.39 cm; 95% CI, −3.93 to −2.85) (Table 2). In the sub-
group analysis by diabetes status, patients receiving liraglutide 
had a significantly larger reduction in WC from baseline than 
patients receiving placebo in the subgroups without or with dia-
betes mellitus (DM) (patients without DM: MD, −3.96 cm; 95% 
CI, −4.37 to −3.54; and patients with: MD, −2.61 cm; 95% CI, 
−3.14 to −2.07) (Table 3). 

Effect of liraglutide on cardiometabolic parameters
Twenty-one studies with 7,529 participants (liraglutide group 

Fig. 2. Forest plots summarizing the effect of liraglutide on change of anthropometric data from baseline compared to placebo group. (A) 
Weight change (standard mean difference), (B) body mass index, (C) waist circumference (cm). CI, confidence interval.
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4,622; placebo group 2,907) reported changes in blood pressure 
from the baseline (Fig. 3) [10-13,17,20-34,39]. Liraglutide sig-
nificantly lowered blood pressure without significant heteroge-
neity (systolic blood pressure: MD, −2.85 mm Hg; 95% CI, 
−3.36 to −2.35; I2=0%; and diastolic blood pressure: MD, 
−0.66 mm Hg; 95% CI, −1.02 to −0.30; I2=0%) (Fig. 3). The 
funnel plot was symmetrical, and no publication bias was de-
tected (systolic blood pressure, Egger’s test P=0.91; diastolic 
blood pressure, Egger’s test P=0.21) (Supplemental Fig. S1). 
The significance of these results did not change even after each 
study was removed in the sensitivity analysis (Supplemental 
Fig. S2). In the subgroup analysis according to the dosage of li-
raglutide, the subgroup with 11 studies with a liraglutide dosage 
of 3.0 mg/day showed a significant reduction in systolic blood 

pressure (MD, −2.87 mm Hg; 95% CI, −3.42 to −2.33) (Table 
2), and the subgroup with nine studies with a liraglutide dosage 
of 1.8 mg/day also showed a significant reduction in systolic 
blood pressure (MD, −2.72 mm Hg; 95% CI, −4.03 to −1.42). 
In the subgroup analysis according to the diabetes status, both 
subgroups among patients receiving liraglutide had a significant 
reduction of systolic blood pressure (Table 3). Diastolic blood 
pressure was significantly reduced only in the subgroup that re-
ceived 3.0 mg liraglutide/day or in the subgroup without DM 
(Tables 2, 3).

Twenty studies with 7,271 participants (liraglutide group 
4,452; placebo group 2,819) reported changes in HbA1c (Fig. 3) 
[10-14,18,20-29,32,33,38,39]. Liraglutide significantly lowered 
HbA1c, although there was significant heterogeneity (MD, 

Fig. 3. Forest plots summarizing the effect of liraglutide on change of cardiometabolic parameters from baseline compared to placebo group. 
(A) Systolic blood pressure (mm Hg), (B) diastolic blood pressure (mm Hg), (C) glycated hemoglobin (%), (D) low-density lipoprotein cho-
lesterol (mg/dL). CI, confidence interval.
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−0.40%; 95% CI, −0.49 to −0.31; I2=93.2%) (Fig. 3). The fun-
nel plot was asymmetrical, and significant publication bias was 
found (Egger’s test P=0.03) (Supplemental Fig. S1). One study 
was imputed using the trim and fill method, but the significance 
was maintained (MD, −0.40%; 95% CI, −0.49 to −0.31). The 
significance of the results did not change following removal of 
each study in the sensitivity analysis, and no outliers were ob-
served (Supplemental Fig. S2). In the subgroup analysis accord-
ing to the dosage of liraglutide, the subgroup with 10 studies 
with a liraglutide dosage of 3.0 mg/day showed a significant re-
duction in HbA1c (MD, −0.27%; 95% CI, −0.36 to −0.18) (Ta-
ble 2), and the subgroup with 11 studies of liraglutide dosage at 
1.8 mg/day also showed a significant reduction in HbA1c (MD, 
−0.61%; 95% CI, −0.83 to −0.38). Among patients with diabe-
tes, the HbA1c decreased by 0.73% (95% CI, −0.89 to −0.58) 
compared with the placebo group. Furthermore, improvements 
in HbA1c were greater in studies in patients with diabetes than 
in studies among patients without diabetes (MD, −0.20%; 95% 
CI, −0.25 to −0.14) (Table 3).

Twelve studies with 1,369 participants (liraglutide group 693; 
placebo group 676) reported changes in LDL-C concentration 
(mg/dL) from the baseline [11,13-15,20,22,26,30,32,33,38,39]. 
The MD between the liraglutide group and the placebo group 
using a random effects model was –2.91 mg/dL (95% CI, −5.28 
to −0.53) without significant heterogeneity (I2=0%). The funnel 
plot was symmetrical, and publication bias was not detected 
(Egger’s test P=0.44) (Supplemental Fig. S1). In sensitivity 
analysis, the significance of the results did not change even after 
each study was removed, and no outliers were observed (Sup-

plemental Fig. S2). Six studies with 5,481 participants (liraglu-
tide group 3,535; placebo group 1,946) reported percentage 
changes in LDL-C concentration (%) from baseline and showed 
a significant reduction in LDL-C concentration (MD, −0.87%; 
95% CI, −1.17 to −0.56) [27].

Safety of liraglutide 
Among 4,587 participants with liraglutide in 19 studies [10-
13,18,19,21,23-28,31,33,34,36-38], 279 (6.1%) had serious ad-
verse event (Table 4). However, the risk in the liraglutide group 
for serious adverse event was not significantly higher than that 
of the placebo group (odds ratio [OR], 1.10; 95% CI, 0.89 to 
1.36; I2=0%). In 20 studies with 4,777 participants, 429 (9.0%) 
discontinued the treatment due to adverse events [1,10-13,16, 
18-20,23-26,29-31,33,36,37,41]. 

In 14 studies with 3,485 participants (liraglutide group 2,031; 
placebo group 1,454) [10-13,18,19,24-26,30,31,33,38,41], par-
ticipants who received liraglutide had a significantly higher risk 
of gastrointestinal symptoms than those in the placebo group 
(OR, 2.99; 95% CI, 2.57 to 3.47; I2=48.8%). The risk of the li-
raglutide group for hypoglycemia was significantly higher than 
that of the placebo group (OR, 1.66; 95% CI, 1.32 to 2.09; 
I2=38.6%) [10,11,18,21,24,32,36]. 

DISCUSSION 

In this meta-analysis of 31 studies, liraglutide therapy showed a 
significant association with body weight change. Overweight 
and obese people treated with liraglutide showed reduced body 

Table 4. Adverse Events

Adverse event
Prevalence of adverse event Odds ratio 

(95% CI)
Heterogeneity 

(I2), % Reference
Liraglutide Placebo

Serious adverse events 6.1 (279/4,587) 5.6 (155/2,759) 1.10 (0.89–1.36) 0 [10-13,18,19,21,23-28,31,33,34,36-38]

Treatment withdrawal 
due to adverse events 

9.0 (429/4,777) 3.6 (106/2,916) 2.44 (1.95–3.06) 0 [1,10-13,16,18-20,23-26,29-31,33,36,37,41]

Gastrointestinal adverse 
events

67.4 (1,368/2,031) 43.9 (639/1,454) 2.99 (2.57–3.47) 48.8 [10-13,18,19,24-26,30,31,33,38,41]

      Nausea 39.4 (1,849/4,689) 14.2 (406/2,859) 4.00 (3.53–4.53) 41.1 [1,10-13,15,16,18,20,21,25,26,30-33,36,41]

      Diarrhea 20.4 (958/4,689) 10.9 (312/2,859) 2.13 (1.85–2.46) 0 [1,10-13,15,16,18,20,21,25,26,30-33,36,41]

      Vomiting 16.1 (741/4,610) 4.6 (127/2,785) 4.03 (3.30–4.93) 12.4 [1,10-13,15,18,20,21,25,30-33,36,41]

      Abdominal pain 6.8 (277/4,071) 4.7 (111/2,387) 1.62 (1.28–2.06) 43.9 [1,10-13,15,16,20,21,30,32,33,36,41]

Hypoglycemia 36.7 (478/1,303) 26.0 (237/910) 1.66 (1.32–2.09) 38.6 [10,11,18,21,24,32,36]

Values are expressed as percentage (number/total number).
CI, confidence interval.
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weight and decreased WC compared with those treated with 
placebo. Moreover, liraglutide reduced both systolic and dia-
stolic blood pressure, improved glucose tolerance, and im-
proved dyslipidemia. 

Since the FDA approved liraglutide as a long-term anti-obesi-
ty drug in 2014, researchers have analyzed the clinical outcomes 
of liraglutide and compared its benefits to other anti-obesity 
drugs. In 2016, Khera et al. [5] compared the weight loss effica-
cy of five FDA approved drugs in 28 clinical trials by meta-
analysis. The primary outcome of the study was the proportion 
of participants who achieved at least 5% weight loss at 1 year 
[5]. They reported that liraglutide was one of the two most ef-
fective weight loss drugs (liraglutide: average 5.3 kg weight loss 
at 1 year compared with placebo) [5]. The most effective drug 
was phentermine-topiramate (average 8.8 kg loss at 1 year). 
Both of these drugs are appetite suppressants. A recent long-
term follow-up study reported that liraglutide also led to sus-
tained weight loss. A 3-year clinical trial reported that partici-
pants receiving liraglutide maintained reduced body weight at 3 
years [34]. After 5 years, patients with type 2 diabetes mellitus 
(T2DM) receiving liraglutide showed significantly reduced 
body weight (−5.3±6.4 kg) [42]. 

Liraglutide has also shown significant improvements in car-
diovascular outcomes in T2DM patients. The Liraglutide and 
Cardiovascular Outcomes in Type 2 Diabetes (LEADER) trial 
(Clinicaltrials.gov NCT01179048) reported that liraglutide re-
duced major cardiovascular outcomes (hazard ratio, 0.85; 95% 
CI, 0.73 to 0.99) in T2DM patients with myocardial infarction/
stroke history [43]. Furthermore, liraglutide reduced the com-
posite risk of heart failure (HF) hospitalization or cardiovascular 
death in T2DM patients with and without HF (hazard ratio, 
0.92; 95% CI, 0.74 to 1.15) and those without a history of HF 
(hazard ratio, 0.77; 95% CI, 0.65 to 0.91) [44].

In patients without diabetes, liraglutide does not reduce the 
cardiovascular disease risk. The Satiety and Clinical Adiposity-
Liraglutide Evidence (SCALE) clinical trial reported that 3.0 
mg liraglutide had no significant association with the composite 
outcome of first occurrence of cardiovascular death, nonfatal 
myocardial infraction, or nonfatal stroke (hazard ratio, 0.70; 
95% CI, 0.20 to 2.50) [41]. Although that study did not prove 
the benefits of liraglutide on major cardiovascular outcomes, 
this meta-analysis showed the possible cardiovascular benefits 
of liraglutide in nondiabetic individuals. Liraglutide treatment 
significantly reduced both systolic and diastolic blood pressures 
and LDL-C in nondiabetic participants. 

The underlying mechanism of body weight reduction by lira-

glutide mainly depends on appetite suppression and delayed 
gastric emptying by GLP-1 [7]. The half-life of natural GLP-1 
in the circulation is less than 2 minutes [7]. The enzyme dipepti-
dyl peptidase-4 degrades GLP-1, and the kidneys rapidly clear 
the remnant metabolites [45]. To overcome this limitation, lira-
glutide was created by substituting an amino acid and adding a 
fatty acid chain [45]. The half-life of liraglutide is 13 hours, 
which means that once-daily subcutaneous administration is 
sufficient to control the glucose levels of people with diabetes 
and to reduce the appetite of obese individuals [45]. 

GLP-1 receptor agonists have shown non-inferiority for car-
diovascular outcomes of T2DM patients in seven recent clinical 
trials; Evaluation of Lixisenatide in Acute Coronary Syndrome 
(ELIXA); LEADER; Semaglutide Unabated Sustainability in 
Treatment of Type 2 Diabetes (SUSTAIN-6); Exenatide Study 
of Cardiovascular Event Lowering Trial (EXSCEL); Harmony 
outcomes study; Researching Cardiovascular Events With a 
Weekly Incretin in Diabetes (REWIND); and Peptide Innova-
tion for Early Diabetes Treatment (PIONEER) 6 trials [46]. 
Among these clinical trials, GLP-1 receptor agonists showed 
significant cardiovascular benefits in two trials (liraglutide in 
the LEADER trial and semaglutide in SUSTAIN-6) [46]. Lira-
glutide improved cardiovascular outcomes in T2DM patients 
(hazard ratio, 0.87; 95% CI, 0.78 to 0.97) over a 3.8-year medi-
an follow-up [46,47]. Semaglutide is a new, long-acting GLP-1 
receptor agonist, which allows for weekly subcutaneous injec-
tion [48]. Moreover, semaglutide improved cardiovascular out-
comes in T2DM patients (hazard ratio, 0.74; 95% CI, 0.58 to 
0.95) during a 2.1-year median follow-up [46,49]. 

This meta-analysis provides supporting evidence of the car-
diovascular benefits of GLP-1 receptor agonists. The underlying 
cardioprotective mechanisms of liraglutide depend on both di-
rect and indirect actions in multiple organs. GLP-1 receptor ag-
onists have direct effects on the heart, as well as broader antidia-
betic and anti-obesity effects [50]. GLP-1 reduces cardiac in-
flammation in mice receiving a high-fat diet and reduced the in-
farct size in a mouse myocardial infarction model [51]. In ani-
mal studies and human clinical trials, GLP-1 receptor agonists 
have resulted in improved lipid profiles, reduce fat inflamma-
tion, and induce natriuresis in the kidney [51,52]. 

This meta-analysis show that liraglutide treatment reduced 
the LDL-C levels of the participants. This improvement may be 
the result of body weight reduction and improved glucose con-
trol by liraglutide treatment [52]. Recent papers reported that 
GLP-1 receptor agonism directly modulates hepatic cholesterol 
metabolism by suppressing adenosine triphosphate-binding cas-
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sette transporter A1 [53] and regulating intestinal lipid and lipo-
protein metabolism [54]. These direct effects of GLP-1 are other 
possible mechanisms of lipid lowering effects of liraglutide.

This study had some limitations. First, we could not evaluate 
the direct benefits of liraglutide use on the major cardiovascular 
outcomes of participants. Although, we identified enough data 
related to cardiovascular parameters and calculated the benefi-
cial effects of liraglutide use on these parameters, there are 
enough clinical studies about cardiovascular events after lira-
glutide use. Second, we could not analyze important blood pa-
rameters related to obesity and cardiometabolic dysfunctions, 
such as adiponectin, leptin, and inflammatory markers, because 
of lack of data. Further long-term follow-up clinical trials are 
needed to overcome these limitations. 

In conclusion, liraglutide is a very effective treatment for 
overweight and obese individuals for body weight reduction 
and sustained weight loss. Furthermore, this therapy improves 
cardiometabolic parameters during treatment. Additional long-
term clinical studies are needed to confirm the cardioprotective 
role of liraglutide in nondiabetic individuals.  
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