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REVIEW

The burden of obesity in the current 
world and the new treatments available: focus 
on liraglutide 3.0 mg
Marcio C. Mancini1,2,3* and Maria Edna de Melo1,2

Abstract 

The prevalence of obesity increases worldwide. Treating obesity and its associated health problems has a significant 
economic impact on health care systems. The unsatisfactory long-term outcomes observed in the obesity treatment 
are due to its complex pathophysiology and the inherent difficulties associated with maintenance of lifestyle modifi-
cations. Determined by genetic and environmental factors, obesity has been officially recognized as a chronic disease, 
an action that allowed the recognition of anti-obesity drugs as legitimate therapeutic options to address the growing 
obesity endemic. Like other chronic diseases, obesity requires long-term treatment. Pharmacological interventions, 
when used as an adjunct to lifestyle changes, are useful to facilitate clinically meaningful weight loss, which may 
impact on obesity-associated comorbid conditions. In the past, medications for weight reduction were limited. How-
ever, the landscape has changed and new drugs provide additional options for weight management. Among the new 
drugs, liraglutide is the most studied, especially regarding its effects on the limbic system. As an adjunct to a reduced-
calorie diet and increased physical activity, treatment with liraglutide 3.0 mg provides a statistically significant and 
clinically meaningful weight loss. Liraglutide is a glucagon-like peptide 1 (GLP-1) receptor agonist that shares 97% 
homology to native GLP-1. Receptor agonists of GLP-1, including liraglutide, have emerged as effective therapies for 
type 2 diabetes and obesity. This review will address the major findings concerning the central regulation of appetite 
and the main studies that evaluated new drugs for obesity treatment, with a greater focus on liraglutide 3.0 mg.
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Background
More than just a consequence of poor lifestyle choices, 
obesity is a disease that is complex, polygenic, multifac-
torial, chronic and resistant to many forms of treatment. 
Obesity predisposes to the development of cardiovas-
cular diseases (CVD), type 2 diabetes mellitus (T2D), 
hypertension and numerous other conditions [1].

During the period between 1980 and 2014, the world 
prevalence of obesity more than doubled. According 
to the World Health Organization (WHO) more than 
1.9  billion adults over 18  years of age were overweight 
(38% of men and 40% of women), of these over 600 

million were obese (11% of men and 15% of women) in 
2014. Forty-two million children under 5  years of age 
were overweight or obese in 2013. In emerging countries, 
the increase of childhood overweight and obesity has 
been more than 30% higher than that of developed coun-
tries [2]. For instance, in Brazil, 16.8% of men and 24.4% 
of women were obese, while 56% of the adult population 
were overweight in 2013 [3].

The body mass index (BMI) is an attempt to quan-
tify the amount of tissue mass (muscle, fat, and bone) 
individually and BMI categories are defined as follows: 
lean below 18.5, normal weight 18.5–24.9, overweight 
25–29.9, and obese over 30 kg/m2 [2]. In accordance with 
WHO, normal weight East Asians have a BMI 18.5–23, 
overweight 23–27.4 and obese over 27.5 kg/m2 [4]. BMI 
has significant limitations since it does not always exhibit 
the risk of other chronic weight-related conditions [5]. 
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Sharma et  al. have proposed a simple clinical and func-
tional staging system, namely Edmonton Obesity Staging 
System (EOSS). When used together with other anthro-
pometric classification, EOSS provides a more accurate 
measurement of obesity-related health risks, because it 
incorporates the presence of comorbidities to aid deci-
sion-making in clinical practice [6], which is important, 
given that metabolically healthy obese comprise approxi-
mately 20% of obese individuals [7].

In the United States, the increased prevalence of obe-
sity is responsible for almost $40  billion of increased 
medical spending through 2006, including $7  billion 
in Medicare prescription drug costs. Finkelstein et  al. 
have shown the extent to which excess weight increased 
annual medical spending: the costs of overweight and 
obesity could have been as high as $78.5 billion in 1998 
and $147 billion in 2008 [8]. Based on data from 2000 to 
2005, Cawley and Meyerhoefer estimated that the United 
States medical care costs of obesity-related illness in 
adults is $209.7  billion, which corresponds to 20.6% of 
the national health expenditures [9].

Factors leading to the development of obesity have 
been extensively studied in recent years. The central reg-
ulation of appetite, especially with regard to the hedonic 
appetite, is a field highly exciting. Recently, new medica-
tions have been approved for the treatment of obesity in 
the United States: liraglutide, phentermine/topiramate, 
naltrexone/bupropion and lorcaserin.

Liraglutide is a glucagon-like peptide 1 (GLP-1) recep-
tor agonist that shares 97% homology to native GLP-1, 
extending the circulating half-life of GLP-1 from 1 to 
2 min to 13 h. Liraglutide was first approved for the treat-
ment of T2D in Europe in 2009 [10]. Among the new 
obesity drugs, liraglutide is the most studied, especially 
regarding its important effects through actions on the 
limbic system [11].

This review will address the major findings concerning 
the central regulation of appetite and the main studies 
with the new anti-obesity drugs, with a greater focus on 
liraglutide 3.0 mg.

Pathophysiology of obesity
Besides the well-known factors that lead to obesity, such 
as increase in energy intake by ingestion of high energy-
dense processed foods and reduction in physical activity, 
there are several different factors to be considered. Some 
putative contributors to obesity include the gut microbi-
ota, endocrine disruptors, epigenetics, increasing mater-
nal age, greater fecundity among people with higher 
adiposity, assortative mating, sleep debt, pharmaceuti-
cal iatrogenesis, reduction in variability of ambient tem-
peratures, and intrauterine and intergenerational effects 
[12]. Human adiposity and the predisposition towards 

weight gain are influenced by multiple genes, and the 
most probable estimate of the heritability of body fat in 
humans range from about 25 to 75% [13]. Gene muta-
tions that are singly sufficient to cause human obesity 
are extremely rare. Almost 176 cases of human obesity 
due to mutations in more than ten different genes have 
been reported. Noticeably, almost all of these mutations 
are bounded in the leptin/melanocortin pathway of the 
hypothalamus, which is critical in the adjustment of 
whole-body energy homeostasis [14].

The study of common obesity or polygenic obesity 
is approached by linkage studies, candidate gene asso-
ciation studies and genome-wide association studies 
(GWAS), in an attempt to find associations between 
genetic variations and an obesity-related trait. Until now, 
GWAS had identified almost 100 loci associated with 
obesity-related traits, among them, the most relevant is 
the rs9939609 polymorphism located in the FTO gene 
[15, 16].

The inability to limit excessive food intake is probably 
a key process that contributes to uncontrolled weight 
gain, mainly because it seems to be satisfying to eat a 
more palatable energetic and obesogenic type of food. 
The high hedonic value and tempting foods are the main 
culprits to overeat or eat beyond the immediate meta-
bolic need (food reward behaviour) [17]. The relationship 
between energy intake and expenditure is modulated 
not only by environmental and behavioural factors but 
also by genetic determinants and neuroendocrine feed-
back mechanisms. These mechanisms are regulated by 
the hypothalamus, the central site for the homeostatic 
regulation of body weight. The hypothalamus integrates 
peripheral hormonal signals from the gastrointestinal 
tract [ghrelin, cholecystokinin, peptide YY, pancreatic 
polypeptide (PP), GLP-1], pancreas (insulin) and adi-
pose tissue (leptin), that modify central orexigenic [e.g. 
neuropeptide Y (NPY)], agouti-related peptide (AgRP) 
and anorexigenic [e.g. alpha-melanocyte stimulating hor-
mone (α-MSH), a proopiomelanocortin (POMC)-derived 
peptide], cocaine- and amphetamine-regulated transcript 
[CART]) neuropeptides [18].

In animal studies, GLP-1 directly stimulates POMC/
CART neurons and indirectly inhibits neurotransmis-
sion in neurons expressing NPY and AgRP via gamma-
amino butyric acid (GABA)-dependent signalling 
[19–21]. These findings indicate that the GLP-1 receptors 
(GLP-1R) on POMC/CART-expressing arcuate (ARC) 
neurons likely mediate liraglutide-induced weight loss 
(Fig. 1). The weight loss is reduced by local blockade of 
GLP-1R on ARC neurons with an antagonist of GLP-1R 
[22]. Although well documented in animal models, the 
action of liraglutide in the human hypothalamus is more 
difficult to be demonstrated. Studies with functional 
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magnetic resonance imaging (fMRI) in humans have not 
identified modifications on its neuronal activity with the 
use of liraglutide; this absence of signal can be due to 
the small size of hypothalamus and its immediacy to the 
sinuses [23, 24].

The hedonic appetite regulation is carried out in the 
limbic regions such as the hippocampus, amygdala, 
nucleus accumbens, ventral tegmental area, cingulate 
gyrus, orbitofrontal cortex, insula and prefrontal cortex. 
These areas are involved in the development of the con-
ditioned response and reward. Although classical neu-
rotransmitters involved in this network are dopamine, 
serotonin, and GABA, several animal studies emphasize 
the contribution of GLP-1 in the system [25, 26]. Hsu 
et  al. assessed the dietary behavior of rats that received 
exedin-4 in the ventral portion of the hippocampal for-
mation. In addition to reducing total energy intake and 
weight, it was observed a significant decrease in fat intake 
and an increase in the standard feed consumption, when 

they were allowed to choose what food to eat. This find-
ing highlights the importance of GLP-1 in brain regions 
involved in the control of the learned and motivational 
behaviors in food consumption [26].

Farr et at. identified, by immunohistochemical analysis, 
the presence of GLP-1R in hypothalamic nuclei, medulla 
oblongata, area postrema and parietal cortex of humans 
brains [23]. The inferior parietal cortex is part of the 
attention network, which can be activated by important 
or highly desirable stimuli, like palatable food. Humans 
taking liraglutide presented in fMRI a decrease in activa-
tion of parietal cortex in response to more desirable food. 
This parietal activation in response to high-energy food is 
inversely correlated to weight loss. Patients with the low-
est inferior parietal activation reported it would be less 
pleasant to eat while on liraglutide, when on fasting. In 
this same study, it was reported a decrease in activation 
at insula and putamen in patients taking liraglutide when 
exposed to palatable food cues. The insula participates 

Fig. 1  Mechanism of action of antiobesity drugs. 5-HT2C-R: 5-hydroxytryptamine (serotonin) 2C receptor; ARC arcuate nucleus, CART cocaine and 
amphetamine-regulated transcript, D1 dopamine receptor D1, D2 dopamin receptor D2, DAT dopamine transporter, GABA gamma-aminobutyric 
acid, GLP-1R glucagon-like peptide-1 recepto, NPY/AgRP neurons expressing neuropeptide Y and agouti- related peptide, POMC proopiomelanocor-
tin, μ-OR μ-opioid receptor (Adapted from Kim et al., Baggio et al. and Wang et al. [19–21])
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in the saliency processing and saciety, in turn, putamen 
seems to contribute in the processing of food reward 
[23]. A previous study with exenatide, another GLP-1 
receptor agonist (derived from exendin-4), also showed 
a decreased brain response to palatable food pictures in 
insula, amygdala, putamen, and orbitofrontal cortex [27].

Another recent study employing fMRI determined the 
effects of endogenous GLP-1 (using a GLP-1 antago-
nist) and of liraglutide on central nervous system (CNS) 
activation in healthy lean individuals as well as in T2D 
patients. Endogenous GLP-1 was shown to affect central 
responsiveness to palatable food consumption. In com-
parison to healthy lean subjects, T2D patients presented 
reduced activation of the right insula by chocolate milk. 
In obese T2D patients, liraglutide improved the observed 
deficit in response to palatable food, which may contrib-
ute to the weight loss observed with liraglutide [28].

An aspect that has been recently considered in the 
study of obesity is hormonal adaptations to weight loss. 
Sumithran et  al. enrolled 50 overweight or obese non-
diabetic patients in a 10-week weight loss program con-
sisting of a very-low-energy diet. At the end of 10 weeks, 
after a mean weight loss of 13.5 ± 0.5 kg, there were sig-
nificant reductions in the concentrations of the anorectic 
peptides leptin, peptide YY, cholecystokinin, insulin and 
amylin. There were also increases in the concentrations 
of the orexigenic peptides ghrelin, glucose-dependent 
insulinotropic polypeptide (GIP) and PP. One year after 
the initial weight loss, there were still significant differ-
ences in the mean concentrations of these peptides in 
comparison to baseline; GLP-1 levels were also lower 
than baseline. The authors concluded that the modifica-
tions in the circulating mediators of appetite that encour-
age weight regain persist after one year of the weight loss. 
They highlight the importance of strategies to counteract 
this change in order to prevent obesity recidivism, other-
wise, the long-term outcomes will remain unsatisfactory 
[29].

Treatment of obesity
Non-pharmacological treatment of obesity can be effec-
tive, but the long-term success rate is low and regain-
ing lost weight is a major problem. Randomized studies 
have shown that a greater initial weight loss achieved 
with changes in lifestyle associated with other strategies 
(e.g. liquid formula diets or anorectic drugs) improves 
long-term weight maintenance, provided that it is fol-
lowed by a 1–2  years of integrated weight maintenance 
programme consisting of lifestyle interventions involving 
dietary change, nutritional education, behaviour therapy 
and increased physical activity. Therefore, a greater ini-
tial weight loss as the first step with a pharmacological 

intervention may result in improved sustained weight 
maintenance [30].

Wing et al. demonstrated that the magnitude of weight 
loss at 1  year was strongly associated with improve-
ments in blood pressure (BP), as well as fasting glucose, 
triglyceride, and HDL cholesterol levels but not in LDL 
cholesterol levels. Compared with weight-stable partici-
pants, those who lost 5 to <10% (7.25 ± 2.1 kg) of their 
body weight presented increased odds of achieving a 
0.5%-point reduction in HbA1c, a 5-mmHg decrease in 
diastolic BP, a 5-mmHg decrease in systolic BP, a 5 mg/
dL increase in HDL cholesterol, and a 40 mg/dL decrease 
in triglycerides. In those who lost 10–15% of their body 
weight, the odds of improvements were even greater [31].

Pharmacotherapy can be a useful choice for over-
weight/obese management. In general, long-term phar-
macotherapy is recommended for use as an adjunctive 
treatment to lifestyle modification, enhancing its compli-
ance [32]. Although anti-obesity drugs facilitate weight 
loss, the long-term therapy is frequently associated with 
a high dropout rate [33]. In the following subsections, we 
briefly review the new drugs for the treatment of obesity.

Liraglutide 3.0 mg
The 3.0  mg dose of liraglutide was first approved in 
December 2014 for the treatment of obesity in the United 
States of America, being a higher dose than that already 
approved for second-line treatment of T2D [34].

Astrup et  al. [35] reported a placebo-controlled 
20-week trial, with orlistat as an active comparator. 
Patients (n =  564, BMI 30–40  kg/m2) were assigned to 
the following liraglutide doses: 1.2, 1.8, 2.4 and 3.0  mg 
(n = 90–95) or to placebo (n = 98) administered once a 
day (QD) subcutaneously, or to orlistat (120 mg; n = 95) 
3 times a day orally. Additionally, participants had a 
500  kcal per day energy-deficit diet and increased their 
physical activity. Weight change was analysed by inten-
tion to treat (ITT) and was the primary endpoint. An 
84-week open-label extension followed. As shown in 
Fig.  2, liraglutide-induced a weight loss significantly 
higher than did placebo (P = 0.003 for liraglutide 1.2 mg 
and P  <  0.0001 for liraglutide 1.8–3.0  mg) or orlistat 
(P = 0.003 for liraglutide 2.4 mg and P < 0.0001 for lira-
glutide 3.0  mg). Mean weight loss with liraglutide 1.2–
3.0 mg was 4.8, 5.5, 6.3, and 7.2 kg compared with 2.8 kg 
with placebo and 4.1 kg with orlistat, and was 2.1 kg (95% 
CI 0.6–3.6) to 4.4 kg (2.9–6.0) greater than that with pla-
cebo. More individuals (76%, n = 70) lost more than 5% 
weight with liraglutide 3.0  mg that with placebo (30%, 
n = 29) or orlistat (44%, n = 42). Liraglutide reduced BP 
at all doses and reduced the prevalence of pre-diabetes 
(84–96% reduction) with 1.8–3.0 mg per day (Fig. 3).
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In the phase 3 Scale Maintenance Study, obese/over-
weight individuals (≥18  years, BMI  ≥30  or  ≥27 kg/
m2 with comorbidities) who lost greater than or equal 
to 5% of initial weight during a low-calorie diet in a 
14  week-run-in were randomly assigned to liraglutide 
3.0 mg per day or placebo for 56  weeks. Diet and exer-
cise counselling were provided throughout the trial. 
Co-primary endpoints were the percentage of weight 
change from randomization, the proportion of par-
ticipants that maintained the initial weight loss greater 
than or equal to 5%, and the proportion that lost ≥5% of 
randomization weight. In addition to the mean weight 
loss of 6.0 ± 0.9% achieved by the 422 participants dur-
ing the run-in period, from randomization to week 56, 
weight decreased an additional mean of 6.2 ± 7.3% with 

liraglutide and 0.2  ±  7.0% with placebo (P  <  0.0001). 
More participants in liraglutide group (81.4%) main-
tained the proposed run-in weight loss, compared with 
those in placebo group (48.9%) (P  <  0.0001), and 50.5% 
vs. 21.8% of the participants lost ≥5% of randomization 
weight (P < 0.0001) [36].

In the SCALE Obesity and Pre-diabetes study, Pi-
Sunyer et  al. conducted a 56-week, double-blind trial 
including 3.731 patients without T2D and a BMI  ≥30  
or  ≥27 kg/m2 if they had dyslipidemia or hypertension 
[37]. Patients were allocated in a 2:1 ratio to receive once-
daily subcutaneous injections of liraglutide at a dose of 
3.0  mg (2.487 patients) or placebo (1.244 patients), and 
were advised on lifestyle changes. The co-primary end-
points were the variation in body weight and the propor-
tions of patients losing at least 5% and more than 10% of 
their initial body weight. Patients in the liraglutide group 
lost a mean of 8.4 ±  7.3  kg of body weight, and those 
in the placebo group lost a mean of 2.8 ± 6.5 kg (a dif-
ference of −5.6  kg; P  <  0.001). A total of 63.2% of the 
patients in the liraglutide group vs. 27.1% in the placebo 
group lost at least 5% of their body weight (P  <  0.001), 
and 33.1 and 10.6%, respectively, lost more than 10% of 
their body weight (P < 0.001, Fig. 4). There was a greater 
reduction in HbA1c, fasting glucose, and fasting insulin 
levels, as well as in plasma glucose levels during an oral 
glucose-tolerance test (OGTT) in the liraglutide rather 
than in the placebo group and higher insulin and C-pep-
tide levels relative to placebo during the OGTT. These 
effects were more noticeable in prediabetic patients than 
in normoglycaemic ones. At week 56, the prevalence of 
prediabetes was significantly lower in the liraglutide 
than in the placebo group and also T2D developed in 
more patients in the placebo than in the liraglutide group 
during the course of treatment [37]. These effects could 
probably be attributed to the combination of weight loss 
and improved glycemic control with liraglutide.

Systolic and diastolic BP decreased more in the lira-
glutide group than in the placebo group by week 56 and 
levels of fasting lipids, high-sensitivity C-reactive pro-
tein, plasminogen activator inhibitor-1, and adiponectin 
exhibited more improvement in the liraglutide group 
than in the placebo group [37]. Treatment with liraglu-
tide was linked with improvements in health-related 
quality of life, notably physical function, as compared 
with placebo [37].

Regarding adverse events, gastrointestinal events were 
the most common side effects and were reported more 
frequently with liraglutide than placebo. Nausea and 
vomiting occurred more often in individuals on liraglu-
tide than in those on placebo, mainly in the 4–8  weeks 
after initiation of treatment, but were mainly transient 
and rarely led to discontinuation of treatment [37].

Fig. 2  Change in body weight after treatment of obese individu-
als with four liraglutide doses (1.2, 1.8, 2.4, or 3.0 mg) or to placebo 
administered once a day subcutaneously, or orlistat (120 mg) three 
times a day orally. Data are mean (95% CI) for the ITT population with 
the last observation carried forward (LOCF) Adapted from Astrup et al. 
[35]

Fig. 3  Proportion of individuals with prediabetes in the ITT popula-
tion at randomisation and week 20. Individuals included are those 
with valid assessment at the start and the end of the 20-week trial 
period. *P = 0.007 vs placebo. †P = 0.008 vs orlistat. ‡P ≤ 0.0001 vs 
placebo or orlistat Adapted from Astrup et al. [35]
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Rare adverse effects consisted of pancreatitis (most 
gallstone-related pancreatitis), cholelithiasis and chol-
ecystitis. The positive predictive value of isolated lipase 
or amylase enzyme elevations for diagnosing pancrea-
titis was very low (<1% for a lipase value ≥3 times the 
upper limit of normal [ULN] range and among patients 
who had pancreatitis no one had amylase values  ≥3 

times the upper limit of the normal range [37]. Lipase 
may be elevated in asymptomatic obese (5%) and T2D 
(20%) patients already before treatment. In asymptomatic 
T2D patients, lipase levels can be greater than 2 times 
the ULN in 4.5% and 3 times the ULN in 2.1% of them 
[38]. In a report from the LEADER (Liraglutide Effect 
and Action in Diabetes: Evaluation of Cardiovascular 
Outcome Results) trial, nearly 25% of T2D patients had 
elevated lipase or amylase levels without symptoms of 
acute pancreatitis, before randomization to liraglutide or 
placebo [39]. Acute pancreatitis occurred in 18 patients 
in the liraglutide group and in 23 in the placebo group 
54 months after randomization [40].

Because of an increased incidence of thyroid C-cell 
tumours in rodents, the FDA states that liraglutide is con-
traindicated in those with a personal or family history of 
medullary thyroid cancer or multiple endocrine neopla-
sias (MEN) syndrome type 2. In the SCALE trial and also 
in the LEADER trial there were no cases of medullary 
thyroid carcinoma or C-cell hyperplasia and liraglutide 
treatment did not increase serum calcitonin concentra-
tions [37, 40]. A meta-analysis including 25 studies aimed 
to evaluate the risk of serious adverse events associated 
with liraglutide and exenatide in patients with T2D. 
Liraglutide did not increase the risk of acute pancreati-
tis (0.97 [95% CI 0.21–4.39]), cancer (1.35 [95% CI 0.70, 
2.59]), or thyroid cancer (1.54 [95% CI 0.40–6.02]) [41]. 
Pancreatitis seems to be associated with the onset of 
weight loss-induced gallstone formation [42].

The long-term cardiovascular outcome safety of lira-
glutide was formally evaluated in the LEADER trial, 
which randomized 9.340 T2D patients for treatment with 
liraglutide 1.8 mg or placebo for a period of up to 5 years. 
Liraglutide significantly reduced the risk of major adverse 
cardiovascular events, including death from cardiovascu-
lar causes, non-fatal myocardial infarction, or non-fatal 
stroke [40].

No weight‑loss related effects of liraglutide
It is suggested that liraglutide exerts cardioprotective 
effects. More detailed explanations regarding the car-
diovascular effects of GLP-1R agonists can be found 
in reviews authored by Saraiva and Sposito [43] and 
Drucker [44]. Moreover, this class of drugs has been 
showing protective effects in several different tissues, 
including brain [45]. The Imperial College of Science, in 
London, is conducting phase 2 trials for the treatment of 
patients with mild Alzheimer’s disease (ClinicalTrials.gov 
Identifier: NCT01469351).

Lorcaserin
Lorcaserin is a selective serotonin 2C receptor 
[5-hydroxytryptamine 2C (5-HT2C) receptor] agonist 

Fig. 4  Mean body weight loss and categorical weight loss in the 
SCALE Obesity and Pre-diabetes study. a The mean body weight 
for patients in the full-analysis set who completed each scheduled 
visit, according to presence or absence of prediabetes at screening. 
I bars indicate standard error, and the separate symbols above the 
curves represent the 56-week weight change using last-observation-
carried-forward (LOCF) imputation. Percentages of weight change in 
the liraglutide group were 8.0% with LOCF imputation and 9.2% for 
completers. In the placebo group, the changes were 2.6% with LOCF 
imputation and 3.5% for completers. The full-analysis set comprised 
patients who underwent randomization, were exposed to at least 
one treatment dose, and had at least one assessment after baseline 
(69 patients were excluded from the full-analysis set: 61 owing to lack 
of an assessment and 8 owing to no exposure). b The proportions 
of patients who lost at least 5%, more than 10%, and more than 15% 
of their baseline body weight. Data shown are the observed means 
for the full-analysis set (with LOCF). Findings from logistic-regression 
analysis showed an odds ratio of 4.8 (95% confidence interval [CI], 4.1 
to 5.6) for at least 5% weight loss and an odds ratio of 4.3 (95% CI, 3.5 
to 5.3) for more than 10% weight loss; the analysis of more than 15% 
weight loss was performed post hoc (odds ratio, 4.9 [95% CI, 3.5 to 
6.7]) Adapted from Pi-Sunyer et al. [37]
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that acts on the hypothalamus (Fig.  1) to increase 
satiety [46]. The FDA approved lorcaserin in 2012 at 
a dose of 10 mg twice daily (BID) for long-term treat-
ment of obesity based on the results of three key 
randomized clinical trials. The BLOOM (Behavio-
ral Modification and Lorcaserin for Overweight and 
Obesity Management) study was a double-blind clini-
cal trial, with 3.182 obese or overweight adults to 
receive lorcaserin at a dose of 10 mg, or placebo, BID 
for 52 weeks, besides diet and exercise counselling. At 
week 52, patients in the placebo group continued to 
receive placebo but patients in the lorcaserin group 
were randomly reassigned to receive either placebo or 
lorcaserin. At 1 year, 47.5% of patients in the lorcaserin 
group and 20.3% in the placebo group had lost 5% or 
more of their body weight (P  <  0.001), corresponding 
to an average loss of 5.8 ±  0.2 kg with lorcaserin and 
2.2 ±  0.1  kg with placebo during year 1 (P  <  0.001). 
Among the patients who received lorcaserin during 
year 1 and who had lost 5% or more of their base-
line weight at 1 year, the loss was maintained in more 
patients who continued to receive lorcaserin during 
year 2 (67.9%) than in patients who received placebo 
during year 2 (50.3%, P < 0.001) [47].

The BLOSSOM (Behavioral Modification and Lor-
caserin Second Study for Obesity Management) was a 
1-year randomized placebo-controlled, double-blind, 
parallel arm trial that included 4008 obese and over-
weight patients. Patients were randomly assigned in a 
2:1:2 ratio to receive lorcaserin 10  mg BID, lorcaserin 
10  mg QD, or placebo. All patients received diet and 
exercise counseling. Significantly more patients treated 
with lorcaserin 10  mg BID and QD lost at least 5% of 
baseline body weight (47.2 and 40.2%, respectively) as 
compared with placebo (25.0%, P  <  0.001 vs. lorcaserin 
BID). Least squares mean (95% confidence interval) 
weight loss with lorcaserin BID and QD was 5.8% (5.5–
6.2%) and 4.7% (4.3–5.2%), respectively, compared with 
2.8% (2.5–3.2%) with placebo (P  <  0.001 vs. lorcaserin 
BID; least squares mean difference, 3.0%). Weight loss of 
at least 10% was achieved by 22.6 and 17.4% of patients 
receiving lorcaserin 10 mg BID and QD, respectively, and 
9.7% of patients in the placebo group (P < 0.001 vs. lorca-
serin BID) [48].

The BLOOM-DM (Behavioral Modification and Lor-
caserin for Obesity and Overweight Management in 
Diabetes Mellitus) study evaluated efficacy and safety of 
lorcaserin for weight loss in T2D patients. This 1-year, 
randomized, placebo-controlled trial enrolled 604 
patients 1:1:1 to placebo, lorcaserin 10 mg QD or lorca-
serin 10 mg BID and received diet and exercise counsel-
ling. Lorcaserin significantly increased the proportion of 
patients achieving ≥5% body weight loss from baseline to 

week 52 relative to placebo (Fig. 5). Using modified ITT 
(mITT) with last-observation-carried-forward (LOCF) 
imputation, 37.5% of patients on lorcaserin BID, 44.7% 
on lorcaserin QD, and 16.1% of patients on placebo 
lost at least 5% (P  <  0.001), while 16.3, 18.1, and 4.4%, 
respectively, lost at least 10% of baseline body weight 
(P < 0.001). The weight reduction remained significantly 
greater in the lorcaserin groups than in the placebo 
group throughout the study (Fig. 5). Similar results were 
obtained when data from the subgroup of patients who 
completed the 52-week trial were analyzed (the com-
pleter population) [49].

The analysis of pooled data from the BLOOM and 
the BLOSSOM studies showed that at week 52, more 
than twice as many lorcaserin-treated patients achieved 
a weight loss of ≥5% compared with placebo. A signifi-
cantly greater proportion of lorcaserin-treated patients 
achieved a weight loss of ≥10% (lorcaserin, 22.4%; pla-
cebo, 8.7%). There were also clinically relevant improve-
ments in cardiometabolic parameters, with significant 
improvements in lipid parameters, glycemic indicators, 
quality-of-life measures, and vital signs in the lorcaserin 
group compared with placebo [50].

At first, some possibly serious safety concerns about 
lorcaserin have been pointed out, mostly a numerical 
disproportion in the incidence of valvulopathy. That 
was worrisome, provided that the weight-loss drugs 
fenfluramine and dexfenfluramine, activating 5-HT2B 
receptors on interstitial heart cells, were removed from 
the market in 1997 owing to an association with val-
vulopathy. Integrated data analysis from 3 phase 3 tri-
als with 5249 obese and overweight patients treated 
with 10  mg lorcaserin BID or placebo was 52  weeks 
showed that the relative risk of valvulopathy in lorca-
serin-treated participants as compared with the pla-
cebo group, was 1.16 (95% CI, 0.81–1.67). These results 
may be partially influenced by greater weight loss in 
the lorcaserin group than in the placebo group. Even 
though not statistically significant, the 16% increase in 
the risk gave cause for some concern [51]. Neverthe-
less, in  vitro receptor assays revealed that lorcaserin 
has a very much greater selectivity for the 5-HT2C than 
for the 5HT2B receptor and would not be expected to 
increase the risk of valvulopathy in humans [52].

The most common adverse events of lorcaserin are 
headache, nausea, dizziness, fatigue, dry mouth, and 
constipation, but otherwise, it is well tolerated [48, 50]. 
In patients on concomitant use of selective serotonin 
re-uptake inhibitors (SSRIs), lorcaserin can theoretically 
increase the risk of serotonin syndrome [53, 54].

The value of lorcaserin seems to be on its safety and 
tolerability, but not on the magnitude of the weight loss. 
Its efficacy was marginal according to the FDA efficacy 
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standard for weight loss medications (the first bench-
mark, treated patients met a mean weight loss at least 5% 
greater than that of patients receiving placebo was not 
achieved in any study, but it met the second benchmark, 
with over 35% of subjects losing 5% or more of their base-
line weight) [54].

Phentermine/topiramate combination
The combination of phentermine (PHEN) and con-
trolled-release topiramate (TPM CR) is indicated for 
long-term treatment of obesity. Phentermine acts to 
reduce appetite through increasing norepinephrine 
in the hypothalamus and TPM may reduce appetite 
through its effect on GABA receptors (Fig. 1) [55]. The 
combination comprises lower doses of PHEN than the 
ones used as single agent (3.75 mg in the starting dose, 
7.5  mg in the recommended dose and 15  mg in the 
full dose). The doses of TPM CR (23 mg in the start-
ing dose, 46 mg in the recommended dose and 92 mg 
in the full dose) are also lower than the ones used for 
migraine prophylaxis or seizures control [55].

In the EQUIP trial, obese subjects were randomized 
to placebo, PHEN/TPM CR 3.75/23 mg, or PHEN/TPM 
CR 15/92  mg, added to a reduced-energy diet. Regard-
less of analysis used, patients in the 15/92 group lost sig-
nificantly (P  <  0.0001 for all comparisons) more weight 
than patients in the 3.75/23 group who in turn lost sig-
nificantly more weight than patients receiving placebo 
(Fig.  6). Patients in the placebo, 3.75/23, and 15/92 
groups lost 1.6, 5.1, and 10.9% of baseline body weight, 
respectively, at 56 weeks. Proportions of patients achiev-
ing 5% weight loss were 17.3% of placebo patients, 44.9% 
of 3.75/23 patients, and 66.7% of 15/92 patients [56].

The CONQUER trial included overweight or obese 
patients with a BMI of 27–45  kg/m2  and at least two 
metabolic syndrome comorbidities. Of 2.487 patients, 
994 were assigned to placebo, 498 to PHEN 7.5 mg plus 
TPM 46.0  mg, and 995 to PHEN 15.0  mg plus TPM 
92.0  mg. The combination PHEN/TPM CR promoted 
weight losses approaching 10%. The extension for the 
second year of observation was called SEQUEL [57], with 
patients keeping their treatment regimen. At the end of 

Fig. 5  Categorical body weight change and mean body weight loss in the BLOOM-DM trial. a Proportion of patients who lost ≥5 or ≥10% of 
body weight from baseline to week 52 using the modified intent to treat (MITT) population (left panel) or the completers population (right panel). 
Lorcaserin 10 mg BID red bars; lorcaserin 10 mg QD blue bars; placebo green bars. Values are proportion ± 95% confidence interval. *P < 0.001 as 
compared to placebo. b Percent change in body weight from baseline to each study visit, using the MITT population (left panel) or the completers 
population (right panel). Lorcaserin 10 mg BID red triangles with solid line; lorcaserin 10 mg QD blue circles with dashed line; placebo green diamonds 
with dashed line. Values are mean ± SEM. BID, twice daily; QD, once daily Adapted from O’Neil et al. [49]
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2 years, patients completing the trial taking 7.5 mg/46 mg 
maintained a weight loss of 9.3% below baseline and 
those on the higher doses maintained a 10.5% weight loss 
from baseline [58].

In the EQUIP, CONQUER and SEQUEL studies, 
improvements in risk factors were related to the amount 
of weight loss, with the greater benefit being observed 
with greater weight loss. The most commonly observed 
side effects in these clinical trials were paresthesias, 
cognitive impairment, dizziness, dysgeusia, insomnia, 
constipation, metabolic acidosis and dry mouth. Glau-
coma is a rare side effect of TPM, and the drug is con-
traindicated when this condition is present [53]. During 
the 2-year period in the CONQUER/SEQUEL study, the 
incidence of reported psychiatric anxiety-related adverse 
events was dose-related: 3.1, 6.5, and 9.5% for placebo, 
7.5/46, and 15/92 arms, respectively. Potentially seri-
ous safety concerns regarding PHEN/TPM CR included 
teratogenicity (orofacial cleft) [59] and elevations in rest-
ing heart rate [58]. Subsequently, the approval of PHEN/
TPM CR demanded a risk evaluation and mitigation 
strategy (REMS). This included a medication guide, a 
patient brochure, a formal training program for prescrib-
ers (both the brochure and the program inform about 

the teratogenic risk and stress the need for women with 
reproductive potential to use effective forms of contra-
ception and also recommend pregnancy testing before 
initiating treatment and monthly during the follow-up) 
and authorized only especially accredited drugstores 
to dispense PHEN/TPM CR [54]. The drug’s labeling 
advises frequent heart rate monitoring and not to use in 
patients with recent or unstable cardiac or cerebrovas-
cular disease since the combination has not been inves-
tigated in this particular patient cohort. It is worth to 
emphasize that the effect on weight loss observed with 
this combination is the result of the administration of 
two active pharmaceutical ingredients.

Naltrexone/bupropion sustained‑release (SR)
Naltrexone is an opioid receptor antagonist with mini-
mal effect on weight loss on its own. Bupropion reduces 
food intake by acting on adrenergic and dopaminergic 
receptors in the hypothalamus. Even so, the association 
of both has shown a synergistic effect. Bupropion stim-
ulates the cleavage of POMC and at the same time that 
increases the agonism of melanocortin-4 receptor by 
releasing α-MSH. Simultaneously, other cleavage product 
of POMC, ß-endorphin induces a negative autologous 

Fig. 6  Mean weight loss, categorical weight loss, and percent weight loss by baseline BMI category in the EQUIP trial. Efficacy results are shown 
with analysis A (prespecified ITT/LOCF). a Mean percent weight loss; b Patients achieving ≥5, ≥10, and ≥15% WL; c LS mean percent weight loss 
by baseline BMI category. Error bars represent 95% confidence interval. ITT, intent-to-treat; LOCF, last observation carried forward; LS, least-squares; 
PHEN/TPM CR, controlled-release phentermine/topiramate Adapted from Allison et al. [56]
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feedback loop in the POMC neuron itself when it binds 
at the μ opioid receptor, reducing neuronal activity. The 
ß-endorphin opioid-mediated effect is blocked by the 
opioid receptor antagonist naltrexone, which amplifies 
the effect of α-MSH to reduce food intake (Fig. 1) [60].

The four 56-week placebo-controlled, randomized 
COR (Contrave Obesity Research) trials [COR-I, COR-
II, COR–Behaviour Modification (COR-BMOD), and 
COR-Diabetes (COR-D)] assessed the efficacy of nal-
trexone/bupropion SR [61–64]. In overweight and obese 
patients without T2D, the placebo-subtracted weight 
loss ranged from 4.2% in the COR-BMOD to 4.8% in 
the COR-I trial using the highest dose (32 mg/360 mg) 
of naltrexone/bupropion SR. In patients with T2D, as 
always, the placebo-subtracted weight loss was less 
effective [61, 63]. The COR-II trial was a phase 3 study 
that involved 1.496 patients with overweight or obe-
sity with controlled hypertension and/or dyslipidemia. 
Patients were randomized in a 2:1 fashion to 32 mg/day 
naltrexone SR plus 360 mg/day bupropion SR (NB32) or 
placebo for up to 56 weeks. In the mITT-LOCF popula-
tion, weight loss was significantly greater for NB32 ver-
sus placebo at week 28 (6.5% vs. 1.9%; P < 0.001). Weight 
loss was maintained with continued double-blind treat-
ment in the NB32 group through week 56 (6.4% vs. 1.2; 
P  <  0.001). NB32 was associated with a significantly 
larger proportion of participants achieving 5, 10, and 
15% weight loss in the mITT-LOCF population versus 
placebo at weeks 28 and 56 (Fig. 7). Treatment also was 
linked to significant improvements in control of eating, 
weight-related quality of life, and cardiovascular risk 
factors.

The most common adverse effects of this combina-
tion were nausea, constipation, headache, vomiting, and 
dizziness. Bupropion has the potential of increasing the 
risks for suicidality and for neuropsychiatric symptoms. 
Nausea and vomiting were the adverse effects that led to 
a dropout rate of almost 50% in the clinical studies. To 
improve tolerability, the tablets are presented in a com-
bination of 90 mg bupropion SR and 8 mg naltrexone SR, 
allowing titration with progressive increase of 1 tablet 
every week until a final total dose of 2 tablets BID [64].

The weight loss achieved at 1  year with the naltrex-
one/bupropion combination was intermediate between 
PHEN/TPM CR and lorcaserin and associated with 
improvement in risk factors. However, the decline in 
blood pressure is not as great as one would expect from 
the weight loss in the phase 3 trials of naltrexone/bupro-
pion [53].

Table  1 summarizes contraindications, drug interac-
tions, common adverse effects and stopping rules of 
liraglutide, lorcaserin, phentermine/topiramate and nal-
trexone/bupropion [65–68].

Conclusion
Obesity is a chronic, progressive, multifactorial disease 
determined by genetic and environmental factors; its 
complex pathophysiology and the intrinsic difficulties 
associated with maintenance of lifestyle modifications 
contribute to the unsatisfactory long-term outcomes 
observed in the obesity treatment. Just as with other 
chronic diseases, pharmacological interventions are use-
ful to maximize non-pharmacological approaches in the 
long-term management of this condition.
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Fig. 7  Mean weight loss and categorical weight loss in the COR-II trial. a Percent weight loss (observed; LS mean ± SE) by visit in the week 28 
and 56 completers (NB32 data are weighted for weeks 32–56), and percent weight loss for the week 28 and 56 mITT-LOCF subjects. b Categorical 
weight loss in week 28 and 56 mITT-LOCF and completers. ***P < 0.001 for NB32 vs. placebo. mITT analysis: prespecified modified intent-to-treat 
population composed of all randomized participants with a baseline weight and ≥1 post-baseline weight on study drug (+1 day post-last dose); 
LOCF: missing data were imputed by carrying forward the last observation on study drug; completers: participants who completed 28 or 56 weeks 
of treatment Adapted from Apovian et al. [62]
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