
REVIEW

Weight Loss and Maintenance Related
to the Mechanism of Action of Glucagon-Like
Peptide1 Receptor Agonists

Jamy Ard . Angela Fitch . Sharon Fruh . Lawrence Herman

Received: February 4, 2021 / Accepted: March 12, 2021 / Published online: May 11, 2021
� The Author(s) 2021

ABSTRACT

Obesity is a chronic disease associated with
many complications. Weight loss of 5–15% can
improve many obesity-related complications.
Despite the benefits of weight reduction, there
are many challenges in losing weight and
maintaining long-term weight loss.

Pharmacotherapy can help people with obesity
achieve and maintain their target weight loss,
thereby reducing the risk of obesity-related
complications. The prevalence of obesity in the
USA has been increasing over the past few dec-
ades, and despite the availability of approved
anti-obesity medications (AOMs), people with
obesity may not be accessing or receiving
treatment at levels consistent with the disease
prevalence. Reasons for low levels of initiation
and long-term use of AOMs may include reluc-
tance of public health and medical organiza-
tions to recognize obesity as a disease, lack of
reimbursement, provider inexperience, and
misperceptions about the efficacy and safety of
available treatments. This article aims to inform
primary care providers about the mechanism of
action of one class of AOMs, glucagon-like
peptide 1 receptor agonists (GLP-1RAs), in
weight loss and longer-term maintenance of
weight loss, and the efficacy and safety of this
treatment class. GLP-1RA therapy was initially
developed to treat type 2 diabetes. Owing to
their effectiveness in reducing body weight,
once-daily subcutaneous administration of
liraglutide 3.0 mg has been approved, and once-
weekly subcutaneous administration of
semaglutide 2.4 mg is being investigated in
phase III trials, for obesity management. Con-
siderations regarding adverse effects and con-
traindications for different drug classes are
provided to help guide treatment decision-
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making when considering pharmacotherapy for
weight management in patients with obesity.

PLAIN LANGUAGE SUMMARY

Obesity is a growing public health issue that
increases the risk of developing heart disease,
type 2 diabetes, and osteoarthritis. Weight loss
can reduce the risk of developing these health
problems but, despite this, levels of obesity
remain high. Achieving and maintaining
weight loss is challenging for many individuals.
There is therefore a need for some patients to
take medications to help them lose weight and
prevent weight regain. Glucagon-like peptide 1
receptor agonists (GLP-1RAs) are a type of
medication originally developed to treat type 2
diabetes, but are now being used for the treat-
ment of obesity because they are effective at
helping people to lose weight. One GLP-1RA,
liraglutide, has been approved to treat obesity,
and another, semaglutide, is in clinical trials.
GLP-1RAs work by reducing the appetite and
feelings of hunger, slowing the release of food
from the stomach, and increasing feelings of
fullness after eating. Most people can tolerate
GLP-1RAs well. The most common side effects
(nausea, vomiting, and diarrhea) are usually
mild and occur in the first few weeks of treat-
ment, reducing over time. Because of the diffi-
culties many people face in maintaining weight
loss, lifelong treatment may be needed. In
clinical trials, GLP-1RAs were well tolerated and
effective at helping people prevent weight
regain, and may be a good option for long-term
weight control and lowering patients’ chances
of serious health problems.

Keywords: Glucagon-like peptide 1 receptor
agonist; Obesity; Pharmacotherapy;
Antiobesity medication; Weight loss

Key Points

Many people with obesity have various
health complications, but in spite of the
benefits of weight loss, losing and
maintaining weight is challenging.

Anti-obesity medication can help people
with obesity achieve target weight loss
and help to reduce the risk of regaining
weight, thereby improving obesity-related
health complications.

Glucagon-like peptide 1 receptor agonist
therapy provides an effective and well-
tolerated treatment option to help people
with obesity achieve and maintain weight
targets.

DIGITAL FEATURES

This article is published with digital features,
including a plain language summary, and video
animation, to facilitate understanding of the
article. To view digital features for this article go
to https://doi.org/10.6084/m9.figshare.
14192567.

INTRODUCTION

Obesity (defined as a body mass index
[BMI] C 30 kg/m2 in adults [1]) is a major
health concern in the USA [2] and is associated
with multiple complications, including cardio-
vascular disease, type 2 diabetes, and
osteoarthritis [3–8]. Weight loss of 5–15% is
recommended to improve many of the com-
plications of overweight/obesity, with greater
improvements observed with further weight
reductions [5, 9]. Even a modest weight loss of
5% has been shown to improve cardiometabolic
risk factors, including reduced systolic blood
pressure and plasma triglyceride concentration,
and increased multi-organ insulin sensitivity
and b-cell function [6]. Despite evidence that
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weight loss improves obesity-related complica-
tions, the age-adjusted prevalence of obesity in
US adults in 2017–2018 was 42.4% [2], indicat-
ing an unmet need in the management of
obesity.

Challenges for Achieving and Maintaining
Weight Loss, and Pharmacotherapeutic
Options for Obesity

Obesity is a chronic disease associated with high
rates of relapse after achieving initial weight
loss [10, 11]. As such, people with overweight or
obesity may face many challenges losing weight
and maintaining weight loss. These challenges
can involve internal factors such as hormonal
influence on the homeostatic regulation of
body weight [11]. In addition, energy expendi-
ture is decreased following diet-induced weight
loss, with the implication that reduced food
intake would need to be maintained in the
long-term [12]. Other challenges include exter-
nal factors due to an increasingly obesogenic
environment. Such an environment encom-
passes the interrelated issues of exposure to
high-density, highly caloric foods, the relatively
low cost of these foods, and physical environ-
ments that limit the scope of physical activity
[13]. Indeed, alterations in the levels of weight-
regulating hormones along with the obesogenic
environment explain why many individuals
find maintaining a lower weight as challenging
as the initial weight loss.

Given the risk that obesity represents to
public health and the difficulty of achieving and
maintaining weight loss via lifestyle changes
alone, there is a need for pharmacological
approaches to aid weight loss in some individ-
uals. There are several anti-obesity medications
(AOMs) currently available in the USA as an
adjunct to lifestyle modification, each with dif-
fering mechanisms of action (Table 1). However,
despite their availability, adoption of medica-
tions for the management of obesity remains
low [14, 15]. Barriers to initiating treatment may
include delayed recognition of obesity as a dis-
ease by public health and medical organizations,
provider biases regarding patients with obesity,
lack of reimbursement leading to out-of-pocket

costs to patients, inadequate training of provi-
ders, historical safety issues with AOMs, and
perceptions of patients and their caregivers
regarding the efficacy of AOMs [14–17]. In the
ACTION study, 3008 individuals with obesity
and 606 healthcare providers were questioned
on their obesity-related perceptions, attitudes,
and behaviors. Only 27% of patients and 30% of
healthcare providers believed prescription
AOMs to be completely effective for weight
management, and most survey respondents
found other interventions to be more effective
than AOMs [16]. Nearly all other interventions
listed (including improved eating habits, exer-
cise tracking, counseling or lifestyle modifica-
tion, and visiting a dietitian) were perceived to
be more effective than AOMs [16], indicating a
lack of knowledge about the potential benefits of
pharmacotherapy.

Development of Glucagon-Like Peptide 1
Receptor Agonists for the Management
of Obesity

Glucagon-like peptide 1 receptor agonists (GLP-
1RAs), including liraglutide and semaglutide,
were initially developed for the treatment of
type 2 diabetes but were found to be effective
not only in reducing blood glucose levels but
body weight as well [18–20]. Consequently,
once-daily subcutaneous administration of
liraglutide 3.0 mg was developed for the treat-
ment of obesity [21] and once-weekly subcuta-
neous administration of semaglutide 2.4 mg is
currently being investigated in phase III trials
for this indication [22]. In contrast to other
AOMs, which either suppress appetite or inhibit
fat absorption [23], GLP-1RAs reduce body
weight in a number of ways, decreasing appetite
and hunger, and increasing satiety, resulting in
reduced energy intake [24–26]. The purpose of
this review is to further elucidate the mecha-
nism of action of GLP-1RAs in helping individ-
uals with overweight or obesity to achieve and
maintain weight loss.

We searched PubMed and Embase databases
using the terms glucagon-like peptide receptor
agonists; obesity; anti-obesity; weight; over-
weight; bodyweight; overweight; anti-obesity
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Table 1 Mechanism of action and efficacy of anti-obesity medications currently available in the USA
[10, 21, 23, 37, 39, 43, 46, 47, 57, 62–65, 69–78]

Anti-obesity
medication

Type of agent/
mechanism of
action [23]

Trial information Percentage of patients achieving
categorial weight loss at 1 year

‡ 5%
(or > 5%)

‡ 10%
(or > 10%)

Percentage of patients
achieving weight loss
maintenance at 2 years

Liraglutide � GLP-1RA

� Reduces appetite
and food cravings
[21]

� Increases satiety

� Alters food
preference and
reward pathways
[21]

Astrup et al., 2009; Astrup et al., 2012:
placebo-controlled, randomized, 20-week
trial for liraglutide (1.2, 1.8, 2.4, and 3.0 mg

QD) with open-label comparator (orlistat
120 mg TID) ? 84-week extension in
patients with BMI 30–40 kg/m2

Patients were on a 500-kcal/day energy-
deficient diet and increased their physical

activity

(Liraglutide
3.0 mg; orlistat;
placebo)

73%; 44%; 28%

(liraglutide vs.
placebo or
orlistat,

p B 0.0001)

(Liraglutide
3.0 mg;
orlistat;

placebo)

37%; 14%;

10%

(Liraglutide 2.4/3.0 mg
vs. orlistat)

‡ 5% weight loss:
52% vs. 29%
(p\ 0.001)

‡ 10% weight loss:
26% vs. 16%

(p = 0.04)

Pi-Sunyer et al., 2015: placebo-controlled,
double-blind, randomized, 56-week trial of

liraglutide 3.0 mg QD in patients with
BMI C 30 kg/m2 (or C 27 kg/m2 with
dyslipidemia or hypertension)

Patients received counseling on lifestyle
modification

(Liraglutide
3.0 mg;

placebo)

63%; 27%

(p\ 0.001)

(Liraglutide
3.0 mg;

placebo)

33%; 11%

(p\ 0.001)

NR

Davies et al., 2015: placebo-controlled,
randomized, double-blind, parallel-group
56-week trial of liraglutide 1.8 and 3.0 mg

QD in patients with BMI C 27 kg/m2

with diabetes taking 0–3 OADs

Patients were on a 500-kcal/day energy-
deficient diet and increased their physical
activity

(Liraglutide
3.0 mg;
placebo)

54%; 21%
(p\ 0.001)

(Liraglutide
3.0 mg;
placebo)

25%; 7%
(p\ 0.001)

NR

Wadden et al., 2013: placebo-controlled,
double-blind, randomized, 56-week trial of
liraglutide 3.0 mg QD in patients with

BMI C 30 (or C 27 with comorbidity) kg/
m2 after low-calorie-diet-induced weight
loss

Patients received diet and exercise counseling

(Liraglutide
3.0 mg;
placebo)a

51%; 22%
(p\ 0.0001)

(Liraglutide
3.0 mg;
placebo)a

26%; 6%
(p\ 0.0001)

NR

Wadden et al., 2020b: placebo-controlled,
double-blind, randomized, 56-week trial of
liraglutide 3.0 mg QD plus IBT in patients

with BMI C 30 kg/m2

(Liraglutide
3.0 mg;
placebo)

62%; 34%
(p = 0.0003)

(Liraglutide
3.0 mg;
placebo)

31%; 20%
(p = 0.0469)

NR

Garvey et al., 2020: placebo-controlled,
double-blind, randomized, 56-week trial of
liraglutide 3.0 mg QD plus IBT in patients

with BMI of C 27 kg/m2 and diabetes
treated with basal insulin and B 2 OADs

(Liraglutide
3.0 mg;
placebo)

52%; 24.0%
(p\ 0.0001)

(Liraglutide
3.0 mg;
placebo)

23%; 7%
(p\ 0.0001)

NR
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Table 1 continued

Anti-obesity
medication

Type of agent/
mechanism of
action [23]

Trial information Percentage of patients achieving
categorial weight loss at 1 year

‡ 5%(or > 5%) ‡ 10%(or
> 10%)

Percentage of patients
achieving weight loss
maintenance at 2 years

Naltrexone-
bupropion

� Naltrexone: opioid
antagonist

� Bupropion:
aminoketone
antidepressant [62]

� Suppresses appetite

Greenway et al., 2010: placebo-controlled,
double-blind, randomized, 56-week trial of
naltrexone-bupropion (NB16 and NB32b)
BID in patients with BMI C 30 (or C 27

with comorbidity) to 45 kg/m2

Patients were on a mild hypocaloric diet and

exercise

(NB16; NB32;
placebo)

39%; 48%; 16%

(NB16/NB32
vs. placebo, both
p\ 0.0001)

(NB16; NB32;
placebo)

20%; 25%; 7%

(NB16/
NB32 vs.
placebo,

both
p\ 0.0001)

NR

Apovian et al., 2013: placebo-controlled,
double-blind, randomized, 56-week trial of
naltrexone-bupropion (NB32) BID in
patients with BMI C 30 (or C 27 with

controlled hypertension and/or
dyslipidemia) to 45 kg/m2

Patients were on a 500-kcal/day energy-
deficient diet, increased physical activity, and
behavioral modification advice

(NB32; placebo)

51%; 17%
(p\ 0.001)

(NB32;
placebo)

28%; 6%

(p\ 0.001)

NR

Wadden et al., 2011: placebo-controlled,
double-blind, randomized, 56-week trial of

naltrexone-bupropion (NB32) QD and
BMOD in patients with BMI C 30 (or
C 27 with controlled hypertension and/or
dyslipidemia) to 45 kg/m2

(NB32; placebo)

66%; 43%
(p\ 0.001)

(NB32;
placebo)

42%; 20%
(p\ 0.001)

NR

Hollander et al., 2013: placebo-controlled,
double-blind, randomized, 56-week trial of

naltrexone-bupropion (NB32) QD in
patients with BMI C 27 and B 45 kg/m2

and type 2 diabetes treated with or without

OADs

Patients were on a 500-kcal/day energy-
deficient diet, dietary counseling and advice

on behavioral modification, including
instructions to increase physical activity

(NB32; placebo)

45%; 19%
(p\ 0.001)

(NB32;
placebo)

19%; 6%
(p\ 0.001)

NR
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Table 1 continued

Anti-obesity
medication

Type of agent/
mechanism of
action [23]

Trial information Percentage of patients achieving
categorial weight loss at 1 year

‡ 5%(or > 5%) ‡ 10%(or
> 10%)

Percentage of patients
achieving weight loss
maintenance at 2 years

Orlistat � Reversible inhibitor
of gastrointestinal

lipases [65]

� Inhibits fat
absorption

Hauptman et al., 2000: placebo-controlled,
double-blind, randomized, 2-year trial of

orlistat (60 and 120 mg TID) in patients
with BMI 30–44 kg/m2

Patients were on an energy-deficient diet

(Orlistat 60 mg;
orlistat 120 mg;

placebo)

49%; 51%; 31%

(Orlistat 60 mg/
120 mg vs.
placebo, both

p\ 0.001)

(Orlistat
60 mg;

orlistat
120 mg;
placebo)

24%; 29%;
11%

(Orlistat
60 mg/
120 mg vs.

placebo,
both
p\ 0.001)

(Orlistat 60 mg; orlistat
120 mg; placebo)

‡ 5% weight loss:
34%; 34%; 24%

(Orlistat 60 mg vs.
placebo: p = 0.03;
orlistat 120 mg vs.

placebo: p = 0.02)

‡ 10% weight loss:
15%; 19%; 7%

(Orlistat 60 mg vs.

placebo: p = 0.008;
orlistat 120 mg vs.
placebo: p = 0.001)

Rössner et al., 2000: placebo-controlled,
double-blind, randomized, 2-year trial of
orlistat (60 and 120 mg) TID in patients

with BMI 28–43 kg/m2

Patients were on a 600-kcal/day energy-

deficient diet

NR (Orlistat
60 mg;
orlistat

120 mg;
placebo)

31%; 38%;
19%

(Orlistat

60 mg vs.
placebo:
p = 0.002;

orlistat
120 mg vs.
placebo:

p = 0.001)

(Orlistat 60 mg; orlistat
120 mg; placebo)

> 10% weight loss:
29%; 28%; 19%

(Orlistat 60 mg/
120 mg vs. placebo:
both p\ 0.05)

Phentermine � Phentermine:

sympathomimetic
amine anorectic
[63]

� Suppresses appetite

Kang et al., 2010: placebo-controlled, double-

blind, randomized, 12-week trial of
phentermine 30 mg QD in patients with
obesity and controlled diabetes,
hypertension, and dyslipidemia

(Phentermine;

placebo)

96%; 21%
(p\ 0.001)

(Phentermine;

placebo)

63%; 5%
(p\ 0.001)

NR
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agents; appetite; food intake regulation; caloric;
satiety; gastric emptying; energy intake; crav-
ing; cravings; eating control; safety; tolerability;
tolerated; adverse; hypoglycemia; nausea; diar-
rhea; vomiting; gastrointestinal; long-term;
durable; maintain*; sustain*. Records were lim-
ited to those in English language (N = 247).
Records were excluded during screening if they
were press releases, news reports, not relevant

drug/indication/population, preclinical study,
reviews, case reports, not a randomized trial, or
not in humans. Searches last updated Novem-
ber 26, 2020 (N = 16). Supplementary searches
were performed to identify overview of
approved AOMs and background information.
American Association of Clinical Endocrinolo-
gists and American College of Endocrinology,

Table 1 continued

Anti-obesity
medication

Type of agent/
mechanism of
action [23]

Trial information Percentage of patients achieving
categorial weight loss at 1 year

‡ 5%(or > 5%) ‡ 10%(or
> 10%)

Percentage of patients
achieving weight loss
maintenance at 2 years

Phentermine-
topiramate

� Phentermine:
sympathomimetic

amine anorectic
[64]

� Topiramate: anti-
epileptic drug

� Suppresses appetite

Allison et al., 2012: placebo-controlled,
randomized, 56-week trial of PT (3.75/

23 mg or 15/92 mg) QD added to a
reduced-energy diet in patients with
BMI C 35 kg/m2

Patients were advised to follow a 500-kcal/day
energy-deficient diet and received
standardized diet and lifestyle-modification

counseling

(PT 3.75/23 mg;
PT 15/92 mg;

placebo)

45%; 67%; 17%

(PT 3.75/23 mg/
15/92 mg vs.
placebo, both

p\ 0.0001)

(PT 3.75/
23 mg; PT

15/92 mg;
placebo)

19%; 47%; 3%

(PT 3.75/
23 mg/15/

92 mg vs.
placebo,
both

p\ 0.0001)

NR

Gadde et al., 2011; Garvey et al., 2012:

placebo-controlled, double-blind,
randomized, 108-week trial of PT (7.5/
46 mg or 15/92 mg) QD in patients with

BMI 27–45 kg/m2 and cardiometabolic
disease

Patients received standardized diet and

lifestyle-modification counseling

(PT 7.5/46 mg;

PT 15/92 mg;
placebo)

62%; 70%; 21%

(PT 5/46 mg/15/
92 mg vs.

placebo, both
p\ 0.0001)

(PT 7.5/

46 mg; PT
15/92 mg;
placebo)

37%; 48%; 7%

(PT 5/46 mg/

15/92 mg vs.
placebo,
both

p\ 0.0001)

(PT 7.5/46 mg; PT

15/92 mg; placebo)

‡ 5% weight loss:
75%; 79%; 30%

‡ 10% weight loss:
50%; 54%; 12%

(PT 7.5/46 mg/15/
92 mg vs. placeb, both

p\ 0.0001)

Percentages are rounded up to one decimal place
BID two times a day, BMI body mass index, BMOD intensive behavior modification, GLP-1RA glucagon-like peptide 1 receptor agonist, IBT intensive
behavioral therapy, NR not reported, OAD oral antihyperglycemic drug, PT phentermine-topiramate, QD once-daily, TID three times per day
a Based on patients achieving C 5% weight loss during the run-in period
b NB16: sustained-release naltrexone 16 mg per day plus sustained-release bupropion 360 mg per day combined in fixed-dose tablets; NB32: sustained-
release naltrexone 32 mg per day plus sustained-release bupropion 360 mg per day combined in fixed-dose tablets
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and European guidelines for obesity were hand
searched for relevant data.

This article is based on previously conducted
studies and does not contain any new studies
with human participants or animals performed
by any of the authors.

EFFECTS OF GLP-1RAS
ON APPETITE, SATIETY
AND HUNGER, AND GASTRIC
EMPTYING

GLP-1RAs are attractive agents for the manage-
ment of obesity owing to the actions of GLP-1
on appetite and energy intake.

GLP-1 is released from the L cells in the gut
in response to energy intake, and facilitates a
multitude of physiological actions, including a
delay in gastric emptying [27]. In pharmacology
trials, GLP-1RA treatment has been shown to
delay gastric emptying within the first post-
prandial hour [25, 28], although overall gastric
emptying did not appear to be affected [28],
suggesting additional mechanisms of action in
GLP-1RA-mediated weight loss.

In the central nervous system, GLP-1 recep-
tors are located in the hypothalamus, which is
involved in regulating food intake [24, 29, 30].
Coveleski et al. found that acute administration
of the GLP-1RA exenatide resulted in reduced
feelings of hunger in eight women with obesity.
The reduced feelings of hunger were associated
with an increase in functional connectivity of
the nucleus tract solitaries with the hypothala-
mus and thalamus [31]. In addition, murine
models show that liraglutide can access specific
brain areas relevant for appetite regulation,
binding GLP-1 receptors on proopiome-
lanocortin and cocaine- and amphetamine-reg-
ulated transcript (POMC/CART)-expressing
arcuate nucleus neurons [32]. GLP-1 directly
stimulates POMC/CART neurons and indirectly
inhibits neuropeptide Y (NPY) and agouti-re-
lated peptide (AgRP) to increase measures of
satiety and decrease hunger [32]. These effects
of GLP-1 can lead to reduced energy intake [27],
thereby facilitating weight loss (Fig. 1).

Studies investigating the mechanism of
action of GLP-1RA therapy for causing weight
loss provide evidence that GLP-1RA treatment is
associated with reductions in appetite and
hunger, lower preference for energy-dense
foods, alteration in food reward pathways,
decrease in food cravings, and improvement in
eating control (Table 2) [25, 26, 33, 34].

Clinical Trials Demonstrating Reductions
in Body Weight with GLP-1RAs

Several clinical trials have reported that the
effects described above resulted in larger
reductions in body weight with GLP-1RA ther-
apy compared with placebo in participants with
obesity. After 5 weeks of treatment with once-
daily subcutaneous administration of liraglutide
1.8 mg and 3.0 mg, estimated reductions in
body weight were - 2.1 kg and - 2.5 kg,
respectively, vs. - 0.3 kg with placebo [25]. In
another liraglutide trial, 16-week median (in-
terquartile range) body weight reductions were
- 5.8 kg (- 6.9, - 4.45) with liraglutide 3.0 mg
and - 1 kg (- 3.5, 2.53) with placebo
(p\ 0.003) [35]. For once-weekly subcutaneous
administration of semaglutide 1.0 mg, change
from baseline in mean body weight after
12 weeks was - 5.0 kg vs. ? 1.0 kg with placebo
[26]. A recent 20-week, phase II trial investi-
gated the effects of subcutaneous administra-
tion of semaglutide 2.4 mg on gastric emptying,
appetite, and energy intake in patients with
obesity. There was no significant difference
between semaglutide and placebo in gastric
emptying when corrected for week-20 body
weight. However, patients receiving semaglu-
tide 2.4 mg experienced reduced hunger, and
increased fullness and satiety compared with
placebo (p\0.02). Ad libitum mean energy
intake was also reduced by 35% for semaglutide
2.4 mg vs. placebo (1736 vs. 2676 kJ; estimated
treatment difference [ETD], - 940 kJ;
p\0.0001). Patients receiving semaglutide
2.4 mg in this trial lost 9.9% of their body
weight, compared with 0.4% in those receiving
placebo [33]. In a phase II study of the long-
acting GLP-1RA efpeglenatide (4 mg once
weekly, 6 mg once weekly, 6 mg once every

2828 Adv Ther (2021) 38:2821–2839



2 weeks, and 8 mg once every 2 weeks), patients
with obesity and without diabetes had statisti-
cally significant reductions in body weight
compared with placebo after 20 weeks of treat-
ment (differences in least squares means were
- 6.3 to – 7.2 kg; p\0.0001) [36].

Longer-term data with GLP-1RAs include
results from a phase III, 56-week study of
liraglutide 3.0 mg vs. placebo in patients with
obesity and without diabetes. After 56 weeks of
treatment with liraglutide 3.0 mg vs. placebo,
patients had mean body weight reductions of
- 8.4 kg vs. - 2.8 kg (ETD - 5.6 kg; 95% confi-
dence interval [CI] - 6.0 to - 5.1; p\ 0.001)
[37]. In a recently published landmark phase III

study in patients with overweight or obesity
(STEP 1), greater reductions in body weight were
observed after 68 weeks of treatment with once-
weekly semaglutide 2.4 mg vs. placebo (mean
change from baseline - 14.9% vs. - 2.4%; ETD
- 12.4%; 95 CI - 13.4 to - 11.5; p\ 0.001)
[38]. Similarly, in a 68-week phase III study
comparing the effects of semaglutide 2.4 mg vs.
placebo in adults with overweight or obesity
without diabetes (STEP 3), mean body weight
decreased 16.0% with semaglutide compared
with 5.7% with placebo, both as adjunct to
intensive behavioral therapy (ETD - 10.3%;
95% CI - 12.0 to - 8.6; p\0.0001) [39].
Ongoing studies in the STEP program will

Fig. 1 Overview of the actions of GLP-1 in the central
nervous system [27, 29, 32, 41]. AgRP agouti-related
peptide, CART cocaine- and amphetamine-regulated

transcript, GLP-1RA glucagon-like peptide 1 receptor
agonist, NPY neuropeptide Y, POMC
proopiomelanocortin
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provide further insights into the effects of once-
weekly semaglutide 2.4 mg in a broader popu-
lation [22].

In addition to the above findings, several
studies have shown that GLP-1RA therapy
results in larger proportions of patients achiev-
ing 5% and 10% body weight loss than with
placebo (Table 1).

Safety and Tolerability of GLP-1RAs
for the Treatment of Obesity

Since GLP-1RA therapy is used for the treatment
of type 2 diabetes, there may be concerns about
whether using an antidiabetic medication to
treat obesity will increase the risk of hypo-
glycemia in people with obesity but without
diabetes. However, the action of GLP-1 is glu-
cose-dependent and blood glucose is only low-
ered by GLP-1 if concentrations are above
fasting levels [40, 41]. This effect translates to a
low risk of hypoglycemia in patients with type 2
diabetes treated with GLP-1RAs [42]. In indi-
viduals without diabetes, the potential for
hypoglycemia with GLP-1RA treatment would
therefore also be expected to be low. Indeed,
Garvey et al. found that hypoglycemia was less
common with liraglutide 3.0 mg than with
placebo in individuals with overweight or obe-
sity and insulin-treated type 2 diabetes [43]. Pi-
Sunyer et al. also reported a low risk of hypo-
glycemia, with events occurring in similar pro-
portions of patients with obesity but without
diabetes who were treated with liraglutide
3.0 mg (1.3%) compared with placebo (1.0%)
[37]. In a similar patient population of adults
with obesity who did not have diabetes, no
severe or blood glucose-confirmed symptomatic
hypoglycemic events were reported with
semaglutide 1.0 mg [26].

In studies of GLP-1RA therapy in individuals
with type 2 diabetes, the most frequently
reported adverse events tend to involve the
gastrointestinal system, with nausea, vomiting,
and diarrhea occurring in up to 51%, 19%, and
20% of patients, respectively [44]; however, in
clinical trials for once-daily subcutaneous
administration of liraglutide 3.0 mg in patients
with obesity only, or with obesity and diabetes,

these effects tended to be mild-to-moderate and
transient. Nausea, vomiting, and diarrhea were
typically the most common gastrointestinal
adverse events, occurring in up to 48.4%,
23.2%, and 23.1% of participants, respectively,
with events occurring predominantly during
dose escalation and decreasing over time
[10, 37, 43, 45–47]. Since gastrointestinal
adverse effects are rarely severe and tend to
diminish over time, they would therefore not be
expected to cause a barrier to initiating and
continuing treatment for most patients. Indeed,
GLP-1RA therapy appears to be well tolerated
overall, and proportions of clinical trial partici-
pants discontinuing treatment because of
adverse events tend to be low (5.4–9.9%)
[10, 37, 39, 43, 46, 47].

Management Strategies
for Gastrointestinal Adverse Events
with GLP-1RA Therapy

There are various strategies that can be
employed to help manage or mitigate potential
gastrointestinal adverse events when initiating
a GLP-1RA for the treatment of overweight or
obesity. A gradual dose-escalation is recom-
mended for liraglutide 3.0 mg, starting with the
initial dose of 0.6 mg per day for 1 week, then
increasing the dose in weekly increments until
the maximum therapeutic dose of 3.0 mg is
reached [21]. If the patient experiences gas-
trointestinal adverse effects during dose escala-
tion, uptitration can be delayed for an
additional week [21]. This has been demon-
strated by Gough et al. [48], who reported
smaller proportions of patients experiencing
gastrointestinal adverse events with a combi-
nation of insulin degludec and liraglutide
(IDegLira) vs. liraglutide alone, attributing the
findings to a more gradual dose escalation with
IDegLira [48]. In the authors’ anecdotal experi-
ence, when further uptitration is not tolerated,
but treatment effects are noted, maintaining
the patient at the lower tolerated dose may be
preferable to discontinuation. This strategy was
used for the STEP 1 trial of semaglutide 2.4 mg
[38].
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Other strategies include providing counsel-
ing regarding the potential gastrointestinal
adverse events that could arise, such as nausea,
vomiting, and diarrhea. Patients should be
informed of dietary modifications that could
help reduce symptoms such as smaller portion
sizes and avoiding fatty foods [49].

ASSOCIATIONS BETWEEN WEIGHT
LOSS AND GASTROINTESTINAL
ADVERSE EVENTS ON GLP-1RA
THERAPY

While gastrointestinal adverse events that occur
with GLP-1RAs are mainly mild-to-moderate
and transient, occurring particularly during
dose escalation, there may be concerns that
GLP-1RA-mediated weight loss could be due to
these effects. Data collected from a randomized,
placebo-controlled, double-blind trial of
liraglutide 3.0 mg, in which nausea was the
most frequent adverse event, showed that
greater weight loss was associated with transient
nausea and vomiting in participants with obe-
sity but without diabetes [50]. In a phase II
study, gastrointestinal side effects were most
common during semaglutide dose escalation
but weight loss persisted beyond these events
and continued through the 52-week trial period
[51]. The fact that patients in this trial contin-
ued to lose weight after gastrointestinal adverse
effects had subsided suggests that these effects
were not the cause of weight loss. A retrospec-
tive analysis of the DURATION trials found that
overall, greater weight loss was associated with
gastrointestinal adverse events with exenatide
once weekly and exenatide twice daily. Con-
versely, the same analysis found no difference
in weight loss for exenatide once weekly or
liraglutide between patients experiencing gas-
trointestinal adverse events and those with
none in DURATION-6 [52]. Furthermore, a
study of patients with type 2 diabetes who were
treated with once-weekly exenatide found sig-
nificant reductions in weight regardless of
whether patients experienced nausea or vomit-
ing [53]. However, patients with type 2 diabetes
were included in these trials [52, 53], which

could have contributed to the observed
differences.

GLP-1RA-MEDIATED WEIGHT LOSS
MAINTENANCE

Obesity is a chronic condition, characterized by
changes in weight-regulating hormones that
drive weight regain following weight loss [11],
therefore it is no surprise that maintaining
weight loss can prove just as challenging as
losing weight in the first place. Compensatory
changes in the levels of weight-regulating hor-
mones such as leptin, ghrelin, peptide YY, and
gastric inhibitory peptide can counteract diet-
induced weight loss, highlighting the difficulty
in maintaining weight loss through diet alone
[11]. Furthermore, when treated with an AOM,
patients with obesity have experienced weight
regain upon cessation of the AOM [10, 54]. This
suggests that, to maintain weight loss, treat-
ment for obesity should be considered chronic
(as in the case of hypertension), rather than as a
short course of treatment associated with acute
illnesses [9, 55].

Treatment with an AOM often follows a
pattern of initial weight loss that tends to level
out, or ‘‘plateau’’, after a period of time on
treatment [54, 56, 57]. Metabolic adaptation is
most likely the reason for this plateau [11]
rather than poor response or resistance to the
medication. Given this pattern in weight loss
following treatment with an AOM, anti-obesity
therapy should be conceptualized as initiating
weight loss followed by establishing a new
weight plateau and assisting in maintaining this
weight in the long term [9, 11].

One of the mechanisms thought to be
responsible for weight regain or plateau is a
reduction in circulating levels of leptin after
initial weight loss [11, 58]. Indeed, it has been
suggested that preservation of free leptin levels
is involved in GLP-1RA-mediated maintenance
of weight loss [58]. In a trial in which patients
with obesity were treated with or without
liraglutide 1.2 mg after diet-induced body
weight loss of 12%, smaller decreases in free
leptin and higher levels of PYY3-36 were
observed with liraglutide vs. without liraglutide
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[58]. In another trial, higher levels of PYY3-36

were also observed relative to baseline after
16 weeks of treatment with liraglutide 3.0 mg
[34]. In addition, clinical evidence has shown
that continued treatment with GLP-1RA ther-
apy is associated with maintenance of weight
loss [10, 47]. For example, after 2 years of
treatment with liraglutide 2.4/3.0 mg in
patients with obesity, 52% and 26% maintained
at least 5% and at least 10% weight loss,
respectively, compared with 29% and 16% of
patients receiving orlistat [47] (Table 1). Fur-
thermore, treatment with liraglutide 3.0 mg
resulted in greater proportions of patients
maintaining at least 5% weight loss over
56 weeks vs. placebo after an initial run-in per-
iod on a low-calorie diet (81.4% vs. 48.9%,
respectively) [10]. These data suggest a potential
for long-term benefit of liraglutide treatment in
many patients, as weight loss of 5–15% has been
shown to improve obesity-related complica-
tions including diabetes and cardiovascular
disease risk factors [5, 9, 59]. In a cardiovascular
outcomes trial of liraglutide 1.8 mg, weight loss
was sustained over a median trial period of
3.5 years in patients with type 2 diabetes who
had either cardiovascular disease or risk factors
for cardiovascular disease [60]. Since obesity is
associated with an increased risk of cardiovas-
cular disease, the ongoing SELECT study is
investigating whether once-weekly semaglutide
2.4 mg will reduce the risk of having cardio-
vascular events in patients with overweight or
obesity and with prior cardiovascular disease
[61].

PLACE OF GLP-1RAS
IN THE TREATMENT OF OBESITY

Currently, pharmacotherapy is recommended
as an adjunct to lifestyle modification for indi-
viduals with a BMI of at least 30 kg/m2, or at
least 27 kg/m2 with comorbidity [5, 9]. Achiev-
ing body weight loss of 5–15% can improve
cardiometabolic parameters including predia-
betes, dyslipidemia, and hypertension [5, 9];
therefore, target weight loss should be defined
on the basis of the individual patient’s presen-
tation. Adding an AOM to lifestyle modification

can help patients to achieve these weight-loss
targets, thereby reducing the risks of obesity-
related complications [5].

Treatment Decision-Making

Treatment decision-making can be guided by
the different mechanisms of action of AOMs to
ascertain the suitability of the therapy for the
individual patient. For instance, if patients
present with symptoms such as early hunger or
lack of satiety then a GLP-1RA may be appro-
priate compared with other available treatments
that work solely by suppressing appetite or
inhibiting fat absorption [23].

As well as taking into account the mecha-
nism of action of each drug class, there are
certain contraindications and adverse effects to
consider, which could determine the suitability
of the drug for individual patients. For example,
naltrexone-bupropion is not suitable for
patients with uncontrolled hypertension [62]
and phentermine is contraindicated in patients
with a history of cardiovascular disease [63].
Patients with cardiovascular risk factors may
therefore find a GLP-1RA more appropriate
owing to the improvements in cardiometabolic
parameters that have been observed with this
drug class [10, 37, 46, 47]. Naltrexone-bupro-
pion has a black box warning for suicidal
thoughts and behaviors and neuropsychiatric
reactions [62]. In addition, phentermine-topi-
ramate is contraindicated in those taking cer-
tain antidepressant drugs [64]. Therefore,
liraglutide could be an alternative option to
these drugs if the patient has ongoing mental
health problems, although it should be avoided
in patients with a history of suicidal attempts or
active suicidal ideation [21]. Importantly, orlis-
tat is contraindicated in patients with chronic
malabsorption syndrome and cholestasis [65],
conditions that require avoidance of fatty foods.
Since GLP-1RA therapy has been shown to
reduce preference for fatty foods [26], GLP-1RA
therapy might be preferred for patients who
would find it difficult to avoid fatty foods under
normal circumstances. If other health problems
such as prediabetes or polycystic ovary syn-
drome (PCOS) are present, GLP-1RA therapy
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might be preferred over other treatment
options. This is due to the reduced incidence of
prediabetes in patients with obesity [37, 46, 47]
and improved markers for ovarian function in
patients with obesity and PCOS [66], compared
with placebo.

Rapid weight loss has been associated with
gallbladder-related disorders including
cholelithiasis and cholecystitis [67, 68], and
these adverse events, while rare, have been
observed more with GLP-1RAs compared with
placebo in clinical trials [21, 38]. There have
been post-marketing reports of acute pancre-
atitis with liraglutide 3.0 mg; however, inci-
dence of this adverse event in clinical trials was
very low [21]. Although rare, healthcare provi-
ders should monitor their patients for symp-
toms of these adverse events, and treatment
should be discontinued if gallbladder- or pan-
creatic-related disorders are suspected [21].

Although GLP-1RAs are generally well toler-
ated, there are some circumstances in which
this drug class is not recommended. Liraglutide
has a black box warning for thyroid C cell
tumors [21], therefore this therapy is con-
traindicated for patients with a personal or
family history of medullary thyroid carcinoma
or multiple endocrine neoplasia syndrome
type 2.

Suboptimal Treatment Response
with AOMs

Once a treatment has been initiated, it is
important to consider what to do in the event
of a suboptimal treatment response. After
treatment initiation with liraglutide 3.0 mg, it is
recommended that, if a patient has not lost at
least 4% of their baseline body weight after
16 weeks, the treatment should be discontinued
because it is unlikely that significant weight loss
will be achieved with the medication after this
time point [21]. For other AOMs, it is suggested
to stop treatment if weight loss of more than 5%
has not been achieved after 12 weeks of treat-
ment [9]. If a suboptimal treatment response
occurs, another therapy could be selected taking
into consideration the patient’s presentation
and the drug profile of the available options.

SUMMARY

GLP-1RA-mediated weight loss is achieved
through multiple pathways including effects on
the central nervous system such as reduced
appetite, energy intake, and hunger, increased
feelings of satiety, and altered food preferences.
The risk of gastrointestinal adverse events is
increased with GLP-1RA therapy but these
effects tend to be mild-to-moderate and tran-
sient, and are not the reason for observed
weight loss. Overall, GLP-1RAs provide a highly
effective and well-tolerated treatment option to
help individuals with obesity achieve and
maintain body weight reductions of 5–10%,
thereby improving weight-related complica-
tions in addition to weight loss.
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