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ABSTRACT

Aims: To describe the treatment of obesity from ancient times to present day.

Methods: Articles reporting the development of anti-obesity therapies were identi-

fied through a search for ‘anti-obesity’ AND ‘pharmacotherapy’ AND ‘development’

within the title or abstract on PubMed and ‘obesity’ in ClinicalTrials.gov. Relevant

articles and related literature were selected for inclusion. Results: Stone-age minia-

ture obese female statuettes indicate the existence and cultural significance of obe-

sity as long as 30,000 years ago. Records from Ancient Egyptian and Biblical eras

through Greco-Roman to Medieval times indicate that obesity was present through-

out the major periods of history, although peoples of previous centuries would

probably have experienced overweight and obesity as exceptional rather than nor-

mal. Health risks of obesity were noted by the Greek physician Hippocrates (460–

377 BCE) when the earliest anti-obesity recommendations on diet, exercise, lifestyle

and use of emetics and cathartics were born. These recommendations remained lar-

gely unchanged until the early 20th century, when spreading urbanisation, increas-

ingly sedentary jobs and greater availability of processed foods produced a sharp

rise in obesity. This led to the need for new, more effective, ways to lose weight,

to address comorbidities associated with obesity, and to attain the current cultural

ideal of slimness. Drug companies of the 1940s and 1950s produced a series of

anti-obesity pharmacotherapies in short succession, based largely on amphetamines.

Increased regulation of drug development in the 1960s and new efficacy require-

ments for weight-loss drugs led to rapid reduction in anti-obesity therapies available

by the early 1990s. Conclusion: In the last two decades, several new and emerg-

ing therapies have been approved or are in development to provide safe, long-term

pharmacological agents for the treatment of obesity.

Review criteria
Articles reporting on the development of anti-obesity

therapies from ancient times to the present day in

human studies were identified through an English

language search for ‘anti-obesity’ AND

‘pharmacotherapy’ AND ‘development’ within the

title or abstract on PubMed and ‘obesity’ in

ClinicalTrials.gov. Relevant articles and related

literature were selected for inclusion.

Message for the clinic
The health risks of obesity have been noted since the

time of Hippocrates, but treatments remained largely

unchanged until the sharp rise in obesity in the 20th

century created a growing need for effective

therapies. Initial amphetamine-based therapies

developed around the 1950s were discontinued due

to safety issues, and it is only in the last 20 years

that effective pharmacological agents with

acceptable safety profiles have become available.

Background

Although the global obesity epidemic is a relatively

new phenomenon, obesity per se is known to have

existed tens of thousands of years ago, as evidenced

by artefacts such as the Venus of Willendorf (1) and

the Venus of Hohle Fels (2). The Neolithic period

has also yielded numerous statuettes portraying obe-

sity, notably the ‘Mother Goddess’ artefacts found in

Anatolia (modern Turkey) and Malta (3,4). Studies

of the reconstructed skin folds of royal mummies

from ancient Egypt indicated that several were obese,

including King Ramses III and Queen Inhapy (4).

However, in contrast to today, obesity in centuries

past was likely to be exceptional rather than normal.

Within the last few decades, the increasing occur-

rence of obesity has led to progress towards pharma-

cological treatment options for weight loss. This

article describes how obesity has been viewed over

the centuries, and focuses on how treatments for

weight loss have changed throughout these times.

Methods

A search was conducted in PubMed in May 2015 for

articles in humans that related to anti-obesity thera-

pies from ancient times to the present day. The

search was conducted using the terms ‘anti-obesity’

AND ‘pharmacotherapy’ AND ‘development’. The

results were limited to English language studies in

humans, which yielded 344 articles. Abstracts were

reviewed and those reporting on the development of

specific obesity pharmacotherapies were selected.

Relevant articles and related literature were selected

for inclusion in the review. Additional references

were identified from the bibliography of selected
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articles and subsequent publications, including Inter-

net articles and book chapters identified by the

author. Up to and including May 2015, Clinical

Trials.gov was searched for the status of ongoing tri-

als relating to anti-obesity pharmacotherapies, and

updates on relevant compounds were added to the

review.

Observations and attitudes to obesity from
ancient times to now
There is evidence that obesity was present, (although

rare) during Biblical times (around 3500 years ago)

(5), and while today we understand that obesity is

associated with elevated rates of diabetes, cardiovas-

cular and metabolic disease and some musculoskele-

tal disorders and cancers (6,7), an appreciation of

the dangers of obesity only began to be understood

around 500 BCE. At this time, the Indian physician,

surgeon and teacher Sushruta described the disease

‘Madhu-meha’, which caused ‘a sweet taste and smell

like that of honey’ in patients. Sushruta wrote,

somewhat prophetically, that ‘Madhu-meha’ was

associated with either a congenital defect, whereby

patients would be emaciated, suffer a dryness of the

body, excess thirst and loss of appetite, or with an

‘injudicious’ diet, whereby symptoms would include

‘obesity, voracity, gloss of the body and increased

soporific tendency’ (8), known today as type 1 and

type 2 diabetes, respectively.

The Ancient Greeks were aware of obesity as a

health risk, causing for instance irregular menses and

infertility in women (4). Greek physician and teacher

Hippocrates (460–377 BCE) based the workings of

the human body on the four internal humours (9),

noting that premature death was more common in

people who were fat than lean. He wrote, ‘it is very

injurious to health to take in more food than the

constitution will bear, when, at the same time, one

uses no exercise to carry off this excess’ (9). The

prominent Roman physician, surgeon and philoso-

pher Galen (129–200 CE) made reference to the

polysarkos (morbidly obese) person, a description

derived from poly (much) and sarka (flesh). A

polysarkos ‘cannot walk without sweating, cannot

reach when sitting at the table because of the mass

of his stomach, cannot breathe easily, cannot give

birth, cannot clean himself’ (10).

With the emergence of Christianity in Europe, the

belief grew that illness was because of sin and was

therefore punishment from God. During this period,

obesity was common among the elite, and signified

wealth (11); however, gluttony was considered one of

the ‘seven deadly sins’ of the Catholic Church

(12,13). In contrast to Europe, the Islamic empire of

Southwest and Central Asia contributed greatly to

medical progression during this time. Avicenna, a

prominent figure of the Arabic medical tradition,

referred to obesity and T2D in his early 12th-century

medical encyclopaedia, describing ‘the sweet taste of

diabetic urine’ (4).

By the 1700s in Europe, attitudes towards obesity

started to change again, with Scottish physician

George Cheyne advocating exercise, fresh air, the

‘Waters of Bath’ and abundant vegetables to curb

obesity. Similarly, in the 1800s, Army physician John

Rollo and Royal undertaker William Banting recom-

mended low-carbohydrate, high-protein diets to curb

obesity, embraced today by programmes such as the

Atkins diet.

In modern times, even with the negative societal

and medical opinions of obesity, the prevalence of

obesity continues to rise: 600 million adults were

classified as obese globally in 2014 (14). This may

reflect behavioural changes, particularly the easy

availability and consumption of high-calorie food, as

well as an increasingly sedentary lifestyle.

Historical treatments for obesity
Recommendations for obesity treatment can be

traced back to Ancient Greek and Roman times.

Physicians around Hippocrates’ time suggested that

overweight individuals should ‘reduce food and

avoid drinking to fullness’, and take regular exercise,

particularly ‘running during the night’ and ‘early-

morning walks’ (15).

Several also recommended emetics and cathartics

– some of the earliest weight-loss drugs. Emetics

including hellebore plants and honey water, were

advised ‘for the evacuation of the nourishment two

or three times a month to all men and women’.

Cathartics were composed, for example, of juice of

scammony (bindweed), Cnidian berry and sea

spurge. Mild laxatives included donkey milk with

honey, wild parsley, dodder of thyme (Cuscuta

epithymum) and honey water or sweet wine (15).

The writings of Aelianus (170–235 CE) reported the

use of perhaps the earliest sleep apnoea treatment,

whereby physicians ‘prepared very long, thin needles

and pushed them through the hips and belly of

[Ancient Greek statesman] Dionysius when he had

fallen into a deep sleep’ (16).

Galen recorded treatments for obesity that

included strenuous running every morning followed

by a warm bath, a light meal and more physical

work (17). Sushruta recommended physical work

and described additional remedies for obesity such as

‘fasting, exercise and depletory measures’ (8). In the

1620s, British doctor Tobias Venner first used the

term ‘obese’ to describe people who were very over-

weight, and recommended bathing in the warm
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springs of Bath ‘to make slender such bodies as are

too gross’. The modern era of pharmacotherapy

arguably began in the late 19th century, when prepa-

rations of thyroid hormone, extracted for use in the

treatment of hypothyroidism, were also prescribed as

anti-obesity therapy, largely due to their thermogenic

properties (18).

Early in the 20th century, obese individuals began

to search for effective remedies, to reach the societal

ideal of slimness; manufacturers preyed upon their

na€ıvet�e with a vast range of quack remedies (19).

‘Fatoff’ was marketed for overweight and obesity,

despite containing the ineffective ingredients 10%

soap and 90% water (20). Likewise, the product

‘Human-Ease’, marketed as a cure for obesity and

‘all known diseases’ was later found to consist of

95% lard (20).

Anti-obesity pharmacotherapies in modern
times

Dinitrophenol
Used in 1933 as one of the first anti-obesity therapy

therapies, 2-4 dinitrophenol (DNP) was found to

cause weight loss by uncoupling oxidative phospho-

rylation, leading to a heightened metabolic rate and

increased fat metabolism (21). In its first year, DNP

was used by 100,000 individuals in the USA alone

(22). However, by 1938, toxic hyperthermic effects

were noted and the drug was discontinued.

Amphetamines
In the 1940s and 1950s, amphetamines became the

primary drugs for obesity treatment. Amphetamines

act on hypothalamic receptors to release nore-

pinephrine and, to a lesser extent, dopamine and

serotonin, increasing central nervous system (CNS)

activity and resting energy expenditure, and decreas-

ing appetite and food intake, thus leading to weight

reduction (23). From 1945 to 1962, the US Food and

Drug Administration (FDA) approved several

amphetamine-based drugs for treatment of obesity as

an adjunct to diet and exercise. In 1944, one version

of desoxyephedrine (methamphetamine), manufac-

tured by Endo Products (Garden City, NY, USA)

was approved for the treatment of obesity as an

adjunct to lifestyle modification (24). However, in

1946, the FDA questioned the wisdom of prescribing

this type of drug for weight loss beyond its original

purpose of treating narcolepsy, mild depression, hay

fever and chronic alcoholism, and the potential to

cause harm by its addictive properties (24). Further

supporting evidence was then presented in 1947

upon which the FDA confirmed the approval of the

first version of desoxyephedrine from Endo Products,

as well as a second version from Abbott Laboratories

(Abbott Park, IL, USA) (24).

To reduce the addictive potential of the ampheta-

mine-based anti-obesity drugs, analogues were

developed with varying dopamine and serotonin

receptor specificities. In 1956, phenmetrazine, was

developed by Ciba Geigy Corp. (Ardsley, NY, USA)

(25) and was followed in 1959 bydiethylpropion

(Merrell National Drug; Cincinnati, OH, USA) (26),

benzphetamine (Upjohn, Kalamazoo, MI, USA) (24)

and phendimetrazine (Averst, McKenna & Harrison

Ltd., Montreal, QC, Canada) (27).

Another option for amphetamines in affecting

weight loss in the 1950s was to combine them with a

barbiturate, which acts as a CNS depressant by

allosterically modifying and prolonging the action of

the inhibitory neurotransmitter gamma-aminobutyric

acid (GABA)A receptor, thus providing a solution to

the frequent agitation associated with amphetamine

use. Some of the best known combinations of the

time (now discontinued) included a combination of

dextroamphetamine and amobarbital [Smith, Kline

and French (now GlaxoSmithKline), London, UK];

methamphetamine and pentobarbital (Abbott

Laboratories; Abbott Park, IL, USA); and metham-

phetamine and phenobarbital (Robin Pharmaceuti-

cals Ltd, Auckland, New Zealand) (28).

In 1959, phentermine, an important amphetamine

analogue still in use today in the USA for short-term

treatment of obesity, was developed by Strasenburgh

Laboratories (Rochester, NY, USA). At clinical doses,

phentermine causes dopamine and serotonin

[5-hydroxytryptamine (5-HT)] neurotransmitter

release, although to a lesser extent than nore-

pinephrine release (29). Phentermine thus has a

lower potential for addiction than other ampheta-

mine-based therapies, shown in an intervention trial

in which withdrawing phentermine from patients

accustomed to long-term use for weight loss (up to

21 years) did not result in drug cravings (30).

In 1962, the Kefauver–Harris amendment to the

US Food, Drug and Cosmetic Act was passed in

Congress, mandating the provision of substantial

evidence of efficacy for all new drug applications

(NDAs) (31), which includes those of obesity. At

the same time, obesity drugs approved prior to

1962 became subject to the ‘Drug Efficacy Study’,

whereby the FDA called upon the National Research

Council of the National Academy of Sciences to

investigate efficacy and safety of previously

approved drugs and categorise them as ‘effective’,

‘effective but’ (possibly efficacious, but other, more

efficacious or safer drugs were available), ‘probably

effective’, ‘ineffective’ or ‘ineffective as a fixed com-

bination’ (32).
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As a result of the Kefauver–Harris amendment, it

was 1973 when the FDA finally approved the market-

ing of three amphetamine-based drugs for weight loss:

fenfluramine (Robins Co., Richmond, VA, USA),

mazindol (Sandoz Pharmaceuticals, East Hanover, NJ,

USA) and chlorphentermine (Warner Chilcott, Morris

Plains, NJ, USA) (24). However, safety concerns

regarding the addictive potential of these drugs were

never fully countered and, in 1977, all approved

amphetamine-derived anti-obesity drugs were

restricted to short-term use (a few weeks) and became

subject to label warnings regarding the risk of addic-

tion (24). Largely due to these further restrictions, the

development and use of amphetamines for obesity

treatment began to decline until 1992, when a weight-

loss trial involving 121 patients treated with a combi-

nation of low-dose phentermine and fenfluramine

demonstrated average weight loss of 15.9% from base-

line over 34 weeks with no major safety concerns dur-

ing a follow-up period of up to 4 years’ treatment

(33,34). These findings generated new and dramatic

interest in amphetamines for weight loss and kick-

started the 1990s ‘Phen–Fen period’.

Meanwhile, the FDA published a landmark guide-

line in the mid-1990s stipulating that any newly

developed weight-loss drug should be able to

promote a statistically significant difference in weight

loss from baseline of at least 5% compared with

placebo after 1 year. Alternatively, the proportion of

subjects who lose at least 5% of baseline body weight

in the treatment group is at least 35%, is approxi-

mately twice the proportion in the placebo-treated

group and the difference between groups is statisti-

cally significant (35). In Europe, the Council Regula-

tion European Executive Committee also established

the European Medicines Evaluation Agency (EMA)

which re-established the Committee on Proprietary

Medicinal Products to formulate the opinion of the

EMA on questions regarding the submission of

NDAs (36).

In 1996, an NDA in the USA for dexfenfluramine,

an isomer of fenfluramine, was approved following a

52-week trial; however, safety concerns were present,

because of animal studies linking dexfenfluramine to

neurotoxicity (37) and human epidemiological stud-

ies linking it to primary pulmonary hypertension

(38). Thus, with some reservation, and under tight

control, dexfenfluramine was finally approved by the

FDA in 1996, and only indicated for patients with

body mass index (BMI) ≥ 30 kg/m2 or ≥ 27–30 kg/

m2 if comorbidities such as hypertension, T2D or

dyslipidaemia were present (24). If weight loss of at

least 1.8 kg did not occur in the first month, treat-

ment was to be discontinued; prominent package

labelling warned that taking the drug for longer than

3 months posed an increased risk for pulmonary

hypertension.

Dexfenfluramine use became widespread, with up

to 85,000 prescriptions being dispensed weekly after

the first year of approval. However, 6 months later, a

spate of unusual cases of left-sided heart-valve degen-

eration in patients using dexfenfluramine resulted in

its rapid withdrawal and subsequent restriction of

Phen–Fen use. An article published soon afterwards

indicated an increased risk of valvular heart disease

with both dexfenfluramine and fenfluramine use

(39), leading to a large number of lawsuits arising

over possible dexfenfluramine-associated valvulopa-

thy deaths. These lawsuits were resolved with some

of the largest litigation pay-outs ever seen in the

pharmaceutical industry, with individual amounts

of up to US$200,000 and a total value of ~US
$14 billion (40).

Unlike fenfluramine and dexfenfluramine, phenter-

mine was not withdrawn from the market at that

time. Further to its initial approval in 1959, short-

and long-acting forms of phentermine HCl were

both approved in 1970 and are still in use today for

short-term weight management only in countries

where it is approved for use. A meta-analysis of six

randomised trials lasting 2–24 weeks demonstrated

that phentermine-treated patients lost an average of

6.3 kg of additional weight compared with a 2.8 kg

weight loss with placebo (41). Currently marketed by

Medeva Pharmaceuticals (Leatherhead, UK) and Gate

Pharmaceuticals (North Wales, PA, USA), recent

trials also indicate that phentermine can result in

weight loss of up to 7.2–8.1 kg vs. 1.7–1.9 kg with

placebo over 12–14 weeks with mild-to-moderate

and transient dry mouth and insomnia as the most

commonly reported adverse events (42,43).

Although phentermine is not highly addictive, it is

still classed as a controlled substance (Schedule IV

drug) and is only recommended for short-term use,

thereby limiting its capabilities for clinically obese

patients. Long-term use has only been approved

when used in combination with other weight-loss

medications.

Amphetamine derivatives
Sibutramine (Abbott Laboratories) was approved for

weight loss in the USA and Canada in 1997, and in

Europe in 1999. Unlike previous amphetamine-based

drugs, sibutramine acts as a sympathomimetic,

blocking neuronal uptake of any released serotonin

and norepinephrine, thereby prolonging stimulation

of peripheral beta-adrenergic receptors to induce

satiety (44–46).
Sibutramine underwent several years’ development

in clinical trials, involving 46 studies and 9303 over-
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weight or obese patients, 5812 (62%) of whom

received sibutramine treatment. Trials reported

consistently efficacious weight loss with a mean pla-

cebo-subtracted weight loss of 4.2 kg over 12 months

(47). Safety concerns included elevations in systolic

and diastolic blood pressure and heart rate, even in

normotensive patients (48). Approval of sibutramine

in 1997 was conditional on its clear contraindication

in patients with history of coronary heart disease,

stroke, congestive heart failure, arrhythmia or uncon-

trolled hypertension. Safety concerns over

sibutramine post licensure were initially voiced in

Belgium in 1999, where increased blood pressure and

heart rate were reported in a substantial number of

users. As a result of this, the EMA’s Committee for

Medicinal Products for Human Use (CHMP)

reviewed the safety and efficacy of sibutramine,

concluding that the marketing authorisation for sibu-

tramine could be maintained, on condition that a

clinical study should evaluate its impact on cardio-

vascular risk factors and 6-monthly Periodic Safety

Update Reports (PSURs) would be available for

review. An unusual number of adverse cardiovascular

events with sibutramine were reported in Italy in

2002, leading to its temporary suspension there,

followed by initiation of a large formal European

safety study to fully assess its cardiovascular risk

profile. As part of this ongoing safety assessment, the

5-year long SCOUT trial was started in 2005, which

randomised 9804 subjects to sibutramine or placebo

for a period of over 3 years. Unlike the previous

phase II and III trials, SCOUT specifically enrolled

subjects with cardiovascular disease, high risk of

cardiovascular events, high BMI, cerebral vascular

disease, peripheral artery disease or T2D with an

additional cardiovascular risk factor, to increase the

number of adverse events that caused cardiovascular

harm (49). However, the expected rate of cardiovas-

cular events (anticipated at ~7%) was not achieved;

thus the trial was extended and restricted to three

groups only: those with T2D alone, those with car-

diovascular disease alone and those with both T2D

and cardiovascular disease (highest risk group).

In sibutramine-treated patients, the overall hazard

ratio (HR) for cardiovascular events was found to be

significantly increased {1.16 [95% confidence interval

(CI): 1.03–1.31; p = 0.02]}, although the increased

risk of cardiovascular events was not significantly dif-

ferent when the three defined subject groups were

considered individually [T2D alone, 1.01 (95% CI:

0.74–1.38), cardiovascular disease alone, 1.28 (95%

CI: 0.92–1.78), T2D with cardiovascular disease, 1.18

(95% CI: 1.02–1.37)] (50). However, due to the

overall potential risk factors associated with this

drug, the FDA recommended that sibutramine be

withdrawn voluntarily from the US and Canadian

markets, a request complied with by Abbott Labora-

tories in October 2010 (51).

Meanwhile, before the full results of the SCOUT

trial were published, ongoing safety concerns regard-

ing sibutramine in Europe resulted in the CHMP

recommending that sibutramine be withdrawn and,

from January 2010, its use across Europe was

suspended (52).

A re-analysis of the SCOUT data (53) indicated

that sibutramine significantly lowered the risk of car-

diovascular events and mortality in patients who lost

weight; increased cardiovascular risk was only

observed in high-risk patients who did not lose

weight but who were maintained on the drug only to

fulfil the trial protocol. In the past few years, other

safety concerns with sibutramine have also come to

light, with some reports and case studies of

neuropsychiatric disorders attributed to its use (54).

Non-amphetamine-based obesity drugs
Orlistat. Towards the end of the 1990s, non-amphe-

tamine-based anti-obesity drugs were beginning to

be developed. The first to market was orlistat (Roche,

Basel, Switzerland), approved in Europe in 1998 and

the USA in 1999 and still available today. Orlistat

inhibits pancreatic lipase, reducing digestion and

absorption of fats from the small intestine by ~30%.

Clinical trials with orlistat (e.g. XENDOS) demon-

strated significantly greater weight loss compared

with placebo [5.8 kg vs. 3.0 kg; p < 0.001 (55)];

however, a meta-analysis of up to 15 trials with orlis-

tat revealed an overall mean placebo-adjusted weight

loss of only around 2.9 kg (2.9%) with up to 4 years’

treatment (47). Only one safety concern has arisen

with orlistat: its potential link with liver toxicity.

However, a recent meta-analysis of orlistat use in the

UK demonstrated no increased risk of liver toxicity

(56). Gastrointestinal side effects such as abdominal

pain and discomfort, oily or liquid stool and faecal

urgency are very common (57); thus, long-term

tolerability remains problematic.

Rimonabant. Rimonabant was developed and

approved in Europe in 2006 (Sanofi, Paris, France)

as an inverse agonist on the cannabinoid receptor

CB1, thereby reducing appetite (58). Safety concerns

during clinical trials included an increased frequency

of psychiatric disorders, including depression, anxiety

and suicidal ideation (59). The UK was the first

country where rimonabant was marketed and, by

2008, the drug was available in 56 countries.

Although an application was also submitted to the

FDA, in June 2007 the US Endocrine and Metabolic

Drugs Advisory Committee voted against its approval
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in the USA, due to the review of a briefing document

indicating safety concerns over its associated

psychiatric disorders (60). Then, in October 2008, a

statement from the EMA recommended suspension

of all marketing authorisation of rimonabant for the

same psychiatric risk associations, leading to its com-

plete withdrawal in Europe (61) and, eventually,

worldwide (62). It remains possible that rimonabant

could have been used safely in obese patients without

a history of these disorders; however, this hypothesis

has yet to be addressed in clinical trials.

New and emerging therapies – 2010 and onwards
In the last few decades, it has become abundantly

clear that the pathophysiology of obesity is complex,

and new information regarding neuronal circuits that

control food intake and their hormonal regulation

has extended our understanding of energy

homoeostasis (63). Each new signalling pathway

discovered in the hypothalamus is a potential target

for drug development in the treatment of obesity.

However, as these central pathways are involved in

myriad functions, it is somewhat unsurprising that

some pharmacotherapies have ultimately failed due

to unexpected side effects that may only identified

during clinical trials and sometimes many years

following drug approval. Yet despite many previous

setbacks in the obesity drug development process,

manufacturers in the last two decades have persisted

in their efforts to develop new, safer and more

tolerable anti-obesity medications. In the last 5 years,

several therapies have emerged as potentially effective

and safe new long-term weight-loss pharmacothera-

pies. Current EMA/FDA approved anti-obesity drugs

are shown in Table 1.

Lorcaserin. The first of these is lorcaserin, which

was approved in the USA in 2012 (Arena Pharma-

ceuticals, San Diego, CA, USA). Lorcaserin acts on

the 5-hydroxytryptamine 2C (5-HT2C) receptor to

cause the release of serotonin (5-HT) and inhibit the

subsequent uptake of serotonin (64). As a result of

its low specificity for the 5-HT2B receptor (~100
times lower than that of the 5-HT2C receptor) (65),

lorcaserin carries a low risk of causing heart-valve

abnormalities with long-term use (66). The FDA lists

the side effects of lorcaserin as: serotonin syndrome

or neuroleptic malignant syndrome-like reactions:

headache, dizziness, fatigue, nausea; dry mouth; con-

stipation and in diabetic patients: low blood sugar

(hypoglycaemia), headache, back pain, cough and

fatigue (67). Two 52-week, phase III trials reported

that, in patients with a mean baseline weight of

~100 kg, lorcaserin therapy resulted in up to 6%

weight loss (compared to 2–3% with placebo;

p = 0.001). Rates of adverse events (AEs) and

discontinuations due to AEs in both trials were gen-

erally low (6–7%), with the most common side effect

being headaches (65,68); however, around a third of

patients in total withdrew from one trial, and in the

other trial the proportion of withdrawals rose to over

40%. Due to the previous high risk of valvulopathy

with other serotonin receptor agonists (e.g. fenflu-

ramine), echocardiogram studies were performed on

all phase III trial participants, leading to the final

assessment that lorcaserin did not cause cardiac valve

tissue fibrosis (69). In Europe, an application was

made for approval of lorcaserin by the EMA;

however, the application was withdrawn in May

2013 (70) after the EMA stated that the weight-loss

benefits of lorcaserin did not outweigh its risks,

which included the potential to increase the

frequency of psychiatric disorders and valvulopathy

that were both observed in some patients during

phase III trials.

Phentermine/extended-release topiramate. A combi-

nation therapy of phentermine and extended-release

(ER) topiramate has been developed by Vivus (Moun-

tain View, CA, USA). Although the exact mechanism

Table 1 Anti-obesity drugs that are currently approved, as of October 2015, by the European Medicines Agency

(EMA) and the US Food and Drug Administration (FDA)

Anti-obesity drug EMA FDA

Short-term use (a few weeks) Bidiethylpropion Approved Approved

Benzphetamine Approved Approved

Phendimetrazine Approved Approved

Phentermine Approved Approved

Long-term use Orlistat Approved Approved

Lorcaserin Not approved Approved

Phentermine/extended-release topiramate Not approved Approved

Naltrexone/bupropion Approved Approved

Liraglutide Approved Approved
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of action remains unknown, phentermine is believed

to mediate the release of catecholamines (including

noradrenaline and dopamine) in the hypothalamus,

while topiramate strengthens the activity of the neuro-

transmitter gamma-aminobutyrate, modulates vol-

tage-gated ion channels, and inhibits AMPA/kainite

excitatory glutamate receptors and carbonic anhydrase

(71, 72). Although originally declined for approval

due to concerns over the increased risk of depression

and cognitive-related disorders, as well as cardiovascu-

lar events, the drug was reconsidered and approved by

the FDA for weight loss in 2012. Side effects reported

by the FDA include tingling of hands and feet (paraes-

thesia), dizziness, altered taste sensation, insomnia,

constipation and dry mouth (72). Key clinical trials

that were instrumental in its approval include

EQUATE, CONQUER, EQUIP and SEQUEL. The

EQUATE trial, a 28-week, randomised, phase III

study, compared the combination treatment of phen-

termine/topiramate (high and low dose) with the indi-

vidual components alone (both high- and low-dose

phentermine and high- and low-dose topiramate)

(73). Weight loss was significantly greater in patients

receiving the high-dose combination treatment com-

pared with high doses of both compounds alone.

CONQUER was a 56-week, randomised, double-blind,

placebo-controlled, phase III trial in which two phen-

termine/ER topiramate treatment arms (15 mg and

7.5 mg) and one placebo arm were initiated in con-

junction with a 500 kcal/day dietary deficit (74). In

patients who completed 1 year of treatment, a reduc-

tion in body weight of 12.4% with phentermine

15.0 mg plus topiramate 92.0 mg and 9.6% with

phentermine 7.5 mg plus topiramate 46.0 mg, com-

pared with 1.6% in the placebo group was reported.

Cardiovascular improvements were also observed

(74). The similarly designed EQUIP trial comprised

two phentermine/ER topiramate treatment arms

(15 mg and 3.75 mg) and a placebo arm (75). From a

mean baseline body weight of 115.2–118.5 kg, the

majority of subjects (67%) in the 15 mg group lost at

least 5% of baseline body weight and 47% lost at least

10% of body weight from baseline. In the 3.75 mg

group, the corresponding proportions of patients

achieving 5% and 10% body weight loss from baseline

were 45% and 19%, respectively. Minimal improve-

ments were reported in cardiovascular markers such as

blood pressure and lipid profiles (75). Finally, the

SEQUEL study, a 2-year extension trial of CONQUER,

has been performed, which confirmed the consistency

and durability of the CONQUER findings. Moreover,

a 76% reduction in new-onset T2D in the maximum

dose group was observed (76).

The most common adverse reactions to phenter-

mine/topiramate in these trials were paraesthesia,

dizziness, dysgeusia, insomnia, constipation and dry

mouth, with no increased risk of severe cardiovascu-

lar events. The drug is contraindicated in pregnancy

due to the topiramate-related increased risk of orofa-

cial clefts; accordingly, a risk evaluation and mitiga-

tion (REM) strategy is required for this drug (77). In

Europe, marketing authorisation for phentermine/

topiramate has been refused by the EMA in both

2012 and 2013 due to safety concerns regarding

long-term effects on the heart and blood vessels, and

psychiatric and cognitive effects (78). As a result,

Vivus is currently conducting a long-term

cardiovascular outcomes study (Qsymia Cardio-

vascuLAr morbIdity and Mortality, AQCLAIM) (79)

in patients with established cardiovascular disease,

before submitting a further application for marketing

approval to the EMA.

Naltrexone/bupropion. Naltrexone/bupropion has

been development by Orexigen Therapeutics (La

Jolla, CA, USA). Although a relatively weak inhibitor

of norepinephrine and dopamine uptake, bupropion

stimulates hypothalamic pro-opiomelanocortin

(POMC) neurons, leading to melanocortin receptor

activation and induction of weight loss via appetite

suppression and increased energy expenditure (80).

Naltrexone acts as an antagonist of the opioid

receptor that would normally induce a negative feed-

back-mediated repression of POMC activation, and

thus acts synergistically to prolong the action of

bupropion on metabolism.

An NDA for naltrexone/bupropion was submitted

to the FDA in March 2010 (81), based on three

phase III trials in patients without T2D that demon-

strated a weight loss from baseline of between 6.1

and 9.3% and one phase III trial in patients with

T2D showing a weight loss of up to 5% (80). The

most frequent AEs reported include nausea, head-

ache, constipation, dizziness, vomiting, insomnia and

dry mouth, and the drug was not associated with

increased risk of depression or suicidal ideation (82).

The final approval of naltrexone/bupropion was sig-

nificantly delayed by the FDA’s decision in February

2011 to request that Orexigen conduct a large-scale

study into the drug’s long-term cardiovascular effects

(81). Orexigen initiated the LIGHT study to meet

this request, which was due to reach completion in

2017. An interim analysis of 25% of the enrolled

patients was submitted to the FDA showing a reduc-

tion in the number of cardiovascular events in the

naltrexone/bupropion arm. Based on the original

NDA and additional cardiovascular data, the FDA

approved naltrexone/bupropion in September 2014,

with the requirement for ongoing post-marketing

studies (83). Unfortunately, premature disclosure of
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the confidential LIGHT interim results by Orexigen

has led to the trial being halted by the executive

steering committee (84). After the trial was stopped,

further analysis by the data safety and monitoring

board of the study that contained 50% of the

enrolled patients has bought into question the data

from the earlier time point and suggested that there

was no statistical difference between the naltrexone/

bupropion and placebo groups (84). The FDA has

requested that a further cardiovascular risk study is

conducted, with completion expected in 2022 (83).

Naltrexone/bupropion has also recently (March

2015) been approved by the EMA as an adjunct to a

reduced calorie diet and increased physical activity

for the management of weight in adult patients with

a BMI of ≥ 30 kg/m2 or ≥ 27 kg/m2 in the presence

of comorbidities (85).

Liraglutide. Liraglutide (1.2 mg and 1.8 mg) was

developed by Novo Nordisk (Søborg, Denmark) to

treat T2D. The liraglutide molecule, an analogue of

human glucagon-like peptide (GLP)-1, has a half-

life of 13 h, which greatly extends its activation of

the GLP-1 receptor (the half-life of native GLP-1

is ~1.5 min), thereby increasing stimulation of

glucose-dependent insulin secretion and exerting a

heightened effect on glucagon suppression (86).

Throughout the extensive Liraglutide Effect and

Action in Diabetes (LEAD) trial programme and the

additional 1860-Lira-DPP-4 inhibitor phase III trial,

liraglutide demonstrated consistent efficacy in

reducing HbA1c (changes ranged between 1.1% and

1.5%) and fasting plasma glucose (changes

ranged between 0.4 mmol/L and 2.4 mmol/L) in tri-

als of up to 52 weeks (87–93), leading to its

approval (at doses up to 1.8 mg daily) for manage-

ment of glycaemic control in adults with T2D by

the EMA in July 2009 and the FDA in 2010

(86,94).

Native GLP-1 has central effects that regulate

appetite and feeding centres in the brain (95); there-

fore, liraglutide may also have the potential to

impact upon energy intake. A 5-week incomplete

crossover trial with liraglutide demonstrated that

liraglutide induced weight loss, most likely mediated

by reducing appetite and decreasing food intake, as

measured by appetite scores and post-prandial satiety

and fullness ratings, and did not increase energy

expenditure (96).

On the basis of this, a higher dose of liraglutide

(3.0 mg daily), was tested in phase III clinical trials

(the SCALE programme) to investigate the safety

and efficacy of liraglutide 3.0 mg in weight manage-

ment in obese patients both with and without T2D.

The largest SCALE study, the Obesity and Predia-

betes trial, investigated the effects of liraglutide

3.0 mg in 3731 individuals with BMI ≥ 30 kg/m2 or

27 kg/m2 with additional comorbidities, with or

without prediabetes, over 56 weeks (97). At week 56,

individuals on liraglutide 3.0 mg had lost 8.0%

(8.4 kg) of body weight compared with 2.6%

(2.8 kg) on placebo [estimated treatment difference

�5.4%, (5.6 kg), p < 0.001]. Other benefits in

addition to weight loss were also observed includ-

ing improvements in glycaemic control, blood

pressure and lipids. Liraglutide 3.0 mg was gener-

ally well tolerated, with the most common AEs

being nausea and diarrhoea during the first 4–
8 weeks of treatment. The incidences of gallbladder

disorders and pancreatitis were low, although

events were reported more frequently with liraglu-

tide 3.0 mg [3.1 events/100 patient-years of expo-

sure (PYE) and 0.4 events per 100 patient-years at

risk (PYR), respectively] than with placebo (1.4

events/100 PYE and < 0.1 events/100 PYR, respec-

tively) (97).

On the basis of the phase III SCALE clinical trial

programme, the FDA approved liraglutide 3.0 mg in

December 2014 as an adjunct to a reduced-calorie

diet and increased exercise in adult patients with a

BMI of ≥ 30 kg/m2, or ≥ 27 kg/m2 in the presence

of at least one weight-related comorbid condition

(98). Similarly, the EMA has also now approved the

use of liraglutide 3.0 mg for the same indication as

of March 2015 (99). The most common side effects

observed in patients treated with liraglutide 3.0 mg

were reported by the FDA to include nausea,

diarrhoea, constipation, vomiting, low blood sugar

(hypoglycaemia) and decreased appetite (100).

Liraglutide is the first once-daily GLP-1 analogue to

be licensed for treatment of obesity in the USA and

Europe; post-marketing surveillance studies are

ongoing to assess the long-term safety of the drug in

this indication (98,101).

Cetilistat. Cetilistat, first developed by UK-based

Alizyme, is now under development by Norgine

(Amsterdam, the Netherlands) and Takeda (Tokyo,

Japan). This pharmacotherapy works in a manner

similar to orlistat, by inhibiting pancreatic lipase

(102). In a 12-week study, weight loss of 3.3–4.1 kg

(placebo not available) was demonstrated, with the

most common side effects reported as gastrointesti-

nal-related (103,104). As a result of phase III data,

cetilistat has been approved in Japan since September

2013; however, it has not yet been filed for approval

in the USA and Europe (105).

Bupropion/zonisamide. Bupropion/zonisamide (a

mitochondrial carbonic anhydrase inhibitor) is an
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anti-obesity combination pharmacotherapy in devel-

opment by Orexigen Therapeutics (71). Currently

in phase II, preliminary findings in 18 patients

have demonstrated a 7.2 kg weight loss with

bupropion/zonisamide vs. 2.9 kg with zonisamide

alone over 12 weeks (106), with the most frequent

AEs cited as headache, nausea and insomnia. The

most common AEs reported from phase II trials

are reported to include headache, insomnia and

nausea (107).

Belonarib. Belonarib is a first-in-class obesity ther-

apy being developed by Zafgen that is administered

subcutaneously and that acts via inhibition of

methionine aminopeptidase 2 (MetAP2) (108).

In a 12-week, phase II study, participants receiving

belonarib 0.6 mg, 1.2 mg or 2.4 mg lost 5.5 kg,

6.9 kg or 10.9 kg, respectively, compared to 0.4 kg

in the placebo group (p < 0.001) (108). Belonarib

was generally well tolerated, although more sleep dis-

turbances and gastrointestinal AEs were reported in

the belonarib group compared to the placebo

groups. These events were generally mild-to-moder-

ate in severity, transient and dose-related, although

more participants receiving the highest dose of belo-

narib withdrew from the study due to these AEs

(108). Further phase II and III trials are ongoing

(109).

Nutritional supplements/‘black market’
pharmaceuticals
The Internet is awash with countless unapproved

‘anti-obesity’ therapeutics. Many of these contain

drugs that are now known to be dangerous, for

example, sibutramine, or chemicals that have never

been tested in humans, for example, clenbuterol.

Needless to say, these therapeutic ‘options’ should be

avoided.

Conclusions

As we have moved through history to the present

day, obesity has changed from being a rare, and

perhaps even revered, occurrence to a condition that

is common in a large proportion of the population

in the developed world. Pharmacotherapies can play

an important role in the treatment of obesity, by

providing a non-invasive therapy that can increase

weight loss established by diet and exercise alone,

and thus help in reducing the impact of comorbidi-

ties associated with obesity. The pharmacotherapy

landscape has been in a state of flux for many dec-

ades and as our understanding of the pathogenesis of

obesity increases, so does the number of potential

novel targets for therapeutic intervention. Gut hor-

mones may be especially promising candidates for

future exploration due to relatively few non-specific

side effects compared with centrally acting drugs. It

is hoped that weight-loss drugs of the present and

future will provide safer and more effective tools for

the long-term management of obesity. However, as

has been the case with many previously approved

anti-obesity drugs, only time will tell.
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