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There is no doubt that the prevalence of obesity 
has increased worldwide in recent decades. It 
is also widely agreed that the problem of obe-
sity is multifaceted and requires a combination 
of therapies in order to be managed. Owing to 
the fact that most obese individuals are insuffi-
ciently successful in their attempts to lose weight 
with diets, exercise and lifestyle modifications, 
anti-obesity drugs have a role to play in obesity 
management, and can enhance adherence to 
weight-loss programs [1]. In addition, drug ther-
apy is easier to deliver in real-life settings, given 
that primary care physicians are the primary 
providers of obesity treatment. 

In general, obese individuals can expect 
weight loss of 8–10% from baseline provided 
that they adhere to the weight-loss program and 
take medications regularly [2]. It is now well rec-
ognized that even modest weight loss has many 
health-related benefits, including an improved 
metabolic profile as well as better psychologi-
cal well-being. However, negative psychologi-
cal attributes can be associated with weight loss, 
particularly when individuals reach a state of 
resistance to fat loss (plateau).

In the field of psychiatry, weight gain is a 
common side effect for patients receiving anti-
psychotic drugs [3]. Although the mechanisms 
responsible for this antipsychotic-induced 
weight gain remain speculative, they seem to 
promote both an increase in food intake as well 
as a decrease in total energy expenditure. For the 
physiologist, fat gain is not considered a problem 
per se, but rather an unfortunate biological adap-
tation aimed at restoring body homeostasis [4]. 

Indeed, the fact that fat gain is related to a facili-
tation of appetite control [5] and an increase in 
thermogenesis [6] represents a solution promoting 
the long-term recovery of body-weight stability. 
The obvious question is then the following; For 
a given individual, what is the body-weight range 
that is compatible with psychological health? 
Our recent research experience has significantly 
contributed to determining the ‘zone’ associated 
with optimal psycho biological well-being.

Weight loss up to resistance to fat loss 
& well-being 
It is well recognized that an overweight state and 
obesity carry a social stigma that may contrib-
ute to higher rates of anxiety, depression and 
low self-esteem [7]. Depression may contrib-
ute to weight gain and obesity and, vice-versa. 
Globally, the majority of studies report the ben-
eficial influence of weight reduction on mental 
well-being and health-related quality of life [8]. 
However, they fail to mention the possible psy-
chological costs associated with weight loss. We 
believe that such negative psychological costs 
require a cautionary approach.

We have recently published results from a 
weight-loss intervention, which consisted of a 
supervised diet (-700 kcal/day) and an aerobic 
exercise program up to a state of resistance to 
further fat loss. This intervention resulted in a 
significant increase in depression symptoms after 
a 10% weight loss [9], an increase that was more 
evident at plateau [10]. We have also been able to 
link the increase in depression symptoms with an 
increased restraint of eating, hypoglycemia at the 
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end of an oral glucose challenge and a decrease 
in total triiodothyronine (T3) and free thyrox-
ine (fT4) levels [9–11]. These results suggest that 
bringing weight loss up to a certain level has the 
potential to destabilize body homeostasis and 
induce a psychobiological vulnerability favoring 
weight regain.

For health professionals, these observations 
indicate that body-weight management should 
maintain a reasonable balance between the health 
benefits and the potential negative consequences 
associated with weight loss (Figure 1). 

Antipsychotic drug treatment 
& weight gain
The introduction in the 1990s of the second 
generation, ‘atypical’, antipsychotic drugs has 
been helpful in diminishing the problematic 
extrapyramidal side effects (e.g., parkinsonian 
symptoms) as observed with the use of older 
antipsychotic drugs. Nevertheless, neuro-
imaging studies determining drug occupancy 
of dopamine D2 receptors have shown that 
substantial antagonism of these receptors is an 
essential feature of effective antipsychotic action 
for most, if not all, of both classical and atypi-
cal antipsychotic drugs [12]. While antipsychotic 
drugs do improve the outlook for many patients 
with schizophrenia and are widely used, their 
efficacy remains limited. Furthermore, weight 
gain and metabolic disturbance encountered 
with these agents have emerged as a major con-
cern for clinicians nowadays, at the same time 
as we face an obesity epidemic. 

While treating obesity in the general popu-
lation has proven to be challenging, the chal-
lenge may be even greater for those who have 
gained weight in relation to a mental disorder 
and its pharmacological treatment. It might be 
indeed extremely difficult for some chronically 
and severely mentally ill patients who require 
antipsychotic treatment to eat less and exercise 
more when their treatment increases appetite 
and produces fatigue and sedation, and their 
illness decreases motivation and limits social 
interactions and activities. Additionally, their 
typically strained financial resources and social 
circumstances often limit their access to low-
calorie foods and preclude membership in health 
clubs, access to exercise equipment and dietary 
counseling or education. Such general health-
promoting activities are rarely provided in con-
temporary psychiatric clinical services or covered 
by health insurance programs for psychiatric ill-
ness, despite support for their integration into 
mental health services [13].

Recently, we have shown that body weight 
and metabolic-risk profile in patients receiving 
atypical antipsychotics can be managed with a 
behavioral weight-control program including 
physical activity [14]. Indeed we highlighted the 
importance of physical exercise designed spe-
cifically for patients on antipsychotic treatment 
and found that such a program is feasible and 
effective and the results are highly encouraging 
with a high rate of adherence. These results agree 
with those from meta-analyses showing that the 
effects of physical exercise are similar to those of 
psychotherapeutic interventions in the manage-
ment of depressive symptoms [15,16]. In addition, 
exercise can alleviate secondary symptoms such 
as low self-esteem and social withdrawal [17]. 
Research also suggests that exercise is well 
accepted by people with serious mental illness 
and is often considered one of the most valued 
components of treatment [18]. Because individu-
als with serious mental illness are significantly 
less active than the general population, physical 
activity as an adjunct treatment for individuals 
with serious mental illness is highly desirable. 

Beyond the need for a better management of 
antipsychotic-induced weight gain in psychiat-
ric patients, particularly by targeting individu-
als prior to weight gain, one cannot exclude the 
possibility that an increase in body fat might be 
a necessary adaptation to recover psychobiologi-
cal stability when one is exposed to a medication 
that stimulates appetite and produces sedation. 
Given the therapeutic value of ‘comfort food’ 
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Figure 1. Notion of psychobiological well-being (healthy zone) situated 
between the risks of excess weight gain and excess weight loss. 
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(i.e., palatable or energy-dense food) on well-
being, we propose that restrictive diets may even 
be counter-productive for these patients. After 
all, George Bernard Shaw said, when talking 
about the pleasure of eating, that “there is no 
love sincerer than the love of food” (Man and 
Superman, 1903). 

Future of medicinal chemistry for 
obesity: a global approach 
The development of drug treatments for obe-
sity has focused too much on efficacy and too 
little on safety, which has led to withdrawals 
of drugs from the market after serious adverse 
events have arisen (table 1) [19]. A recent example 
is rimonabant, a cannabinoid-receptor antago-
nist, which was withdrawn from the market in 
Europe after the discovery of an increased risk 
of depression, anxiety and suicidal ideation [20]. 
These serious adverse effects were class effects 
and the development of other compounds of the 
same class that were in Phase III studies had to 
be terminated. In January 2010, the weight-loss 
drug sibutramine (serotonin and norepinephrine 
reuptake inhibitor) has been withdrawn from the 
European market after concerns about a raised 
risk of heart attacks and strokes [101]. This expe-
rience highlights the need for new drugs to use 
novel mechanisms of action in order to avoid the 
serious side effects seen in the past. Furthermore, 
it will be important to pay attention to the CNS 
effects and the overall safety profile of these 
potential new compounds in the early stages of 
clinical development. 

Despite considerable gains in knowledge over 
the past years, scientists have not enjoyed much 
success in translating such knowledge into find-
ing better drug therapies. Numerous drug can-
didates with novel mechanisms of action have 
either not achieved clinically meaningful efficacy 
or failed to meet the safety expectation of regula-
tory authorities. Possible reasons for the failure 
of anti-obesity drugs (e.g., compensatory mech-
anisms that overcome pharmaceutical mani-
pulations) are explained in detail elsewhere [21]. 
Importantly, the failure of new drug candidates 
emphasizes that the problem of obesity is very 
complex and that there are numerous causes of 
excess weight. A drug specifically targeting a 
particular pathway might not achieve a robust 
therapeutic effect in an obese individual, if this 
specific person’s obesity is primarily related to the 
actions of another pathway, on which this spe-
cific drug does not have a major impact. Hence, 
the large interindividual variation in response to 

drug-induced weight loss seems to be attributed 
to the fact that we do not target the cause(s) of 
the problem. 

In the future, health professionals should be 
able to count on early diagnosis of individuals at 
risk of developing long-term metabolic problems 
and obesity, or for not responding adequately to 
clinical interventions. We believe that such per-
sonalized therapy has the potential to improve 
the chances of success and decrease the number 
of irrelevant pharmacologic interventions. 

Orlistat, an inhibitor of pancreatic and gas-
trointestinal lipases, is the only drug currently 
approved for long-term treatment of obesity in 
Europe. Side effects due to the mode of action 
include oily spotting, liquid stools, fecal urgency 
or incontinence, f latulence and abdominal 
cramping. In addition, lipid-soluble vitamins 
(A, D, E and K) should be replaced. Pooled 
results of 11 prospective randomized controlled 
trials show that patients treated with Orlistat 
displayed a 2.7-kg or 2.9% greater reduction 
in weight than placebo-treated patients after a 
1-year follow-up [22]. In addition to the modest 
efficacy of Orlistat, less than 10% of patients still 
take the drug after 1 year and only 2% of them 
after 2 years [23]. Whereas factors such as toler-
ability and affordability might also be reasons, 
failure of Orlistat in real-life settings is most 
likely attributable to the fact that obese patients 
expect to lose an average of approximately 25% 
of their body weight after 1 year of treatment [24] 
and the efficacy of Orlistat falls far below the 
expectations of the patients.

A total of four sympathomimetic medications 
are also approved for short-term use (< 12 weeks) 
for weight loss. Phentermine, diethylpropion, 
phendimetrazine and benzphetamine are all 
amphetamine-derived appetite suppressants that 
centrally release dopamine and noradrenaline  [25]. 

Table 1. History of drug treatments for obesity by date of 
approval/withdrawal.

Date Drug Serious adverse events

1893/1949 Thyroid hormone Hyperthyroidism

1933/1935 Dinitrophenol Cataracts and neuropathy

1937/1971 Amfetamine Addiction and psychosis

1965/1972 Aminorex Pulmonary hypertension

1973/1997 Fenfluramine plus phentermine Cardiac valvular insufficiency

1960/2000 (USA)† Phenylpropanolamine Hemorrhagic stroke

2006/2009 Rimonabant Depression and 
suicidal ideation

1997/2010 Sibutramine Cardiovascular disease
†Phenylpropanolamine is still available in some European countries. 
Reproduced with permission from [19]. 
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These drugs stimulate the CNS and increase blood 
pressure, pulse rate and release of glycerol and 
free fatty acids. Insomnia, dry mouth and con-
stipation are the main side effects of these drugs. 
Phentermine and diethylpropion are more com-
monly prescribed due to their reduced potential for 
addiction [25]. However, the short-term use of these 
sympathomimetic drugs may limit a long-term 
treatment of obesity and, here again, their efficacy 
and adverse effects do not please all patients. 

At present, there are three new weight-loss drugs 
on the horizon. Qnexa®, developed by Vivus, has 
proven to be the most effective, with a 1-year 
placebo-subtracted weight loss of 6.6–8.6% [102]. 
Additionally, weight loss relative to the baseline of 
10.5–13.2% was seen for patients completing the 
trial. Qnexa is a mixture of two existing drugs, 
an anticonvulsant (topiramate) and an amphet-
amine (phentermine). Unfortunately, there are 
side effects with this drug (memory and con-
centration problems for instance), which caused 
many participants to drop out of the study. The 
second weight-loss drug, Contrave (Orexigen® 
Therapeutics), is a mixture of two well-known 
compounds, naltrexone and bupropion. Research 
has shown weight loss of 5.0–6.1%, with side 
effects such as nausea [26]. The third candidate, 
Lorcaserin from Arena Pharmaceuticals, acts 
selectively on the central serotonin 2C receptors. 
Lorcaserin has less side effects than the previous 
two, but weight loss has been reported to be mod-
est (weight-loss efficacy slightly less than or equiv-
alent to that of orlistat) [27]. Given the history, we 
will need to be completey sure about the safety 
of these new weight-loss drugs, because these 
medications must be taken for a number of years. 

What is then the future of medicinal chem-
istry for obesity? Despite new molecular tar-
gets and several novel agents under active 

development (table 2), optimal treatment of 
obesity will likely require combinations of thera-
pies. This obviously implies the adherence to a 
healthy active living in order to optimize the effi-
cacy of the drug treatment as well as to improve 
overall well-being. It is of interest to mention  
that the side effects associated with the use of 
Orlistat are attenuated if the patients follow a 
low-lipid diet in concomitance with the drug 
treatment. Additionally, the prevention of unde-
sirable effects of this medication by a low-fat diet 
not only improves the well-being of patients, but 
is also likely to accentuate weight loss. Likewise, 
the cardio-stimulatory effects of the weight loss 
drug Sibutramine® have been shown to be offset 
by a physical exercise program [28].

Conclusion
Pharmaceutical approaches to the manage-
ment of obesity tend to focus on simple end 
points, such as the absolute reduction in body 
weight and normalization of biomarkers of 
obesity-related disease. This approach directs 
the attention at the consequences rather than 
the causes of obesity and fails to exploit knowl-
edge of the psychological factors that influence 
appetite. Obesity is typically a consequence 
of overconsumption driven by an individual’s 
natural sensitivity to food stimuli and the plea-
sure derived from eating. As recently proposed, 
these processes should be effective targets for 
pharmacotherapy and behavioral ana lysis can 
identify drugs that selectively affect the desire to 
eat, enjoyment of eating, satiation or postmeal 
satiety [29].

Body-weight management should be per-
formed with the preoccupation of maintaining 
a reasonable balance between the health benefits 
of weight loss and its potential risks. Weight-loss 
drugs are appropriate only as an addition – not a 
replacement for – healthy active living. As illus-
trated in Figure 1, health professionals should 
try to keep their patients in the ‘zone’ associated 
with an optimal psychobiological well-being. 
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Table 2. Promising compounds in clinical development for the 
treatment of obesity.

Product name/
company

Product type Code 

Qnexa® Vivus Phentermine and topiramate

Contrave Orexigen® Therapeutics Bupropion and naltrexone

Lorcaserin Arena Pharmaceuticals 5-HT
2C

 agonist

Tesofensine NeuroSearch NA/DA/5HT reuptake inhibitor

Liraglutide Novo Nordisk GLP-1 analogue

Velneperit Shionogi NPY Y5 receptor antagonist

Empatic Orexigen® Therapeutics Bupropion and zonisamide

Dov 21947 Dov Pharmaceuticals NA/DA/5-HT reuptake inhibitor
5-HT: 5-hydroxytryptamine receptors (serotonin receptors); DA: Dopamine; GLP-1: Glucagon-like 
peptide 1; NA: Noradrenalin; NPY: Neuropeptide Y. 
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