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Abstract
Liraglutide is a long-acting human glucagon-like peptide-1 (GLP-1) analogue and an effective treatment for patients with
metabolic diseases including type 2 diabetes mellitus (T2DM) and obesity. This review focuses on the mechanism of action
of liraglutide as a well-known glucagon-like peptide-1 receptor agonist (GLP-1 RA) in patients with T2DM and obesity. The
lower and the higher doses of GLP-1 RAs are used for glycaemic control in T2DM and in obesity respectively. GLP-1 RAs such
as liraglutide enhance insulin secretion and inhibit glucagon release via the stimulation of glucagon-like peptide-1 receptors
(GLP-1Rs). Liraglutide decreases hemoglobin A1c (HbA1c) in type 2 diabetes (T2D) patients when prescribes as monotherapy
or in combination with one or more antidiabetic drugs. Usually, it is well tolerated with minor hypoglycemia in combination
therapy. Liraglutide reduces cardiovascular events and related risk factors including improvement of lipid profile and control of
blood pressure. Accordingly, it can be cost-effective and may be a budget neutral medication option by considering its protective
effect on the cardiovascular system in long-term use in the health care plan. In the near future, by pharmacogenomics approach,
prediction of the highest patient’s response with the lowest adverse drug reactions and also rationality of drug development will
be possible. Liraglutide can be used as a desirable medicine for glycemic control and obesity. It shows extensive evidence based
benefits in diabetes complications. In this narrative review, we have summarized and evaluated studies related to the role of
liraglutide in clinical practice.
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GI Gastrointestinal
LEAD Liraglutide effect and action in diabetes
FPG Fasting plasma glucose
PPG Postprandial plasma glucose
HOMA-B Homeostasis model assessment

of β-cell function
IDegLira Insulin Degludec/Liraglutide
ASCVD Atherosclerotic cardiovascular disease
HF Heart failure
CVOTs Cardiovascular outcome trials
MACE Major advers cardiovascular events
LDL-C Low-density lipoprotein cholesterol
SBP Systolic blood pressure
UACR Urinary albumin-to-creatinine ratio
SCALE Satiety and Clinical Adiposity

-Liraglutide Evidence
OSA Obstructive sleep apnea
AHI Apnea-hypopnea index
IBT Intensive behavioral therapy
MC4R Melanocortin 4 receptor;
PCOS Polycystic ovary syndrome
SNPs Single nucleotide polymorphisms
GIPR Gastric inhibitory polypeptide receptor
TCF7L2 Transcription factor 7 like 2
MTNR1B Melatonin receptor 1B
CTRB1/2 Chymotrypsinogen B1/2
KCNQ1 Potassium voltage-gated channel

subfamily Q member 1
CNR1 Cannabinoid type 1 receptor

Introduction

Type 2 diabetesmellitus (T2DM) and obesity are major public
health burden and their incidence have increased in recent
year [1]. Efficacy treatment of these conditions is more
challengeable.

Diabetes mellitus (DM) is a complex chronic, progressive,
incompletely understood the metabolic condition in the world.
T2DM is the most prevalent type which approximately %90
of the population suffering from diabetes [2]. T2DM is a com-
mon condition characterized by a combination of peripheral
insulin resistance and inadequate insulin secretion by pancre-
atic beta cells [3]. It is associated with high morbidity and
mortality and is one of the diseases with the greatest impact
on public health. Patients with T2DM are at high risk for long-
term macro and microvascular complications, which lead to
frequent hospitalization and complications, including cardio-
vascular diseases (CVDs) [3]. Furthermore, the mortality rate
of diabetes will double in number by 2030 if not given more
attention [4].

Eight pathophysiological mechanisms underlying
T2DM as an “ominous octet” lead to hyperglycemia [5].

These include (i) decreased insulin secretion from pancre-
atic beta cells, (ii) increased glucagon secretion from pan-
creatic α cells, (iii) increased glucose production in the
liver, (iv) neurotransmitter dysfunction and insulin resis-
tance in the brain, (v) increased lipolysis, (vi) dysregulat-
ed renal glucose handling, (vii) dysfunctional incretin ef-
fect, and (viii) impaired glucose uptake in peripheral tis-
sues, mainly in skeletal muscle, liver, and adipose tissue.
Currently available glucose-lowering drugs mainly target
one of these pathways [5]. Although, the treatment of
T2DM has greatly improved, but it is necessary to explore
new methods for treating T2DM. While glucose control
remains the main priority in managing T2D patients, treat-
ment should always be considered in context of a com-
prehensive approach to including comorbidity. Obesity as
a major global health problem is a complex disease
resulting from genetic and environmental factors.
Obesity associated with a higher risk of various chronic
diseases, including T2DM, hypertension, atherosclerotic
cardiovascular diseases (ASCVDs), nonalcoholic fatty liv-
er disease, osteoarthritis and cancers (breast, kidney, en-
dometrium, colon) [6]. Overweight and obesity are com-
monly estimated by the body mass index (BMI) and waist
circumference [6]. Several guidelines recommend that the
cornerstones of obesity management are lifestyle and be-
havioral modifications such as low-calorie intake and in-
creased physical activity. Pharmacotherapy may be added
to as an adjunct. Obesity pharmacotherapy is usually in-
dicated for patients with BMI ≥30 kg/m2 or BMI ≥ 27 kg/
m2 with obesity-associated comorbidities [7].

Therefore, obesity is associated with many comorbidities
so there is an urgent need for new therapeutic strategies too [8,
9]. Pharmacological treatments for obesity are promising, with
varying effectiveness for weight loss.

In addition to the insulinotropic activity of glucagon-
like peptide-1 (GLP-1) in healthy individuals, glucose-
dependent insulinotropic polypeptide (GIP) and GLP-1
play important roles in different biological processes.
GLP-1 suppresses glucagon secretion, especially at hyper-
glycemia. GIP has been stimulating glucagon secretion,
particularly at lower glucose concentrations. GLP-1 also
decreases hepatic glucose output independent of plasma
glucagon level [10]. Therefore, glucagon-like peptide-1
receptor agonists (GLP-1 RAs) are useful in the early
stages of progression in the natural history of diabetes
mellitus with their well-known effects in the improvement
of metabolic dysfunction. (Fig. 1). The GLP-1 RAs also
demonstrate some differences in their impact on clinical
conditions.

It is very useful to bring together practical information on
the use of liraglutide. The aim of the present narrative review
is to describe the emerging role of liraglutide as a therapeutic
option mainly used for T2DM and Obesity.
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Incretin hormones role in the physiology
and pathophysiology of obesity and type 2
diabetes; the therapeutic perspective

Oral glucose induces higher insulin secretory responses than
intravenous glucose infusion even when the same plasma glu-
cose concentration profiles (“isoglycaemia”) is achieved in
healthy individuals. This effect is uniformly defective in pa-
tients with T2DM.

This is the result of the release of incretin hormones (glu-
cose-dependent insulinotropic polypeptide, glucagon-like
peptide-1; GIP, GLP-1) from specialized entero-endocrine
cells in the gut. Of the three parts of this pathway, substrates
such as glucose, incretin hormones, and neural signals trans-
mitted by the autonomic nervous system originating from the
gut and reaching the endocrine pancreas, the second one
makes the most considerable contribution under physiological
circumstances. Accordingly, the physiological stimulation of
insulin secretion through incretin hormones is considerably
important, and it is so called insulinotropic effect.

The glucose-dependent insulinotropic polypeptide
(GIP) and glucagon-like Peptide-1 (GLP-1)

The glucose-dependent insulinotropic polypeptide is an
incretin hormone which was purified using a bioassay mea-
suring the inhibition of gastric acid secretion with the old
name “Gastric Inhibitory Polypeptide (GIP)”. GIP is produced
in K cells of the intestines. The main function of GIP is
glucose-dependent augmentation of insulin secretion [10].

Glucagon-like peptide-1 is the other known incretin hor-
mone which was identified as a part of the gene sequence
coding for proglucagon that is expressed in L-cells of the
intestine.

These two primary incretin hormones secreted from the
intestine upon ingestion of glucose and other carbohydrates
including sucrose and starch, triglycerides, and some amino
acids as well as proteins. Nevertheless, proteins are a compar-
atively weak stimulus [10–12] and lipids provide a rather ro-
bust stimulus for GLP-secretion [11].

Biological effects of GLP-1

GLP-1 exerts their effects by binding to their specific recep-
tors. The glucagon-like peptide-1 receptor (GLP-1R) is a class
2 G protein coupled receptor family. The receptor is common-
ly distributed in pancreatic islets, kidney, brain, heart and the
gastrointestinal tract [11]. Binding GLP-1 to the receptor ac-
tivates the signal transduction pathway and enhances the level
of intracellular cyclic adenosine monophosphate (cyclic
AMP) in pancreatic beta-cells, and consequently stimulates
insulin secretion in a glucose-dependent manner [11].

The actions exerted by GLP-1 through glucagon like pep-
tide 1 receptor (GLP-1R) were investigated in several studies
[13], some of the actions are listed as follow:

(1) Body weight and appetite: GLP-1 as a neurotransmitter
can act on both the peripheral nervous system (PNS) and
central nervous system (CNS). The latter one is related to
satiety and loss of appetite [14]. GLP-1 has been found to

Fig. 1 Liraglutide and
pathophysiological conditions
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reduce appetite and food intake and increases satiety and
it seems to be one of the meal-termination signals [15].

(2) Intestinal transition: Exogenous GLP-1 inhibits the gas-
tric emptying, pentagastrin and gastric acid secretion
stimulated by food ingestion [16]. In addition to slowing
gastrointestinal motility, pancreatic exocrine secretions
are reduced, too.

(3) Cardiovascular function: Several effects have been sug-
gested for GLP-1 and GLP-1 RAs regarding their effect
on the cardiovascular system. Some of them include in-
flammatory responses in adipose tissue and blood ves-
sels, heart failure, atherosclerosis progression, inflamma-
tion and plaque stability, myocardial ischemia, and car-
diac blood supply, which will be discussed later in this
article [17].

Pharmacological management of T2DM

The American Diabetes Association (ADA) has released a
series of recommendations called Standards of Medical Care
in Diabetes to improve diabetes outcomes. The recommenda-
tions include lifestyle management, cost-effective screening
and pharmacologic approaches to glycemic treatment in order
to prevent, delay, or effectively manage T2DM and its life-
threatening complications [3]. The main goal of these ap-
proaches is to improve quality of life by reducing morbidity
and mortality and not necessarily strict glycemic control
through different medications. Though, good glycemic con-
trol is one of the main principles of T2DM management.

Monotherapy with metformin should be started at the time
of T2DM diagnosis; for most of the patients, this will be the
main long life anti-diabetic drug in combination with intensive
lifestyle management [3, 18].

The other major classes of anti-diabetic drugs include
sulfonylureas, thiazolidinediones (TZDs), α-glucosidase
inhibitors, meglitinides (glinides), dipeptidyl peptidase 4
(DPP-4) inhibitors, sodium-glucose cotransporter-2
(SGLT-2) inhibitors, GLP-1 RAs, bile acid sequestrants,
dopamine-2 agonists, and amylin mimetics [3]. If the he-
moglobin A1c (HbA1c) target is not achieved or rises on
combination therapy, insulin initiation should be consid-
ered [3, 18]. Food and Drug Administration (FDA) ap-
proved oral anti-hyperglycaemic agents with their mecha-
nism actions in treatment of type 2 diabetes is shown in
Table 1.

GLP-1 RAs for the management of T2DM

Many treatment modalities for T2DM target the hormonal
changes that cause glucose disposal weaknesses, including
defects in insulin secretion, insulin resistance, and alterations

in glucagon secretion, all of which influence on glycemic
control. Among them, incretin hormones would be considered
as an attractive therapeutic option. Patients with T2DM have
appreciably lower GLP-1 concentrations triggered by meal
intake when compared with healthy individuals.
Furthermore, in prediabetes state, patients show higher GLP-
1 concentrations level in comparison with T2DM, but less
than who did not have evidence of diabetes [5, 18, 19].

The currently available GLP-1 RAs are divided into the
short-acting formulations exenatide and lixisenatide and the
longer-acting formulations semaglutide, liraglutide,
albiglutide, dulaglutide, and exenatide [12, 20]. All exhibit
the same mechanism of action and are resistant to enzymatic
degradation by DPP-4. They differ in a number of some char-
acteristics, including (1) treatment dose and frequency (e.g.
twice daily vs. once weekly); (2) whether it is a necessity to
be taken at a certain time with the meals; (3) optimum use in
particular patient groups (e.g. elderly patients or those with
liver or kidney conditions); and (4) features of the injection
device [12]. The GLP-1 RAs also have some differences in
their cardiovascular benefits and in the incidence of side ef-
fects such as gastrointestinal symptoms [21].

Liraglutide pharmacology

The natural GLP-1 peptide is short-acting owing to its short
half-life, but synthetic GLP-1 RAs are longer acting [22, 23].
Liraglutide (Victoza®) received its initial FDA approval as a
“long-acting human GLP-1” analogue in January 2010 as an
adjunctive treatment for diet and exercise in patients with T2D
[24]. Liraglutide can reversibly bind to albumin through
heptamer formation mediated by the fatty acid (Palmitoyl ac-
id) [25]. This binding extends the half-life of its structure.
Liraglutide itself encompasses an amino acid sequence that
shares %97 similarity with the human endogenous GLP-1
peptide [24, 26].

GLP-1Rs are found in pancreatic alpha and beta cells,
Gastrointestinal (GI) tract; the central and peripheral nervous
systems, and the heart, lungs. After injection of liraglutide, in
the presence of elevated glucose level, liraglutide binds to the
GLP-1R and results in an increase in insulin secretion, inhibi-
tion of postprandial glucagon secretion and delay of gastric
emptying [12].

Liraglutide administered once daily but requires dose titra-
tion. It is usually initiated at a dose of 0.6 mg once daily for a
week to improve gastrointestinal tolerability and then titrated
in a weekly manner. The dose can be increased up to 1.8 mg
daily to achieve glycemic goals [3, 12].

Liraglutide is also suggested as monotherapy in adjunct
to diet and exercise and when metformin is considered to
be unacceptable due to intolerance or contraindications
[3].
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Liraglutide in clinical practice

The safety, tolerability, and efficacy of liraglutide both as
monotherapy and combination with a range of anti-diabetic
drugs were investigated in the Liraglutide Effect and Action in
Diabetes (LEAD) programs in patients with T2DM in differ-
ent steps of available treatment. The corresponding efficacy
was assessed on glycemic control, bodyweight, beta cell func-
tion, blood pressure, and lipid profile [27]. The LEAD pro-
gram comprised six randomized controlled phase 3 trials
which involving 4456 patients of whom nearly 2700 received
liraglutide [27].

In the efficacy concerns, the results of LEAD trials obvi-
ously revealed that once-daily administration of liraglutide led
to a substantial and sustained reduction in HbA1c.
Furthermore, fasting plasma glucose (FPG) and postprandial
plasma glucose (PPG) were also effectively decreased across
the LEAD trials [25, 27]. Improvement in beta cell function
was shown by homeostasis model assessment of β-cell func-
tion (HOMA-B) and proinsulin: insulin ratio [25, 27]. In the
safety concern no major safety problems with liraglutide were
seen in any of the LEAD trials and was generally well toler-
ated [27].

The progressive nature of T2DM necessitates intensifica-
tion of treatment in the long run. As an alternative to intensi-
fication with prandial insulin in order to successfully improve
glycemic control (basal-bolus insulin regimen), basal insulin
and GLP-1 RAs can be used in combination. Insulin
Degludec/Liraglutide (IDegLira) is the first fixed-ratio group-
ing of basal insulin and a GLP-1 RA available in a single
once-daily injection. Phase 3a trials have been indicated that
IDegLira is superior at improving glycemic control compared
with insulin degludec or liraglutide alone. IDegLira

recommended as an efficacious combination treatment (mean
end-of-trial HbA1c was 6.4–%6.9 across the five completed
Phase 3 trials) and could help patients to reach their glycemic
target (HbA1c <%7 in 60-%81 of patients) [28].

Cardiovascular events and mortality
in patients with type 2 diabetes

Atherosclerotic cardiovascular disease (ASCVD) remains the
leading cause of morbidity and mortality in patients with
T2DM. Diabetic individuals have a two-fold higher risk of
developing CVDs than in non-diabetic individuals and the
incidence rates of congestive heart failure (HF) in individuals
with diabetes are 5-fold and 2.4-fold higher than in women
and men without diabetes, respectively [29].

Several cardiovascular outcome trials (CVOTs) had been
accomplished for glucose-lowering medications. The long-
term effects of liraglutide on cardiovascular outcomes and
other clinically important events have been investigated in
the liraglutide effect and action in diabetes: evaluation of car-
diovascular outcome results (LEADER) trial [30].

The LEADER trial included 9340 patients with T2DM
with an age of 50 years or more with established CVD condi-
tion (coronary heart disease, cerebrovascular disease, periph-
eral vascular disease, chronic kidney disease of stage 3 or
greater, or chronic heart failure of New York Heart
Association class II or III) or greater than 60 years with at
least one major CVD risk factors included microalbuminuria
or proteinuria, hypertension and left ventricular hypertrophy,
left ventricular systolic or diastolic dysfunction, or an ankle-
brachial index of <0.9. Patients were randomized to receive
1.8 mg liraglutide (n = 4668) or placebo (n = 4672), both in

Table 1 Oral agents approved for
treatment of type 2 diabetes Class Mechanism of action Target organ site

Biguanides [57] Decrease in hepatic glucose production;
increase in muscle insulin sensitivity
by activating AMPK

Liver and intestine

Thiazolidinediones
(TZDs) [58]

Bind PPAR-γ, decrease insulin resistance
and increase glucose utilization

Muscle, adipose
tissue, and liver

Sulfonylureas [59] Stimulates beta cell insulin secretion. Islet cells of pancreas

α-glucosidase
inhibitors [60]

Reduces absorption of dietary carbohydrate,
by inhibiting the enzyme alpha-glucosidase

Intestine

Meglitinides (glinides)
[61]

Stimulate the release of insulin from
the pancreatic beta cells

Islet cells of pancreas

DPP-4 inhibitors [62] Prevent degradation Of GLP-1 Intestine

SGLT-2 inhibitors [63] Prevent glucose reabsorption and facilitate
its excretion in urine by inhibiting SGLT-2

Kidney

GLP-1 receptor
agonists [64]

Activate GLP-1 receptor, increase insulin secretion, de-
crease glucagon secretion

Islet cells of pancreas

AMPK, AMP-activated protein kinase; PPAR-γ, Peroxisome proliferator-activated receptor gamma; DPP-4,
Dipeptidyl peptidase 4; GLP-1, SGLT-2, sodium-glucose cotransporter-2; Glucagon-like peptide-1
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addition to standard-of-care therapy. The median exposure to
study drug and median duration of follow up was 3.5 and
3.8 years respectively [30].

The primary 3-point major adverse cardiovascular events
(MACE), composite outcomes included cardiovascular death,
non-fatal myocardial infarction or stroke. The primary out-
come (MACE) occurred in %13 and %15 of the liraglutide
and the placebo treatment group, respectively. The main find-
ing of the LEADER showed that liraglutide significantly re-
duced the 3-point MACE, cardiovascular and all-cause mor-
tality [30]. One of the secondary endpoints was hypoglyce-
mia. Patients with severe hypoglycemia were at greater risk of
cardiovascular events and death, mainly shortly after the hy-
poglycemic period [31]. The rate of severe hypoglycemia was
lower in the liraglutide group.

In a prespecified group analysis the effects of liraglutide on
renal outcomes have been investigated too. In this analysis the
risk of renal outcomes was determined by an intention-to-treat
approach. Change in estimated glomerular filtration rate and
albuminuria was also evaluated. The hazard ratio of renal
outcomes in the liraglutide group was fewer than in the place-
bo group. Liraglutide resulted to a lower risk of the composite
renal outcomes than placebo that is related to a lower rate of
new-onset persistent macroalbuminuria [32].

In a meta-analysis of the LEAD trials, it was seen that the
treatment with liraglutide reduces total cholesterol, low-
density lipoprotein cholesterol (LDL-C) and triglycerides,
compared with standard treatment and in the LEAD-6 a re-
duction n triglycerides has been observed in comparison with
twice-daily exenatide [33].

In a pooled analysis of the LEAD trials, it was observed
that liraglutide treatment lead to approximately 2.8 mmHg
reduction in systolic blood pressure (SBP), as opposed to 0.
5 mmHg with placebo [34].

Potential mediators for the cardiovascular benefit with
liraglutide in the LEADER trial have been investigated;
HbA1c and, to a lesser extent, urinary albumin-to-creatinine
ratio (UACR) were identified as potential mediators of the
cardiovascular effects of liraglutide [35].

Liraglutide in obesity treatment

Liraglutide is an obesity medication for chronic weight man-
agement that labeled as Saxenda® both in the USA and
Europe since 2014 and 2015, respectively [36]. Central ner-
vous system studies confirmed that altered activation of pari-
etal cortex, insula, and putamen which is responsible for ap-
petite behavior in reaction to pictures of desirable food are
responsible for reducing hunger and increased fullness in
treatment with liraglutide [37].

Liraglutide is prescribed as a subcutaneous injection once
daily. The optimal starting dose is 0.6 mg daily and escalated
weekly by 0.6 mg to 3.0 mg daily as a therapeutic dosage [38].

The liraglutide’s side effects were investigated in a 56-week,
double-blind trial involving 3731 obese patients which ran-
domly patients assigned in a 2:1 ratio that receive once-daily
subcutaneous injections of 3.0 mg dose of liraglutide. The
most placebo substracted side effects were abdominal pain
(%1.7), dyspepsia (%6.4), vomiting (%12.2), constipation
(%11.3), diarrhea (%11.6) and nausea (%25.5) [39]. Some
areas of the brain contain GLP-1Rs which are targets of
GLP-1 analogues are responsible for nausea and vomiting
[37]. These side effects usually are mild and tolerable by most
of the patients and tolerability increases over time [37, 39].

Liraglutide trials for obesity

The Satiety and Clinical Adiposity-Liraglutide Evidence
(SCALE) trials were done to show the efficacy of this drug
in different groups of patients who suffer from obesity and
included nondiabetic, prediabetic and diabetic people for
weight reduction and maintaining the reduced weight and
even reduce the complication of obesity such as sleep apnea,
resulted in the approval of liraglutide (Saxenda®) as an anti-
obesity medication [39–42].

In the SCALE Maintenance, 422 adults obese/overweight
without T2DM participants were randomly assigned to re-
ceive liraglutide 3.0 mg per day or placebo (subcutaneous
administration) for 56 weeks. Liraglutide holds promises for
maintenance of weight loss in a placebo-subtracted %32.5 of
the patients in the treatment group and an additional placebo-
subtracted %6 weight loss. Furthermore, liraglutide induces
additional reductions in CVD risk factors including fasting
blood glucose (FBG) and systolic blood pressure (SBP) [40].

The SCALE Diabetes, 846 adults with overweight or obe-
sity and type 2 diabetes were randomly assigned to receive
liraglutide once-daily 3.0 mg, liraglutide 1.8 mg, or placebo
for 56 weeks. Weight loss of %5 or greater occurred in %54.3
with liraglutide (3.0 mg) and %40.4 with liraglutide (1.8 mg)
vs. %21.4 with placebo at the end of the study [42].

The SCALE Obesity and Prediabetes, a 56-week double-
blind trial, 3731 adult obese patients with prediabetes recruit-
ed to this study, 2487 patients were assigned to liraglutide
3.0 mg once-daily. In this trial, 3.0 mg of liraglutide in addi-
tion to diet and exercise was associatedwith significant weight
loss [39].

In the SCALE Sleep Apnea, 308 obese non-diabetic with
moderate to severe obstructive sleep apnea (OSA) were ran-
domized for 32 weeks to ligarutide 3.0 mg or placebo, both an
adjunct to diet and exercise. The results showed that
liraglutide was well tolerated and produced a greater reduction
in HbA1c, apnea-hypopnea index (AHI), body weight, and
systolic blood pressure when compared with placebo [42].
By considering the liraglutide trials, liraglutide 3.0 mg once
daily seems to show a similar effect on weight loss manage-
ment without considering previous diet lifestyle management.

1868 J Diabetes Metab Disord (2020) 19:1863–1872

https://www.sciencedirect.com/topics/medicinendentistry/systoliclood-ressure


In a systematic review and network meta-analysis on FDA
weight-loss medications, overall evaluation and comparative
analysis of their effects in long-term use on the cardiometa-
bolic risk profile of obese adults were investigated. This meta-
analysis indicated that liraglutide was significantly associated
with a substantial decrease in HbA1c, FBS and a reduction in
the placebo-subtracted waist circumference (WC) of 4 cm in
1.2 to 3.0 mg of liraglutide during 52 to 104 weeks [43].

In a 56-week, randomized, double-blind, placebo-con-
trolled, multinational, multicenter trial a total 396 individuals
with overweight or obesity and basal insulin-treated type 2
diabetes were randomized to liraglutide 3.0 mg or placebo
combined with intensive behavioral therapy (IBT). In individ-
uals with overweight or obesity and type 2 diabetes treated
with basal insulin, liraglutide 3.0 mg as an adjunct to IBT was
superior to placebo in terms of weight loss and improved
glycemic control despite lower doses of basal insulin [44].

In a recent 56-week randomized, double-blind trial, a total
of 125 participants were randomly enrolled (1:1) to receive
either liraglutide (3.0 mg) or placebo subcutaneously once
daily. The use of liraglutide (3.0 mg) plus lifestyle therapy
led to greater decreseae in the BMI standard-deviation score
than placebo [45].

Liraglutide in other conditions

Monogenic obesity

The effect of liraglutide 3 mg for 16 weeks was evaluated in
14 monogenic obese individuals with pathogenic
melanocortin 4 receptor (MC4R) mutations (BMI: 37.5 ±
6.8 kg/m2) and 28 matched control participants without
MC4R mutation (BMI: 36.8 ± 4.8 kg/m2). Melanocortins are
expressed in the hypothalamus and play an important role in
regulating appetite as one of the mechanisms of GLP1 recep-
tors is appetite inhibition. Administration of liraglutide de-
creased body weight by %6 in obese with MC4R mutations
(6.8 kg) and normal controls (6.1 kg); it shows that GLP-1
receptors are effective in this common form of monogenic
obesity [46]. Waist circumferences is reduced by a placebo-
subtracted 5.3 and 6.4 cm and fasting insulin by 0.25 and
0.4 mmol/l in the MC4R mutation and control group respec-
tively [46]. Regarding the role of liraglutide in the treatment of
monogenic obese individuals with MC4R mutation, it seems
that liraglutide will be an appropriate treatment in the most
common form of monogenic obesity [46].

Polycystic ovary syndrome (PCOS)

Obesity is one of the most problematic issues in PCOS wom-
en, as they show an increased prevalence of obesity compared
with normal women [47].

Obese women affecting an estimated reproductive results
irrespective of the mode of conception, and greater BMI as-
sociates with poorer fertility prognosis [48]. Adiposity affects
distinct PCOS phenotypes strongly too [49]. PCOS is also one
of the leading causes of infertility in women of reproductive
age, being the most common endocrine disorder.

Most of the clinical studies on GLP-1 RAs in obese/
overweight PCOS women are related to to the use of
liraglutide in patients previously treated with metformin. In a
recent review the emerging role of GLP-1 receptor agonists
for obese womenwith PCOS have been shown the weight loss
effect of GLP-1 RA as a great treatment available choice for
PCOS patients [50].

In a recent meta-analysis, 23 randomized clinical trials
reporting on 941 overweight and obese women with PCOS
were included and the effectiveness of metformin, inositol,
liraglutide and orlistat in reducing body weight were com-
pared. In descending order, the amount of weight loss differed
among different class of drugs. Liraglutide 1.2 mg to 3.0 mg
lead to 5.2 kg weight loss, followed by 3.2 kg in orlistat,
3.0 kg in liraglutide 1.2 mg plus metformin and 1.34 kg in
metformin alone. After 12–36 weeks of treatment with
liraglutide waist circumference was also decreased 5.7 cm as
compared to other medication [47].

A recent meta-analysis of 8 ranomized trials the efficacy of
GLP-1 RAs versus metformin in women with PCOS have
been investigated and it is indicated that GLP-1 RA was su-
perior to metformin in reducing BMI and improving insulin
sensitivity [51].

Pharmacogenomics

Pharmacogenomics is the study of genetic variations, single
nucleotide polymorphisms (SNPs) of the drug-metabolizing
enzyme, receptors, drug transporters, and drug targets genes,
and how these SNPs interact to produce a drug-related pheno-
type, such as drug response or undesired effects.
Pharmacogenomics and pharmacogenetics are often used in-
terchangeably. In pharmacogenetic, the association study of a
single genetic variant in a single gene to be investigated with
drug response [52]. Defect in insulin secretion in pancreaticβ-
cells and decreased insulin sensitivity are two mechanisms in
T2DM pathogenesis. More than 150 genetic T2DM variants
have been introduced and most of them were related to defect
in insulin synthesis, processing or secretion [53]. GLP-1R,
gastric inhibitory polypeptide receptor (GIPR), transcription
factor 7 like 2 (TCF7L2), melatonin receptor 1B (MTNR1B),
chymotrypsinogen B1/2 (CTRB1/2), and potassium voltage-
gated channel subfamily Q member 1 (KCNQ1) variants
seems to be involved in the physiology of incretin secretion
[54]. A heterozygous GLP-1R missense (rs6923761; A/G)
polymorphism shows potential implication in weight loss
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and metabolic control and association of this SNP and weight
loss after treatment with liraglutide have been investigated.
Overweight diabetic subjects with the variant allele (A) of
rs6923761 GLP-1R polymorphism had a greater decrease in
weight and fat mass after treatment with liraglutide [55].

The endocannabinoid system is another proposed pathway
to be involved in the control of food intake and body weight.
Cannabinoid type 1 receptor (CNR1) gene is expressed in
several brain areas and in a variety of peripheral tissues in-
cluding adipose tissue. Association of polymorphism
(1359 G/A) of the CNR1 gene investigated metabolic changes
and weight loss secondary to treatment with liraglutide.
Association of the rs1049353 polymorphism A allele with
an improvement of insulin resistance secondary to weight loss
after liraglutide treatment in obese patients with diabetes has
been confirmed [56].

Although major progress has been made in T2DM phar-
macogenetics, this field is still needed more trials and research
in performing comprehensive assessments of genetic varia-
tions in association with drug-phenotype across different eth-
nicities, sufficiently large sample size, which can be achieved
only in the setting of international collaborations. This infor-
mation has valuable influence in the future of drug
development.

Conclusion

In summary, the GLP-1 RAs of an effective class of
antihyperglycemic agents that improve the actions of naturally
occurring peptide GLP-1. At the present time, GLP-1 RAs are
not considered as the first-line therapy for T2DM according to
the most diabetes clinical guidelines. However, they are con-
sidered as second-line therapy in combination with oral anti-
diabetic drugs or insulin. Liraglutide is one of the well-known
examples of this class. Important randomized trial studies on
liraglutide have shown its great impact on glycemic control
and diabetes complications in T2DM and also its effect on
obesity.

Although, many questions remain to be answered re-
garding liraglutide impact in clinical practice including:
As most of the studies have been performed on individ-
uals who have either had a risk factor or a cardiovascular
disease. The main question is that in patients who do not
have proven cardiovascular disease, liraglutide still can
reduce cardiovascular risk? Another issue is whether
liraglutide can reduce cardiovascular events in low risk
individuals?

As the most problem in T2DM patients is chronic compli-
cation more effort is needed to answer that the long-term treat-
ment with liraglutide whether affects diabetes complications
such as retinopathy or neuropathy or not?

Overall, GLP-1 receptor agonists are efficient and innova-
tive agents in patients with type 2 diabetes and some other
medical problems.
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