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Abstract
The prevalence of obesity and related comorbidities is increasing worldwide. Furthermore, clinically meaningful body 
weight losses has proven difficult to achieve and especially to maintain through sustained lifestyle change in the form of diet 
and exercise. Pharmacotherapy against obesity is a non-invasive treatment as an adjunct to lifestyle changes, but approved 
anti-obesity drugs are currently few. This article reviews the major anti-obesity drugs and the benefit-risk profiles of the 
long-acting glucagon-like peptide-1 receptor agonists (GLP-1 RAs) liraglutide and semaglutide (a modified version of lira-
glutide with longer half-life and tripled receptor affinity). Generally, GLP-1 RAs are well tolerated and induce significant 
weight loss and lowering of comorbidities. Studies with liraglutide 3.0 mg/day have shown an average placebo-subtracted 
weight loss of 5.5 kg (range 4.6–5.9) in 1- to 3-year duration trials. One trial using semaglutide 0.4 mg once daily reported 
an average weight loss of 11.6% (~ 13.1 kg) after 1 year. Furthermore, semaglutide induced a ~ 6 percentage point larger 
placebo-subtracted body weight loss in a head-to-head comparison with liraglutide (11.6 vs. 5.5% weight loss, respectively). 
The safety profiles for both drugs were similar, with transient gastrointestinal disorders being the most commonly reported 
adverse events. The longest running trial and the most recent trials have not raised any new safety concerns. Long-term 
trials and post-marketing surveillance is warranted to fully assess both long-term efficacy and safety. Future combinational 
therapies of mimicked gut hormones involved in regulation of energy homeostasis and/or additional lifestyle change in the 
form of exercise might further improve efficacy.

Key Points 

The glucagon-like peptide-1 receptor agonist liraglutide 
has been approved for the treatment of obesity, and stud-
ies demonstrate weight loss and a safety profile that is 
superior to those of other approved anti-obesity drugs.

Semaglutide, a modified version of liraglutide, shows 
promise, with greater weight loss and a similar safety 
profile.

1 Introduction

The number of individuals with obesity, defined as a body 
mass index (BMI) of > 30 kg/m2, has nearly tripled world-
wide since 1975, increasing to more than 650 million or 13% 
of the world’s adult population as of 2016 [1]. In Europe 
the prevalence of adult obesity is 23% and around 36% in 
the USA [2]. Comorbidities associated with obesity include 
type 2 diabetes mellitus (T2DM), cardiovascular disease, 
arthritis, gallbladder disease, acute pancreatitis, non-alco-
holic fatty liver disease and cancer [3, 4]. Obesity is also 
correlated with a decreased life expectancy, early mortality 
and increasing medical care costs [5, 6]. Studies have shown 
that a weight loss of > 5% significantly lowers comorbidities 
in patients with obesity [7–9]. The first line of treatment for 
obesity is lifestyle change in the form of diet and exercise; 
however, the success rate of maintaining a lifestyle-induced 
weight loss is < 10% [7, 8, 10]. To promote clinically mean-
ingful weight loss (> 5%), pharmacotherapy is recom-
mended as the second line of treatment and is indicated if 
BMI is ≥ 30 or ≥ 27 when related comorbidities to obesity 
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are present [7, 11, 12]. Despite the increasing demand for 
new and improved medical options [1, 5, 6], the number 
of anti-obesity drugs has been reduced due to withdrawals 
and unfavourable benefit–risk profiles [13]. Several of these 
withdrawals have been subject to differences across regional 
medical agencies [13]. We present an overview of drug with-
drawals and the anti-obesity drugs currently available.

Amphetamine-derivative compounds seem to decrease 
appetite and increase resting energy expenditure by increas-
ing, in particular, norepinephrine release in the central nerv-
ous system, and became the primary drugs for obesity treat-
ment in the 1940s and 1950s [14]. A group of these drugs 
(fenfluramine, dexfenfluramine, fenfluramine/phentermine) 
was withdrawn in the 1990s because of associated heart 
valve abnormalities and pulmonary hypertension [14, 15]. 
Phentermine as monotherapy is still approved by the US 
Food and Drug Administration (FDA) for short-term use 
only (a few weeks) [16, 17]. A new type of drug, rimona-
bant, which differed from these central-acting treatments by 
targeting the cannabinoid 1 receptor, emerged; trials reported 
weight loss of 4.7 kg compared with placebo groups, but the 
drug was never approved by the FDA and was withdrawn by 
the European Medicines Agency (EMA) in 2009 because 
of a series of adverse psychological reactions (depressed 
mood disorders and anxiety) [18–21]. In 2010, sibutramine, 
a serotonin-norepinephrine reuptake inhibitor that reduced 
appetite and increased energy expenditure, was withdrawn 
because of an increased risk of non-fatal myocardial infarc-
tion and non-fatal stroke [22–26]. Lorcaserin, a drug target-
ing the serotonin 5-hydroxytryptamine 2C receptor, which 
is involved in appetite control, reduced placebo-subtracted 
weight by 3.2 kg in trials and was approved by the FDA in 
2012 [27]. However, in Europe, the approval of lorcaserin 
was cancelled in 2013 because of EMA concerns regard-
ing potential carcinogenicity, psychiatric disorders and 
valvulopathy [28, 29]. A combination treatment consist-
ing of phentermine and topiramate, an anti-seizure agent, 
was ultimately refused EMA authorisation in 2014 because 
of concern over long-term cardiovascular and psychiatric 
effects [30, 31].

Orlistat (a gastrointestinal lipase inhibitor [34]), naltrex-
one/bupropion (antagonist of pro-opiomelanocortin opioid 
auto-inhibition and stimulator of pro-opiomelanocortin 
neurons, respectively [35]) and liraglutide (glucagon-like 
peptide-1 receptor agonist [GLP-1 RA] [36]) are the only 
anti-obesity drugs currently approved by both the FDA and 
the EMA. Besides orlistat, liraglutide is the only approved 
anti-obesity drug that does not directly target the serotonin-
noradrenaline-dopamine systems of the central nervous 
system, unlike many of the mentioned and withdrawn anti-
obesity drugs (Table 1).

This article examines the GLP-1 RAs approved or pend-
ing approval for obesity treatment, namely liraglutide and 

semaglutide, from a benefit–risk perspective. We briefly 
describe the general mechanism of action of GLP-1 RAs 
and highlight the efficacy and safety data from trials of each 
drug.

2  Mechanism of Action of Glucagon‑Like 
Peptide‑1 Receptor Agonists 
in the Treatment of Obesity

GLP-1 RAs mimic the effects of native GLP-1 hormone by 
activating the G protein-coupled GLP-1 receptor [37]. The 
GLP-1 receptor is found throughout the body, suggesting 
several physiological effects, with the anorexigenic (and 
insulinotropic) effects being the most important in the treat-
ment of obesity [38, 39]. The anorexigenic effect mediated 
by the GLP-1 receptor is suggested to be due to both periph-
eral and central actions [40, 41]. Centrally, GLP-1 RAs 
may pass the blood–brain barrier and bind in hypothalamic 
regions, particularly the arcuate nucleus and paraventricular 
nucleus. In the arcuate nucleus, an indirect stimulatory effect 
is exerted on the orexigenic neuropeptide Y/agouti-related 
protein-expressing neuron group via γ-aminobutyric acid 
(GABA)-signalling, which may lead to appetite reduction 
[42–44]. Peripherally, it has been proposed that GLP-1 RAs 
also act on afferent vagal neurons [45, 46]. GLP-1 RAs also 
slow gastric emptying, but this effect does not seem to be 
the primary cause of the GLP-1 RA-induced weight loss and 
does not significantly change satiety or volume of fullness 
[47, 48]. Additionally, the weight reduction effect following 
GLP-1 RA treatment has been suggested to be influenced 
by a diminished reduction in circulating leptin following 
GLP-1 RA-induced weight loss, which may further increase 
the anorexigenic effect [49]. Evidence is currently incon-
sistent in demonstrating a change in energy expenditure by 
altered resting metabolic rate or diet-induced thermogenesis 
[50–54]. GLP-1 RAs ultimately lead to satiety, which can 
result in a decreased intake of food and a negative energy 
balance that leads to weight loss [41, 55]. Available GLP-1 
RAs are exenatide, liraglutide, lixisenatide, albiglutide, dula-
glutide and semaglutide, all of which are approved to treat 
T2DM [56, 57]. Only liraglutide is currently approved for 
the treatment of obesity, and semaglutide is under investiga-
tion as an obesity treatment [58, 59].

3  Methodology

We performed a literature search of PubMed (MEDLINE) 
on 9 November 2018 using the keywords liraglutide and obe-
sity. Only double-blind randomised controlled trials (RCTs) 
designed to investigate the efficacy and safety of liraglutide 
3.0 mg compared with a placebo group in overweight or 
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obese participants aged 18–65 years were eligible for inclu-
sion in the benefit–risk assessment. Subgroup analyses or 
reviews were excluded. The search yielded 217 results for 
liraglutide, 60 of which were clinical studies in humans. In 
total, 52 were discarded: 33 did not use liraglutide 3.0 mg 
(two did not use liraglutide), four were not RCTs, nine were 
subgroup analyses, five did not investigate efficacy and safety 
and one involved participants aged < 18 years. The only obe-
sity RCT of semaglutide completed to date was included. 
Relevant RCTs and meta-analyses or reviews covering trials 
investigating liraglutide or semaglutide treatment compared 
with placebo groups in participants with T2DM were also 
included to assess safety and efficacy. Each risk–benefit pro-
file was individually evaluated and discussed.

Liraglutide and semaglutide were examined using a 
standard benefit–risk assessment method comparing the 
efficacy data and safety probabilities from included trials 
[60]. Efficacy (placebo-subtracted weight loss in kg, rate of 

achieving > 5% weight loss, lowered probability of adverse 
events or comorbidities) was defined as the benefit compo-
nent. The risk component included relevant adverse events 
(> 5% prevalence and between-group differences) and seri-
ous adverse events of particular interest associated with 
GLP-1-based therapies (pancreatitis, gallbladder-related 
events, cardiovascular risk, neoplasms and cancer risk, and 
hypoglycaemia) [61, 62]. This method was chosen to ensure 
the comparability of as many studies as possible.

4  Efficacy and Safety

4.1  Liraglutide

Liraglutide 3.0 mg is indicated for obesity treatment as an 
adjunct to diet and exercise lifestyle change [58, 70]. It is 
a subcutaneously administered analogue, sharing 97% 

Table 1  Anti-obesity drug approvals and withdrawals, listed by year of approval

For drugs not withdrawn by both the FDA and EMA, the most common adverse effects are listed. If a particular drug has been withdrawn by 
either agency, or both, the events leading to withdrawal are listed
EMA European Medicines Agency; FDA US Food and Drug Administration, NA not available; - indicates not applicable
a Figures in parentheses represent 95% confidence intervals
b Years unless otherwise indicated

Drug Primary mechanism 
of action

Safety Placebo-subtracted 
weight change (kg)a

Treatment  durationb Approval 
(year)

Withdrawal/
refusal 
(year)

FDA EMA FDA EMA

Phentermine Sympathomimetic Dry mouth, restless-
ness, pulmonary 
hypertension, 
tachycardia

NA 14 weeks 1959 NA – 1999

Sibutramine Serotonin-norepi-
nephrine reuptake 
inhibitor

Non-fatal myocardial 
infarction, non-fatal 
stroke

− 4.5 (− 5.3 to − 3.6) 
[32]

1 1997 1999 2010 2010

Orlistat Gastrointestinal lipase 
inhibitor

Steatorrhea, 
flatulence, faecal 
urgency

− 2.6 (− 3.0 to − 2.2) 
[33]

1 1999 1998 – –

Rimonabant Cannabinoid 1 recep-
tor antagonist

Depressed mood 
disorders, anxiety

− 4.7 (− 5.3 to − 4.1) 
[19]

1 – 2006 – 2009

Lorcaserin 5-hydroxytryptamine 
2C agonist

Carcinogenicity, 
psychiatric disorder, 
valvulopathy

− 3.2 (− 4.0 to − 2.5) 
[33]

1 2012 – – 2013

Phentermine/topira-
mate

Sympathomimetic/
anti-seizure agent

Increased heart rate, 
depression, anxiety, 
cognitive impair-
ment

− 8.8 (− 10.2 to 
− 7.4) [33]

1 2012 – – 2013

Naltrexone/bupropion Opioid receptor 
antagonist/stimulus 
of pro-opiomelano-
cortin neurons

Nausea, constipation, 
headache

− 5.0 (− 5.9 to − 4.0) 
[33]

1 2014 2015 – –

Liraglutide Glucagon-like 
peptide-1 receptor 
agonist

Nausea, vomiting, 
diarrhoea, constipa-
tion (see Table 3)

− 5.3 (− 6.1 to − 4.5) 
[33]

1 2014 2015 – –



960 R. M. Christensen et al.

homology of endogenously produced GLP-1 secreted by 
enteroendocrine L-cells in the gut [36, 38]. Native GLP-1 
concentration typically increases postprandially but only 
exists in the human body for 1–2 min [38]. Liraglutide 
has thus been acylated to increase the plasma half-life to 
12–13 h, requiring a daily dosing schedule, and up to 3.0 mg 
is approved for the treatment of obesity [36, 58].

 Five of the included trials were phase III trials, the 
first being from 2009 with an extension published in 
2012 [63–69]. Four are a part of the multicentre SCALE 
(Satiety and Clinical Adiposity—Liraglutide Evidence) pro-
gramme, funded by Novo Nordisk A/S [65–69]. The most 
recent study, by O’Neil et al. [59], compared liraglutide and 
semaglutide, and the data are therefore presented in both the 
liraglutide and the semaglutide tables. Anthropometric and 
efficacy data are presented in Tables 2 and 3. 

In all trials, participants followed a 4-week titration 
period followed by a constant dose period. From randomi-
sation to completion, participants were instructed to follow 
a 500 kcal/day deficit of their individually calculated daily 
basal metabolic rate and were also counselled to maintain 
or increase physical activity to > 150 min/day. Wadden et al. 
[65] was the only trial with an initial low-calorie diet run-in 
period (1200–1400 kcal/day for 4–12 weeks), which had to 
lead to a weight loss of > 5% before randomisation. In the 
Davies et al. [66] trial, 88.8% of the participants randomised 
to liraglutide 3.0 mg and 90.5% of those in the placebo group 
were receiving one to three agents (metformin, sulfonylu-
rea and glitazone), with the distribution of agents similar 
between the groups. Participants in Astrup et al. [64] were 
randomised into six trial arms for 1 year. All groups (except 
the orlistat group) were then pooled in a liraglutide 2.4 mg 
group that was later increased to 3.0 mg and completed after 
an additional year. The data presented in Table 2 are from 
the liraglutide 3.0 mg group before pooling (from week 0 
to 52).

The placebo and liraglutide groups were anthropometri-
cally similar within each trial in terms of baseline BMI and 
body weight. The placebo-subtracted weight losses were 
dependent on the length of the trial: the lowest weight loss, 
4.4 kg, was seen in the 20-week trial, and the highest was 
seen in the trials that were longer than 6 months, demonstrat-
ing weight losses from 4.6 to 5.9 kg (p < 0.001 or lower). 
These placebo-subtracted weight losses are similar to those 
with naltrexone/bupropion (5.0 kg) and modest in compari-
son with EMA-withdrawn phentermine/topiramate (8.8 kg), 
see Table 1. A significantly higher mean weight loss of 
3.8 kg (95% confidence interval [CI] 1.6–6.0; p < 0.0001) 
after 1 year of treatment was reported in a head-to-head 
comparison with orlistat [64]. In all studies, participants ran-
domised to liraglutide treatment had a significantly higher 
chance of achieving a > 5% weight loss after randomisa-
tion than those in placebo groups, ranging from 46 to 76% 

and from 19 to 30%, respectively. In Pi-Sunyer et al. [67], 
33.1% (liraglutide) versus 10.6% (placebo) had a weight loss 
of > 10% (p < 0.001), indicating that one-third of participants 
responded very well. Early responders have been defined as 
participants achieving a weight loss of > 5% at 12 weeks of 
treatment (not including titration period), and they are pre-
dicted to have a mean weight loss of 11.2% of their baseline 
body weight after 1 year of treatment [70]. In Pi-Sunyer et al. 
[67], 63.2% of participants were early responders. The stud-
ies of ≥ 1 year demonstrated a stabilisation of body weight 
in the liraglutide group after 35–40 weeks (except in Wad-
den et al. [65], where stabilisation occurred as early as after 
20 weeks of treatment) until discontinuation of treatment 
where follow-up analyses found a regain of body weight in 
liraglutide groups [69].

Liraglutide also significantly improved other comorbidi-
ties compared with placebo in the Astrup et al. [64] trial; 
after 1 year of treatment with liraglutide 3.0 mg, the percent-
age of patients with pre-diabetes decreased from 31 to 10% 
compared with an increase from 36 to 37% with placebo. 
Liraglutide treatment also significantly lowered the preva-
lence of pre-diabetes compared with orlistat; 52–62% of par-
ticipants with pre-diabetes treated with liraglutide returned 
to normal glucose tolerance after 2 years compared with 
26% of those treated with orlistat [64].

4.1.1  General Observations and Adverse Events

The percentages of adverse events reported in > 5% of par-
ticipants were lower in the placebo groups (range 47–79) 
than in the liraglutide groups (range 67–88) across all trials. 
Overall, withdrawal rates were comparable between lira-
glutide and placebo, with more withdrawals due to adverse 
events with liraglutide. Withdrawal rates due to adverse 
events in liraglutide groups were higher than with placebo 
in seven of eight trials. The event rate per 100 years of obser-
vation was higher with liraglutide in trials with an avail-
able value, indicating greater exposure to adverse events 
over time [59, 65, 68, 69]. The reports and distributions of 
adverse events in a review of the T2DM phase III trials using 
liraglutide 1.8 mg (LEAD trials) were similar [71].

The most common adverse events following liraglutide 
treatment were gastrointestinal disorders that were mild 
to moderate in severity and often presented in the titration 
period. Commonly reported events included nausea, vom-
iting, constipation, diarrhoea, dyspepsia and abdominal 
discomfort, of which nausea was the most common. In the 
Astrup et al. [64] trial, participants reporting nausea and/
or vomiting had a higher mean weight loss than those with-
out nausea and/or vomiting (10.0 vs. 7.1 kg, estimated dif-
ference 2.9 kg; 95% CI 0.5–5.3; p = 0.02). Gastrointestinal 
events reported in the first 1–6 weeks were often the cause 
for withdrawal [65, 67, 69]. In le Roux et al. [69], 8% of 
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participants treated with liraglutide versus 2% with placebo 
withdrew because of gastrointestinal events. Two very com-
monly occurring events in both groups were nasopharyngitis 
and headache.

Several of the trials showed a significantly increased 
mean heart rate of approximately 2 beats/min during lira-
glutide treatment [66–69]. Blackman et al. [68] also reported 
an increased heart rate but a normal decrease in nocturnal 
heart rate. le Roux et al. [69] reported a decreased number 
of cardiovascular adverse events in the liraglutide group than 
in the placebo group (16 vs. 19%).

No apparent distribution or clustering between groups 
was seen in the few psychiatric disorders reported and 
according to mental health questionnaires administered in 
two of the trials [65, 69].

4.1.2  Serious Adverse Events of Interest

The longest running trial, 160 weeks [69], and the most 
recent trial [59] did not raise any new safety concerns. The 
percentage of participants experiencing any serious adverse 
events in the liraglutide groups was slightly higher than 
in the placebo groups in all trials, except the Astrup et al. 
[63] and O’Neil et al. [59] trials (in which the prevalence 
was higher in the placebo group). In Blackman et al. [68] 
and Davies et al. [66], the reported serious adverse events 
were single cases and with no apparent distribution within 
organ classes. O’Neil et al. [59] found a higher prevalence 

of allergic reactions (13% with liraglutide vs. 7% with pla-
cebo), but this was not found in other trials; the LEADER 
(Liraglutide and Cardiovascular Outcomes in Type 2 Diabe-
tes) trial found no significant difference in allergic reactions 
between groups (1.3% with liraglutide, 0.9% with placebo; 
p < 0.14) [72].

4.1.2.1 Pancreatitis In le Roux et al. [69], the prevalence of 
pancreatitis was marginally higher in the liraglutide group 
(0.7%) than in the placebo group (0.3%) and was generally 
low in the shorter Pi-Sunyer et al. [67] trial (0.4 vs. < 0.1%, 
respectively). No reports of pancreatitis were found in the 
Wadden et  al. [65], Blackman et  al. [68] or Davies et  al. 
[66] trials. Pi-Sunyer et al. [67] found that 2.5% of partici-
pants receiving liraglutide versus 1.1% of those receiving 
placebo had lipase levels three times higher than the upper 
limit of normal, but this finding had a low positive predic-
tive value for pancreatitis in the trial (< 1%). Elevated lipase 
levels were also seen in Davies et al. [66]. An increase in 
serum lipase above three times the upper limit of normal 
is often used to guide the diagnosis of acute pancreatitis 
but is not a confirmation of the diagnosis [73]. Pooled data 
from the SCALE trials showed that increases in amylase/
lipase activity did not predict acute pancreatitis onset, and 
FDA and EMA assessments have suggested that increases 
in lipase and amylase levels are not predictive of pancrea-
titis [74, 75]. The LEADER trial, which studied liraglutide 
1.8 mg, found no significant difference in acute pancreatitis 

Table 3  Overview of adverse events

Percentage of participants reporting at least one event rounded to whole numbers
AE adverse event, LIR liraglutide 3.0 mg, NA not available, PL placebo, SAE serious adverse event
a Percentage of participants reporting at least one adverse event of any frequency
b Abdominal pain and abdominal upper pain categories combined

Trial Astrup 
et al. [63]

Astrup 
et al. [64]

Wadden 
et al. [65]

Davies 
et al. [66]

Pi-Sunyer 
et al. [67]

Blackman 
et al. [68]

le Roux 
et al. [69]

O’Neil 
et al. [59]

PL LIR PL LIR PL LIR PL LIR PL LIR PL LIR PL LIR PL LIR

Overall withdrawal 19 12 25 19 30 25 22 23 36 28 20 26 55 47 24 17
AE occurring in > 5% of participants 83a 95a 89a 96a 78 84 86a 93a 63 80 47 67 78 88 79 85
Any SAE 1 1 3 8 <1 2 6 9 5 6 3 3 13 15 8 4
AE withdrawals 3 5 3 8 9 8 3 9 4 10 3 11 6 12 3 9
Event rate per 100 years of observation NA NA NA NA 578 707 NA NA NA NA 158 310 432 490 485 575
Gastrointestinal disorders 31 71 38 77 45 74 39 65 NA NA NA NA NA NA 38 75
Nausea 5 47 7 48 17 48 14 33 15 40 7 27 17 41 18 45
Constipation 12 14 12 18 12 27 6 16 9 20 3 12 11 22 4 23
Diarrhoea 7 13 10 15 12 18 13 26 9 21 8 17 14 25 12 28
Vomiting 2 12 2 13 2 17 6 16 4 16 3 7 5 20 6 11
Dyspepsia NA NA 3 9 2 9 2 11 3 10 1 9 5 10 NA NA
Abdominal  painb NA NA 5 11 1 7 5 10 7 11 NA NA 10 16 NA NA
Nasopharyngitis 15 10 NA 41 22 17 19 21 19 17 10 9 28 26 12 16
Headache 12 13 NA 24 12 13 14 16 12 13 11 14 16 18 15 11



963Benefit-Risk Assessment of Obesity Drugs

(0.4% with liraglutide vs. 0.5% with placebo; p = 0.44, total 
n = 9340, median follow-up 3.8 years) [72].

4.1.2.2 Gallbladder‑Related Events Gallbladder-related 
events, specifically acute cholecystitis and cholelithiasis, 
were also reported more frequently with liraglutide than 
with placebo by Pi-Sunyer et al. [67] (2.5 vs. 1.0%). These 
rates increased to 5 versus 2%, respectively, in the le Roux 
et al. [69] trial. Weight loss among participants with gall-
bladder-related events was larger than the overall mean 
weight loss and therefore might account for the differences, 
since rapid weight loss is associated with an increased risk 
of gallbladder-related events [67, 69, 76]. Furthermore, lira-
glutide has been shown to affect gallbladder motility, but 
a connection between GLP-1 RAs and gallbladder-related 
adverse events has not been fully established [77, 78]. Simi-
larly, this discrepancy between events with liraglutide versus 
placebo was also seen in the LEADER trial, where liraglu-
tide induced a 2.3 kg placebo-subtracted weight loss [72].

4.1.2.3 Hypoglycaemia In Astrup et  al. [64], 13 self-
reported symptomatic hypoglycaemia events were recorded, 
12 of which were from participants treated with liraglutide. 
In Pi-Sunyer et  al. [67], the prevalence of hypoglycaemia 
was 1.3% with liraglutide and 1.0% with placebo, and none 
of the events were severe. In the Davies et  al. [66] trial, 
more hypoglycaemic events were reported by patients with 
T2DM treated with liraglutide than by those with placebo, 
but the overall glycaemic control was significantly better, 
showing a reduction in participants’ net use of concomitant 
oral hypoglycaemic agents compared with placebo (13.1% 
with liraglutide vs. 5.7% with placebo decreased net use, 
odds ratio 5.63; 95% CI 3.62–8.76; p < 0.001). The severe 
cases of hypoglycaemia reported in the liraglutide group 
were all from participants receiving concomitant sulfonylu-
rea treatment [66].

4.1.2.4 Neoplasms and Cancer Trials of GLP-1 RAs have 
indicated that they increase calcitonin release and C-cell 
proliferation in the thyroid glands of mice, and C-cell 
tumours and medullary thyroid carcinomas in rodents are 
still mentioned in the FDA drug information for liraglu-
tide 3.0 mg [58, 79]. None of the SCALE trials were pow-
ered sufficiently to determine carcinogenic effects. How-
ever, none [65–68] reported increased calcitonin levels or 
instances of medullary thyroid carcinoma. The LEADER 
trial, involving 9340 participants, was not powered to deter-
mine the effect of liraglutide on cancer risk, but it did not 
report any episodes of C-cell hyperplasia or medullary thy-
roid carcinoma or a significant difference in neoplasms in 
the liraglutide group [72]. Similar rates of neoplasms were 
generally reported or adjudicated between trial arms [59, 65, 
66, 68], but Pi-Sunyer et al. [67] observed a higher incidence 

of malignant and pre-malignant breast neoplasms in the lira-
glutide groups (ten events in nine women with liraglutide vs. 
three events in three women with placebo; 56 weeks), as did 
le Roux et al. [69] (ten events in nine women with liraglutide 
vs. none with placebo; 160 weeks), with the greatest number 
of reports in women who had lost more body weight than 
the average compared with other women. This may suggest 
that some of the breast neoplasms could have been present 
before treatment but became visible with weight loss.

4.1.3  Cardiovascular Outcomes

Rates of serious adverse cardiovascular events were simi-
lar between groups in the le Roux et al. [69] trial. In the 
LEADER trial, the primary composite outcome was the first 
event (time-to-event analysis) of death from cardiovascular 
causes, non-fatal myocardial infarction or non-fatal stroke. 
The primary composite outcome occurred in significantly 
fewer participants treated with liraglutide (13.0 vs. 14.9% 
with placebo, hazard ratio [HR] 0.87; 95% CI 0.78–0.97; 
p < 0.001 for noninferiority, p = 0.01 for superiority) [72]. 
The LEADER findings count as a benefit in the assessment 
of the treatment and, in 2017, were deemed so significant 
that the EMA updated the liraglutide 3.0 mg prescription 
label with the 1.8 mg findings on lowered cardiovascular 
risk [80]. Systolic blood pressure was also reduced signifi-
cantly more than in placebo groups, with Pi-Sunyer et al. 
[67] reporting a decrease of 2.80 mmHg (95% CI 2.09–3.56; 
p < 0.001). Results from trials have been inconsistent in 
demonstrating a significant decrease in diastolic blood pres-
sure [59, 63–69].

4.2  Semaglutide

Semaglutide shares 94% homology with native GLP-1 and 
was developed from liraglutide in an attempt to increase the 
half-life while maintaining the physiological effects of lira-
glutide [81]. An amino acid substitution protects semaglu-
tide from dipeptidyl-peptidase-4 degradation, the acylation 
has been modified and a more flexible linker has been used 
[81]. These changes have increased the affinity of semaglu-
tide to the GLP-1 receptor threefold compared with liraglu-
tide and increased its half-life to 165 h in humans [81]. The 
FDA (2017) and the EMA (2018) both approved subcutane-
ous semaglutide to a maximum of 1.0 mg for the treatment 
of T2DM [57, 82], but it is not yet approved for the treatment 
of obesity. Semaglutide trials have shown dose-dependent 
weight loss and adverse events [59, 83]. One dose-finding 
trial comparing semaglutide, liraglutide and placebo has 
been completed [59]. Four phase III studies (STEP 1–4) are 
set for completion in 2020: a weight loss study, a non-insulin 
T2DM study, a maximising weight loss study and a weight 
loss maintenance study [84]. Furthermore, as required by 
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FDA guidelines for pre-approval and post-approval for drugs 
managing glycaemic regulation, Novo Nordisk A/S plans to 
conduct a landmark cardiovascular trial that is estimated for 
completion in 2023 (SELECT [Semaglutide Effects on Car-
diovascular Outcomes in People with Overweight or Obe-
sity]) [85]. The trial is set to include 17,500 participants and 
will compare daily subcutaneous injections of semaglutide 
versus placebo for 31–59 months in non-diabetic individuals 
with prior cardiovascular disease [85].

Table 4 presents the anthropometric and efficacy data for 
the highest dose of semaglutide from the completed phase II 
trial with non-diabetic participants with obesity. Addition-
ally, trials using semaglutide as monotherapy or as an add-on 
to other standard hypoglycaemic agents in participants with 
T2DM are included: two phase III trials (one monotherapy 
trial [SUSTAIN-1] and one add-on trial [SUSTAIN-6]), and 
a trial comparing the subcutaneous and oral analogue.

All trials had a titration period; in the diabetes trials by 
Marso et al. [87] and Davies et al. [88], background treat-
ment with standard hypoglycaemic agents was continued, 
whereas O’Neil et al. [59] and Sorli et al. [86] used sema-
glutide as monotherapy. The variations in background treat-
ment, combined with the varying doses and once-daily/
once-weekly administration, may explain the differences in 
efficacy between trials: weight loss of 11.6% with sema-
glutide 0.4 mg once daily [59], 3.6 kg with subcutaneous 
semaglutide 1.0 mg once weekly [86] and 5.7 kg with oral 
semaglutide 40 mg once daily [88].

The trials involving patients with T2DM were anthro-
pometrically similar but the results differed from those 
reported in the obesity trial by O’Neil et al. [59]. The diabe-
tes trials demonstrated a placebo-subtracted weight loss of 
3.6–5.7 kg, whereas the obesity trial demonstrated a 11.6% 
weight loss, which was noticeably higher than the 5.5% 
weight loss seen with liraglutide 3.0 mg in the same trial. 
The participants receiving oral semaglutide 40 mg in the 
Davies et al. [88] trial lost numerically more placebo-sub-
tracted weight than the participants receiving subcutaneous 
semaglutide 1.0 mg (6.2% with oral semaglutide 40 mg vs. 
5.9% with subcutaneous semaglutide 1.0 mg), but no sig-
nificant difference between the two groups was seen. Over-
all, significantly more participants treated with semaglutide 
achieved a > 5% weight loss versus placebo.

The estimated treatment difference between sema-
glutide 0.4 mg and liraglutide 3.0 mg was − 6.1% body 
weight (95% CI − 8.4 to − 3.8; p < 0.0001), strongly favour-
ing semaglutide [59]. Furthermore, the group receiving 
semaglutide 0.4 mg experienced a significant reduction 
in glycated haemoglobin  (HbA1c: − 0.29 ± 0.03% stand-
ard deviation; p < 0.0001), but no change was seen in the 
placebo group [59]. Marso et al. [87] treated patients with 
T2DM and reported an  HbA1c of 8.7 ± 1.5% for both the 
semaglutide 1.0 mg and the placebo groups; semaglutide Ta
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1.0 mg significantly lowered  HbA1c (1.1%; 95% CI 0.9–1.2; 
p < 0.0001) compared with placebo. Significantly more par-
ticipants receiving placebo than those receiving semaglu-
tide 1.0 mg needed additional treatment with hypoglycaemic 
agents (39 vs. 20%, respectively) [87]. In Davies et al. [88], 
more than 90% of participants treated with oral semaglu-
tide 40 mg or subcutaneous semaglutide 1.0 mg achieved an 
 HbA1c of < 7% (p < 0.001) versus 28% with placebo.

4.2.1  General Observations and Adverse Events

Overall withdrawal rates were similar in all trials except for 
Davies et al. [88]. This might be because of the relatively 
low number of participants in the randomised groups, mak-
ing this study more prone to greater percentage point shifts. 
Withdrawals due to adverse events were more frequent with 
semaglutide (range 5–23% vs. 1–8% with placebo) in all tri-
als (see Table 5). The overall withdrawal rate in O’Neil et al. 
[59] did not show an association with different semaglutide 
doses. The adverse event rate per 100 years of observation 
in O’Neil et al. [59] was 743 with semaglutide and 485 with 
placebo, indicating greater exposure to adverse events over 
time with semaglutide. These general observations were 
similar to those with liraglutide.

In both obesity and T2DM trials, the distribution of 
adverse events was similar between liraglutide and semaglu-
tide [59, 65–69, 71]. The most common adverse events were 
gastrointestinal disorders, which were largely mild to moder-
ate (range 15–38% with placebo, 38–82% with semaglutide). 
In Marso et al. [87], Sorli et al. [86] and O’Neil et al. [59], 
most adverse event-related withdrawals were due to gastroin-
testinal events, commonly reported as nausea, vomiting, and 
constipation or diarrhoea, with nausea the most common. 

For semaglutide, similarly to liraglutide, nausea was mostly 
present in the titration period and diminished over time 
[59, 86, 88]. Treatment with semaglutide also induced an 
increase in mean resting heart rate of approximately 2–3 
beats/min compared with placebo [86, 87].

4.2.2  Serious Adverse Events of Interest

No unexpected safety concerns were identified in any of the 
trials [59, 86–88]. The percentage of participants report-
ing any serious adverse event was higher with semaglutide 
than with placebo in Sorli et al. [86] and O’Neil et al. [59] 
but lower in Marso et al. [87] and Davies et al. [88]. In par-
ticular, compared with the other trials, the rate of serious 
adverse events was unusually high for both placebo and 
semaglutide in Marso et al. [87] (36 vs. 34%, respectively).

4.2.2.1 Pancreatitis and  Gallbladder‑Related Events Only 
O’Neil et al. [59] reported a difference in gallbladder-related 
events (cholelithiasis and cholecystitis; concurrent with five 
adjudicated pancreatitis events) with semaglutide 0.4  mg 
versus placebo (6 vs. 4%); no apparent relationship was seen 
between the groups. Marso et al. [87] found no imbalance 
of pancreatitis and gallbladder-related events between sema-
glutide and placebo.

4.2.2.2 Hypoglycaemia and  Retinopathy Hypoglycaemia 
events were generally few across trials and evenly dis-
tributed between groups, as seen in Marso et  al. [87] in 
patients with T2DM (21.7% with semaglutide vs. 21.0% 
with placebo). In Marso et  al. [87], 83.5% of participants 
had pre-existing retinopathy complications, evenly distrib-
uted between groups; however, retinopathy complications 

Table 5  Overview of adverse 
events

Data are presented as percentage of participants reporting at least one event rounded to whole numbers
AE adverse event, GI gastrointestinal, PL placebo, PO oral, QD once daily, QW once weekly, SAE serious 
adverse event, SC subcutaneous injection, SEM semaglutide, – none listed

Trial O’Neil et al. 
[59] (SC 
0.4 mg QD)

Sorli et al. [86] 
(SC 1.0 mg 
QW)

Marso et al. 
[87] (SC 
1.0 mg QW)

Davies et al. 
[88] (SC 
1.0 mg QW)

Davies et al. 
[88] (PO 
40 mg QD)

PL SEM PL SEM PL SEM PL SEM PL SEM

Overall withdrawal 24 19 11 12 19 23 8 23 8 32
AE withdrawals 3 15 2 5 8 15 1 14 1 23
Any AE 79 96 53 56 89 89 68 81 68 79
Any SAE 8 13 3 6 36 34 7 3 7 1
GI disorders 38 82 15 38 35 52 28 54 28 61
Constipation 4 24 4 < 1 4 10 6 10 6 13
Diarrhoea 12 13 2 11 11 18 10 14 10 14
Nausea 18 48 8 24 8 22 1 32 1 34
Vomiting 2 12 7 2 4 15 4 9 4 20
Dyspepsia – – 2 4 2 8 4 14 4 8
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occurred in 3.0% of participants treated with semaglutide 
and in 1.8% of those treated with placebo (HR 1.76; 95% 
CI 1.11–2.78; p = 0.02). These findings are dissimilar to 
those from other human and animal trials. A meta-analysis 
by Dicembrini et al. [89] found that treatment with GLP-1 
RAs (pooled data from exenatide, liraglutide, lixisenatide, 
albiglutide, dulaglutide and semaglutide trials) in patients 
with diabetes did not significantly increase the incidence 
of retinopathy (Mantel–Haenszel odds ratio 0.92; 95% CI 
0.74–1.16; p = 0.49) [89]. GLP-1 receptor activation has 
also been shown to prevent retinal neurodegeneration in 
diabetic mice [90].

4.2.2.3 Neoplasms and Cancer Calcitonin levels were low 
with both semaglutide and placebo in Sorli et al. [86], and 
none of the trials reported instances of thyroid carcinoma. 
Nevertheless, the FDA still cautions against the same adverse 
events as they do for liraglutide 3.0 mg [82]. In Sorli et al. 
[86], singular cases of malignant neoplasms were seen in the 
semaglutide 1.0 mg group, and even distributions of neo-
plasms were seen in O’Neil et al. [59]. In the larger Marso 
et al. [87] trial, the distribution of malignant neoplasms was 
similar between the semaglutide and placebo groups (HR 
0.94; 95% CI 0.67–1.32; data from 1648 participants treated 
with semaglutide 0.5 mg or 1.0 mg and 1649 participants 
receiving placebo), whereas the rate of pancreatic cancer 
was higher with placebo [87].

4.2.3  Cardiovascular Outcomes

In the Marso et al. [87] trial, which investigated cardiovascu-
lar risks, mean systolic pressure was lowered by 2.6 mmHg 
with semaglutide compared with placebo (p < 0.001), and 
the primary composite outcome (first occurrence of car-
diovascular death, non-fatal myocardial infarction or non-
fatal stroke) was significantly lower in participants receiv-
ing semaglutide 0.5 mg or 1.0 mg versus placebo (6.6% 
with semaglutide vs. 8.9% with placebo; HR 0.74; 95% 
CI 0.58–0.95; p < 0.001 for non-inferiority of semaglu-
tide). This was a drug benefit similar to that reported in the 
LEADER trial [72].

5  Discussion

Semaglutide induced a larger weight loss than liraglutide 
(− 6.1%; 95% CI − 8.4 to − 3.8; p < 0.0001) and unlike other 
obesity drugs, the weight loss with higher doses of sema-
glutide seemed to continue throughout the 52-week trial by 
O’Neil et al. [59] instead of plateauing. Therefore it will be 
interesting to see whether these results are similar in the 
STEP trials. The prospect of improving drug delivery with 
once-weekly oral administration with semaglutide instead 

of daily subcutaneous injections is also encouraging, as it 
may improve drug compliance. Furthermore, additional 
exercise combined with GLP-1 analogue treatment may 
have beneficial effects on weight loss and health. Mensberg 
et al. [91] showed that, in patients with T2DM, liraglutide 
1.8 mg plus exercise for 16 weeks compared with placebo 
plus exercise significantly improved fasting glucose (− 3.4 
vs. − 0.3 mM; p < 0.001) and systolic blood pressure (− 5.4 
vs. − 0.6 mmHg; p < 0.01) [91]. Thus, investigating the 
benefit of longer term controlled exercise with liraglutide 
treatment versus liraglutide or exercise alone in weight loss 
management is warranted.

When compared with orlistat, liraglutide induced a 
significantly greater weight loss (3.8 kg; 95% CI 1.6–6.0; 
p < 0.0001) [64]. Naltrexone/bupropion trials compared with 
liraglutide trials have shown similar weight loss; however, 
the beneficial effects on reversal of pre-diabetes and lower-
ing of cardiovascular risk factors favour liraglutide [33, 72, 
92]. A trial investigating the cardiovascular risks of naltrex-
one/bupropion, set to enrol 8910 participants, was termi-
nated prematurely after a breach of confidentiality, so no 
solid assessment of its safety can yet be made [92]. The car-
diovascular outcomes trial investigating lorcaserin reported 
a placebo-subtracted weight loss of 2.8 kg (95% CI 2.6–3.0) 
and no significant increase in major cardiovascular events 
(HR 0.99; 95% CI 0.85–1.14; p < 0.001 for noninferiority) 
after 1 year [93]. While no equivalent cardiovascular risk 
trial has investigated liraglutide 3.0 mg in non-diabetic par-
ticipants, both efficacy and safety results for lorcaserin seem 
inferior to those for liraglutide 3.0 mg. Head-to-head trials 
have not been performed between liraglutide and naltrexone/
bupropion or lorcaserin to compare their efficacy and safety.

Overall, the liraglutide and semaglutide safety outcomes 
reviewed in this article were similar. Trials of both drugs 
have shown safety similar to that of other GLP-1 RAs in 
the treatment of T2DM: In a meta-analysis by Bethel et al. 
[94] of the cardiovascular outcome trials ELIXA (lixisena-
tide), LEADER (liraglutide), SUSTAIN-6 (semaglutide) 
and EXSCEL (extended-release exenatide), GLP-1 RAs 
compared with placebo showed a significant 10% reduc-
tion in the primary composite outcome (death from car-
diovascular causes, non-fatal myocardial infarction or 
non-fatal stroke; HR 0.90; 95% CI 0.82–0.99; p = 0.033), 
a 13% reduction in cardiovascular death (HR 0.87; 95% 
CI 0.79–0.96; p = 0.007) and a 12% reduction in all-cause 
mortality (HR 0.88; 95% CI 0.81–0.95; p = 0.002) [94]. 
Furthermore, the meta-analysis found no significant dif-
ferences in hypoglycaemia, pancreatitis, pancreatic cancer 
or medullary thyroid cancer [94]. Another study of the 
cardiovascular outcome trials using restricted mean sur-
vival time instead of HRs also found a reduction in cardio-
vascular risk with liraglutide and semaglutide [95]. These 
lowered risks count as benefits in the evaluation of GLP-1 
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RAs. Nevertheless, these positive findings are still to be 
established in larger, sufficiently powered long-term safety 
trials in non-diabetic individuals and with doses suitable 
for the treatment of obesity, alongside post-marketing sur-
veillance [13].

In the Look AHEAD trial, which randomised 5145 obese 
participants with T2DM into an intervention group (inten-
sive lifestyle counselling and increased physical activity) 
and a control group, a significant difference in percentage 
body weight loss was seen throughout the trial (8.5 vs. 0.6% 
after 1 year and 4.7 vs. 2.1% after 8 years, respectively), but 
no significant reduction in the rate of cardiovascular events 
was seen (intervention group HR 0.95; 95% CI 0.83–1.09, 
p = 0.51; 1.83 and 1.92 events per 100 person-years in the 
intervention and control groups, respectively)  [96]. Thus, 
the cardiovascular risk reduction induced by liraglutide 
treatment seen in, for example, Pi-Sunyer et al. [67], le 
Roux et al. [69] or Marso et al. [87] seems to exceed the 
risk reduction potential from weight loss alone [8, 67, 69, 
72]. Therefore, the complications associated with success-
ful therapy seem to be outweighed by the potential for a 
decrease in cardiac events that exceeds the potential for 
weight loss alone.

In a clinical setting, the current prices for liraglutide in 
obesity treatment are substantially high, estimated at around 
$US1200 per month of treatment at the highest dosage 
[97]. While some insurance and other savings plans exist 
(depending on country), it must be expected that the prices 
will discourage some potential patients. A cost-effective-
ness meta-analysis of RCTs has been performed on various 
non-surgical weight loss strategies, including liraglutide 
3.0 mg [97]. Average cost-effectiveness ratios were calcu-
lated from 12 months of treatment in US dollars and weight 
loss in kilograms; 1 kg of weight loss cost an average of 
$US2102 with liraglutide 3.0 mg, $US823 with lorcaserin, 
$US541 with naltrexone/bupropion, $US327 with phenter-
mine/topiramate, $US251 with orlistat, and $US134 with 
Weight Watchers (weekly lifestyle counselling), (perscrip-
tion prices obtained in 2017 and Weight Watchers-pro-
gram in 2018) [97]. A real-life, open-label cost-effectiveness 
RCT of liraglutide 3.0 mg (STRIVE [Saxenda in Obesity 
Services] study) is currently recruiting participants with 
complex obesity (BMI ≥ 35 and one or more comorbidities; 
prediabetes, T2DM, hypertension or sleep apnoea) and is 
set for completion in 2021. The trial is planned to investi-
gate cost-effectiveness and budget implications by targeting 
early responders by investigating standard care consisting of 
obesity-specialist care compared with obesity specialist care 
plus liraglutide treatment and pre-specified stopping rules 
for the medication [98]. Targeting early responders and strict 
stopping rules might be a method to decrease the average 
cost-effectiveness ratio and avoid unneccesary exposure of 
liraglutide treatment. Currently, the EMA recommends 

discontinueing treatment if not ≥ 5% of initial body weight 
has been lost after 12 weeks [70].

GLP-1 RAs are also thought to have effects on other 
organ systems [41]. A direct cardioprotective effect has 
been seen in mice via remote ischaemic conditioning, and 
a neuroprotective effect has also been proposed but has yet 
to be established in humans [99, 100]. Another study has 
shown a direct anti-inflammatory effect in humans treated 
with lixisenatide via macrophage phenotype changes [101]. 
The effects are not yet fully established and remain to be 
determined on a larger scale in humans but are potentially 
beneficial.

Results from gut hormonal changes after bariatric sur-
gery have provided insight into several gut hormones and 
their relevance in energy homeostasis and metabolism, e.g. 
GLP-1, gastric inhibitory peptide (GIP), cholecystokinin, 
pancreatic polypeptide, peptide YY, oxyntomodulin, and the 
orexigenic hormone ghrelin [102, 103]. Future treatments 
mimicking endogenous gut hormones and potentially com-
bining them (i.e. dual agonism by GLP-1/GIP or triple ago-
nism by GLP-1/oxyntomodulin/peptide YY) might augment 
efficacy [104, 105].

Note that all of the trials included in Tables 2 and 4 were 
funded by Novo Nordisk A/S, which has patent and com-
mercial interests in liraglutide and semaglutide.

6  Conclusion

Obesity is an increasing problem worldwide and requires 
new and improved treatment options. Mimicking gut hor-
mones marks a new era of anti-obesity drugs. So far, GLP-1-
based therapy in the form of liraglutide has overall tolerable 
risks and mainly mild and transient adverse events. The effi-
cacy of liraglutide is comparable to that of other anti-obesity 
drugs and significantly increases the chance of achieving and 
maintaining clinically meaningful weight loss. Overall, the 
benefit–risk profile of liraglutide in the treatment of obesity 
is favourable and superior to other approved anti-obesity 
drugs. The completed phase II obesity trial of semaglutide 
demonstrates more promising weight loss than liraglutide 
with a similar safety profile, which will be reassessed in 
upcoming phase III trials and a large cardiovascular risk 
trial. The potential for a decrease in cardiac events seems 
to outweigh the complications of successful therapy and 
therefore exceed the potential for weight loss alone. Finally, 
long-term trials and post-marketing surveillance are required 
to determine the long-term safety of the new anti-obesity 
drugs.
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