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Abstract  Conventional  treatment  for  obesity  with  diet,  exercise  and  bariatric  surgery  has

limitations; thus,  it  is necessary  to  have  pharmacological  tools.  In  the  past,  different  drugs  were

marketed that  were  withdrawn  due  to  safety  problems.  There  are  currently  3 drugs  approved  by

the European  Medicines  Agency  (EMA)  and  the  Food  and  Drug  Administration  (FDA)  for  obesity

therapy (orlistat,  combination  of  bupropion  and  delayed-release  naltrexone  and  liraglutide)

and two  more  only authorized  by  FDA  (lorcaserin  and  the  combination  of phentermine  and

extended  release  topiramate).  It  is  recommended  to  use  as a  second  therapeutic  line  and  its

choice should  be  individualized  taking  into  account  multiple  aspects  such  as  expected  weight

loss, route  of  administration,  safety  profile  and  cost.  Currently  there  are several  drugs  under

development  that  act on  different  therapeutic  targets.

©  2017  Sociedad  Española  de  Arteriosclerosis.  Published  by  Elsevier  España,  S.L.U.  All  rights

reserved.
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Pasado,  presente  y futuro  de la farmacoterapia  para  la obesidad

Resumen  El tratamiento  convencional  de  la  obesidad  con  dieta  y  ejercicio  así  como  la  cirugía

bariátrica tienen  sus  limitaciones,  por  lo que  es  necesario  disponer  de  fármacos  para  su

tratamiento. En  el  pasado  se  comercializaron  diferentes  fármacos  que  fueron  retirados  por

problemas  de  seguridad.  Actualmente  existen  3  fármacos  aprobados  por  la  Agencia  Europea  del

Medicamento (EMA)  y  la  Food  and  Drug  Administration  (FDA)  para  el tratamiento  de  la  obesidad

(orlistat, combinación  de bupropión  y  naltrexona  de  liberación  retardada  y  liraglutida)  y  2
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más  solo  autorizados  por  la  FDA  (lorcaserina  y  la  combinación  de fentermina  y  topiramato  de

liberación  prolongada).  Se  aconseja  su  uso  como  segunda  línea  terapéutica  y  su elección  debe

individualizarse  teniendo  en  cuenta  múltiples  aspectos  como  la  pérdida  de peso  esperada,  la

vía de  administración,  su  perfil  de seguridad  y  el  coste.  Por  otra  parte,  actualmente  existen

varios fármacos  en  vías  de  desarrollo  que  actúan  sobre  diferentes  dianas  terapéuticas.

© 2017  Sociedad  Española  de Arteriosclerosis.  Publicado  por  Elsevier  España,  S.L.U.  Todos  los

derechos  reservados.

Introduction

In recent  years,  the incidence  of  obesity  has  been  increas-
ing  at  an  alarming  rate  all  over the world,  to  such an extent
that  it  is currently  considered  to  be  the  epidemic  of  the
21st  century.1 In  Spain,  according  to  the ENRICA  study,  16.5%
of  the  population  is  overweight  (body  mass  index [BMI]
25---30  kg/m2),  21.7%  present  with  slight  or  moderate  obesity
(BMI  30---40  kg/m2), and 1.2%  with  severe  or  morbid  obesity
(BMI  >40  kg/m2).  Moreover,  this  is  a  disease  which  is associ-
ated  with  a  greater  risk  of comorbidities,  such  as  high  blood
pressure,  dyslipidaemia  and  diabetes  mellitus  type  2, and a
reduction  in  life  expectancy.2---4

The  classic  therapeutic  approach  consists  of  establishing
changes  in  lifestyle  for  the majority  of subjects  suffering
from  obesity,  limiting  bariatric  surgery  to  the  most  seri-
ous  cases.  Both  treatments  have  their  pros and cons.  On
one  hand,  the  principal  drawback  of  conventional  treat-
ment  with  diet and  exercise  is  the scant effectiveness  in
the  short-term,  with  a significant  loss  of effectiveness  in
the  long-term.  Thus,  in the  LOOK  Ahead  study----a paradigm
of  nutritional  intervention  not  assumable  in daily  practice
as  it  entails  weekly  interventions  for  the initial  6-month
period----only  46%  of  subjects  succeeded  in losing  more  than
5%  of  their  body  weight  per  year.  Subsequently,  60%  of  these
patients  with  a good  initial  response  regained  the  weight
lost  or  exceeded  their  initial weight  during the following
3  years.5 On  the other  hand,  bariatric  surgery  is  the most
effective  way  for  treating  obesity,  obtaining  weight  losses
which  may  exceed  30%, and  which  are sustained  in the  long-
term.  In  a  high  percentage  of  cases,  it can also  achieve  the
remission  of comorbidities  associated  with  obesity,  and  is
associated  with  a  reduction  in  mortality.6,7 Despite  this,  it
must  be  taken  into  account  that bariatric  surgery  is  not  with-
out  potential  complications.  Currently,  with  laparoscopic
techniques,  perioperative  mortality  is  low,  but  perioperative
complications----such  as  bleeding,  infections  and  suture fail-
ures,  as well as  subsequent  complications  such as  dumping8

syndrome----are  common.  On the other  hand,  it is  impor-
tant  to  consider  that  it is  not  indicated  for  all  individuals
suffering  from  obesity.  In  1991, the  National  Institutes  of
Health  limited  the  indication  of bariatric  surgery  to those
subjects  between  the  ages  of  18  and  60  with  severe  obesity
(BMI  >40  kg/m2) or  moderate  obesity  (BMI  >35 kg/m2)  with
associated  comorbidities.9

More  recently,  in  2016,  two  new  drugs  for  treating  obe-
sity  were  marketed  in Spain:  liraglutide  and  the combination
of  extended-release  naltrexone/bupropion  (Nal/Bup).  Both
drugs  were  already  being  marketed  in  the  United  States
along  with  lorcaserin  and  the  combination  of prolonged-
release  phentermine  and  topiramate  (Phen/Top).  Taking
the  limitations  of conventional  treatment  and  of bariatric
surgery  into  account,  pharmacotherapy  may  play  an  impor-
tant  role  as a treatment  for  obesity.  In  this context,  we  have
considered  it timely  and  appropriate  to  review  the drugs
classically  used  in the treatment  of  obesity,  those  currently
available,  and those  being  developed.

Therapeutic targets

The  pathophysiology  of  obesity  is  highly  complex,  and  a  num-
ber  of  factors  play  a role  therein.  In  a  simplistic  way,  it can
be  explained  using  the analogy  of scales.  Whenever  energy
intake  is  greater  than  caloric  expenditure,  there  is  a pos-
itive  energy  balance  which inhibits  lipolysis  and  activates
the  accumulation  of triglycerides  in  adipocytes  (lipogene-
sis).  Sustained  over  a number  of  years,  this  imbalance  may
lead  to  obesity.  If we  analyze  the  pathophysiology  of obesity
in  greater  detail,  a number  of factors  may  have  a bearing
on each side  of  the  scales.  On one hand,  the regulation  of
intake  at  the level  of the  central  nervous  system  and factors
related  to  diet  may  lead  to  an increase  in calorie  intake.  On
the other  hand,  energy  expenditure  is  conditioned  by  basal
metabolism,  thermogenesis  in brown  adipose  tissue  and
physical exercise.  Of  these  five  factors,  neither  environmen-
tal  factors  related  to  nourishment  and physical  exercise,  nor
basal  metabolism  are potentially  modifiable  with  pharmaco-
logical  treatments.  Accordingly,  the therapeutic  targets  can
be  focused  fundamentally  on  the regulation  of  intake  and
on the  activation  of  thermogenesis  in brown  adipose  tissue.

It should also  be taken  into  consideration  that  the patho-
physiology  of  obesity  is  even  more  complex.  Roles  are played
therein  by  genetic  or  epigenetic  factors,  as  well  as  by  dif-
ferent  organs  and  tissues,  such as  the  intestine.  It  is  in
the  digestive  tract  where  the  absorption  of  lipids  and  other
nutrients  takes  place.  Moreover,  an entire  range  of  hormones
are  produced,  such  as  glucagon-like  peptide  1 (GLP-1),  gas-
tric  inhibitory  peptide  (GIP),  peptide  YY (PYY)  and  ghrelin,
all  of  which  have  an  important  effect  in regulating  intake.10
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Lastly,  the  gut  microbiota  may  play  a prominent  role in  the
development  of  obesity.11

The  stimulus  of  brown  adipose  tissue  is  an attractive  ther-
apeutic  target  for  the treatment  of  obesity.  This  is  capable
of  producing  heat  and consuming  energy  through  the  expres-
sion  of uncoupling  protein-1  (UCP-1).12 Despite  this,  none  of
the  drugs  currently  marketed  act  on this  tissue.  The  main
therapeutic  target  is  the  regulation  of  intake  through  the
central  nervous  system,  which  is  brought  about  mainly  in
the  arcuate  nucleus  of  the hypothalamus.  There  are two
types  of neurons  which are  key in regulating  intake.  On
one  hand,  neurons  which  express  the agouti-related  peptide
(AgRP)  and  neuropeptide  Y  (NPY) which stimulate  intake;
and,  on  the  other  hand,  other  cells  which express  pro-
opiomelanocortin  (POMC)  and  which  inhibit  calorie  intake.
The  activity  of these  neuronal  populations  is  regulated  by
multiple  stimuli,  such  as  cerebral  neurotransmitters  or  a
number  of  peripheral  stimuli  indicative  of the energy  bal-
ance,  such  as  glucose,  insulin,  leptin  or  the  aforementioned
intestine  hormones.13

History of  pharmacotherapy of  obesity

Prior  to  1990

Throughout  the 20th century,  a number  of  different  drugs
were  used  to  treat  obesity,  with  no studies  to  endorse  their
efficacy.  A number  of these were  withdrawn  from  the market
owing  to  their  serious  side  effects;  these included  dinitro-
phenol,  a  decoupler  of  the respiratory  chains  which resulted
in  fatal  hyperthermia,14 and  amphetamines,  which,  in  addi-
tion  to  addiction,  can  result  in acute  intoxication,  psychotic
disorders  or  cardiovascular  toxicity. In turn,  in a number  of
clinical  trials,  the combination  of  fenfluramine  (a  serotonin
reuptake  inhibitor)  and  phentermine  (a sympathomimetic
agent)  was  shown  to result  in sustained  weight  losses.15

Nonetheless,  it was  also  withdrawn  from  the  US market
in  1997,  owing to  the increase  in  valvular  heart  diseases
attributed  to  fenfluramine.16

1990---2010

Between  1990  and 2010, three  drugs  were  marketed  in the
United  States  and Europe  to  treat  obesity:  sibutramine  in
1997,  orlistat  in  1999  and rimonabant  in 2006.  Sibutramine
was  a  serotonin-norepinephrine  reuptake  inhibitor  which
resulted  in a weight  loss  of  4.2%  greater  than placebo.17 It
was  withdrawn  from  the market  in  2010  owing  to  an increase
in  adverse  cardiovascular  effects,  which  occurred  mainly
in  patients  with  a high  cardiovascular  risk.18 Rimonabant
was  an  inverse  agonist  and an  antagonist  of  the cannabinoid
receptor  1,  with  a placebo-subtracted  weight  loss  of  4.7%.17

In  this  case,  marketing  thereof  was  suspended  in 2008  owing
to  an  increase  in psychiatric  disorders  and  risk  of  suicide.19

Of  these,  the  sole survivor  is  orlistat.

Orlistat

Orlistat  is an intestinal  lipase  inhibitor  which  reduces  the
absorption  of  lipids  by  up  to  30%.  In order  to  obtain

this  effect,  the recommended  dose  is  120 mg  immediately
before,  during  or  after  the  three  main  meals.  In  a  meta-
analysis  which  included  10,631  subjects  with  a mean  BMI
of  36.3  kg/m2, orlistat  was  associated  with  a weight  loss  of
2.9  kg more  than  placebo.20 In addition  to  weight  loss,  there
is  an improvement  in the  cardio-metabolic  parameters.  In
this  regard,  in the  XENDOS  study,  treatment  with  orlistat
reduced  the  incidence  of type 2 diabetes  by  37.3%  after  4
years.21

Although  this  drug has  no  serious  adverse  effects,  its  prin-
cipal  drawback  is  its  low  tolerability,  which  means  that  many
patients  drop  out  from  treatment.  The  adverse  effects  of
blocking  fat absorption  are  greasy  stools,  diarrhoea,  flat-
ulence  and the  urgent  need  to defecate.  These  adverse
effects  appear  in 15---30%  of  subjects,  and  are  more  preva-
lent  in patients  continuing  to  consume  a high-fat  diet.20 It
can  also  result  in a  reduction  in the  absorption  of liposolu-
ble  vitamins,  owing  to  which  the supplementation  thereof
is  recommended.

Pharmacotherapy of obesity at  present

Over  the last  decade,  four new  pharmacological  alternatives
have  emerged  for  the  treatment  of  obesity.  Two  of  these
were  approved  in  the United States  by  the  Food  and Drug
Administration  (FDA)  in 2012,  but  have yet  to  be  approved
by  the  European  Medicines  Agency  (EMA):  lorcaserin  and
Phen/Top.  The  other  two,  liraglutide  and Nal/Bup,  were
approved  by  the FDA  in  2014  and  subsequently  by the  EMA
in 2015,  and  are currently  available  in Spain.

Lorcaserin

Lorcaserin  is  a  selective  serotonin  2C receptor  agonist  which
acts  in the hypothalamus  by  increasing  satiety.22 It is  admin-
istered  at  a dose  of 10  mg  twice  daily.  Its  approval  by the
FDA  was  based  on three  phase  III clinical  studies:  BLOOM,
BLOSSOM  and  BLOOM-DM.23---25 Weight  loss  after  one year,
and  at the  recommended  dose, is 3---3.5%  higher  than  for
placebo  (Table 1). In  the  BLOOM-DM  study,  which  included
patients  with  diabetes  mellitus  type  2, treatment  with  lor-
caserin  resulted  in a  decrease  in HbA1c  of  0.5% relative
to  placebo.25 Generally  speaking,  it is a  well-tolerated
drug,  as  can  be seen  from  the  fact that  more  patients
finished  the studies  in the intervention  group than  in the
placebo  group.  The  main  adverse  effects  are usually  sero-
tonergic  symptoms,  such as headaches,  nausea,  dry  mouth,
asthenia  or  constipation.35 Its  use  is  contraindicated  with
drugs  with  serotonergic  action,  such  as  selective  serotonin
reuptake  inhibitors  and serotonin---norepinephrine  reuptake
inhibitors,  owing  to  the risk  of  causing  a  serotonin  syndrome.
Unlike  fenfluramine,  which had  no  selective  action  on  sero-
tonin,  no  increase  in valvular  defects  have  been  detected  in
patients  treated  with  lorcaserin.36

Combination  of extended-release
phentermine/topiramate

Phentermine  is  a  sympathomimetic  amine  with  an  appetite
suppressant  effect,  and  its action  is  similar  to that  of
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Table  1  Clinical  efficacy  of  drugs  approved  for  the  treatment  of  obesity  in phase  III  studies.

Name  of  the  study Sample

size

Follow-up  (weeks) BMI  (kg/m2) Age  (years) Treatment  groups Subjects  who

attain  ≥5% weight

loss (%)

Percentage  of

subjects who  attain

≥10%  weight  loss  (%)

Percentage  of

placebo-subtracted

weight  loss  (%)

Percentage  of subjects

who  completed  the  study

(%)

BLOOM23 3182  52 36.2 44.1 Placebo  20  8  45

Lorcaserin 10  mg 478  23  3.6 55

BLOSSOM24 4008  52 35.9 43.8 Placebo  16  4  52

Lorcaserin 10  mg

2/day

45 18  3.0 57

Lorcaserin  10  mg

1/day

38 16  1.8 59

BLOOM-DM25 604  52 36.0 54.2 Placebo  18  4  62

Lorcaserin 10  mg

2/day

55 18  3.5 79

Lorcaserin  10  mg

1/day

45 16  3.0 66

EQUIP26 1267  56 42.2 42.6 Placebo  17  7  47

Phen/Top

(3.75/23 mg)

45 19  3.5 57

Phen/Top  (15/92  mg)  67  47  9.3  59

CONQUER27 2487  56 36.6  51.1  Placebo  21  7  61

Phen/Top (7.5/46  mg) 62  37  6.6 75

Phen/Top  (15/92  mg) 70  48  8.6 73

SEQUEL28 676  52 (extension  of

CONQUER  study)

36.6 51.1 Placebo  30  12  86

Phen/Top (7.5/46  mg)  75  50  7.5  82

Phen/Top (15/92  mg)  79  54  8.7  83

COR-I29 1742  56 36.2  44.2  Placebo  16  7  50

Nal/Bup (16/360  mg) 39  20  3.7  49

Nal/Bup (32/360  mg) 48  25  4.8  51

COR-BMOD30 793  56 36.6 45.7 Placebo  43  20  53

Nal/Bup (32/360  mg) 66  42  4.2 51

COR-II31 1496  56 36.1 44.3 Placebo  17  6  54

Nal/Bup (32/360  mg)  51  28  5.2  54

COR-D32 505  56 36.4  53.7  Placebo  19  6  59

Nal/Bup (32/360  mg)  45  19  3.2  52

SCALE-Obesity33 3731  56 ---  ---  Placebo  27  11  64

Liraglutide 3.0  mg 63  33  5.4  72

SCALE-Maintenance34 422  56 35.6 46.2 Placebo  22  6  70

Liraglutide 3.0  mg 51  26  6.1 75

BMI,  body mass index;  Nal/Bup,  combination  of  naltrexone  and  bupropion;  Phen/Top,  combination  of phentermine  and  topiramate.
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amphetamines.15 Topiramate  is  a  neurostabiliser  drug  which
has  been  used  for  a number  of  years  to  treat  epilepsy
and  migraines;  however,  at higher  doses  than  those  used
for  the  treatment  of  obesity.37 Its  appetite  suppressant
effect  is  obtained  through  the inhibition  of  the  orexigenic
effect  of  glutamate  on  a  central  level.38 With  the  com-
bination  of  both  drugs,  a  synergistic  effect  is  obtained
in  weight  loss.39 The  advantages  of  acting  on  different
mechanisms  may  be  those  of,  on  one hand,  avoiding  com-
pensatory  mechanisms  and,  on  the other,  achieving  a
synergistic  effect  with  lower  doses,  which  in turn  allow
the  improvement  of  its  safety  profile.  There  are  currently
four  presentations  of the Phen/Top  combination.  The  initial
dose  is  3.75  mg of  phentermine  and  23  mg of  topiramate,
the  usual  maintenance  dose  being  7.5  mg  of  phentermine
and  46  mg of  topiramate,  which can  be  increased  to  a
maximum  dose  of  15  mg of  phentermine  and  92  mg of
topiramate.

The  phase  III  pre-marketing  studies  were  EQUIP  and
CONQUER.26,27 In these,  a placebo-subtracted  weight  loss  of
6.6%  was  observed  for  the  7.5  mg of  phentermine/46  mg of
topiramate  dose  and of  8.4---8.6%  for  the maximum  dose  of
15  mg  of  phentermine/92  mg of  topiramate  (Table  1).  Addi-
tionally,  the  SEQUEL  trial  (an  extension  of  the  CONQUER
study)  showed  that  the  weight  losses  achieved  after  one
year  were  sustained  after  two  years.28 This  is  a  drug  with
adherence  rates in  phase  III studies  which  are  higher  than
placebo.  The  most  common  side  effects  are  paresthesia,
dizziness,  headaches,  dysgeusia,  insomnia,  constipation  and
dry  mouth;  they  are  dose-dependent  and  improve  after  one
year  of  treatment.35 Owing  to  the teratogenic  effect  of  top-
iramate  on  orofacial  cleft, the FDA  requires  a pregnancy
test  before  commencing  treatment,  and  on  a monthly  basis
while  treatment  is  maintained.  It is  classified  by  the  FDA  as
a  schedule  IV  drug,  and  is  only  available  under  supervision
through  the  Risk Evaluation  and Mitigation  Strategy  (REMS)
programme.

Combination  of sustained-release
naltrexone/bupropion

Naltrexone  is an opioid  receptor  agonist  which has
been  used  for  the  treatment  of  alcohol  and  opi-
oid  dependence.40,41 Bupropion  is  a norepinephrine  and
dopamine  reuptake  inhibitor  with  a  well-known  anti-
tobacco  and  anti-depressant  effect.42,43 The  daily  dose
of  Nal/Bup  is  8 mg/90  mg twice daily,  with  a progressive
increase  in the dose  over  four  weeks.  In  the same way
as  for  Phen/Top,  a synergistic  effect  has  been  observed
with  their  combination,  along  with  the  dose-dependent
effect  in  terms  of both  appetite  suppression  and  weight
loss.44

The  phase  III  pre-marketing  studies  were  the COR-I,
COR-BMOD  and COR-II studies  (Table  1).29---31 These  were  con-
ducted  on  overweight  or  obese  subjects  and weight  loss
was  4---6% better  than  placebo  after  one  year.  On the other
hand,  the  COR-D  study  conducted  on  subjects  with  diabetes
mellitus  type  232 showed  that  weight  loss  in diabetic  sub-
jects  is  probably  slightly  lower  (3%  higher  than  placebo).  The
treatment  was  also  associated  with  a  decrease  in HbA1c  of
0.5%  relative  to  placebo.  The  most  common  adverse  effects

are  nausea,  headaches,  dizziness,  insomnia  and vomiting.
Although  these  are mild,  and in some  cases  transitory,
they  do lead  to  some patients  dropping  out  of  treatment.
In  fact,  this  is  the only  one  of  the  four treatments  with
drop-out  rates higher  than  placebo  in  the phase  III  studies
(Table 1).  Treatment  with  Nal/Bup  has  been  associated  with
an  increase  in the  adverse  effects  related  to blood  pressure.
Thus,  in  the  COR-D  study,  the rate  of  adverse  effects  asso-
ciated  with  blood  pressure  was  higher  than  in the placebo
group  (12% vs  6.5%).32 This  was  the main  reason  for  the FDA’s
refusal  to  approve  it in  2011.  Despite  this,  the preliminary
results  of  the  cardiovascular  safety  study  (Light  study)  led
to  the marketing of  the drug  finally  being  approved  in the
United  States.45 For  this reason,  blood  pressure  monitoring  is
required  with  this  treatment.  Apart  from  this,  no  increase  in
severe  neuropsychiatric  adverse  effects  has  been detected,
nor  of  the  risk  of suicide,  which  have  been  described  for
bupropion  when  used  at  higher  doses  for  smoking  cessation
treatments.35

Liraglutide

Liraglutide  is  a GLP-1  analogue,  a family of  drugs  which
has  been used  in  the  treatment  of  diabetes  mellitus  type
2  for  a number  of years.46 In  addition  to  improving  gly-
caemic  control,  these  drugs  result  in greater  weight  loss  than
other  diabetes  therapies.47 This  was  the reason  for  inves-
tigation  into  its  potential  use  as  an obesity  drug at  doses
higher  than  those  used  for  diabetes.  The  weight  loss  mech-
anisms  would  seem  to be  related,  on  one hand,  with  the
slowing  down  of  gastric  emptying,  which  gives rise  to  early
satiety,  and,  on  the other,  with  an anorectic  effect  on  the
hypothalamus.48 This  drug is  administered  subcutaneously
on  a daily  basis,  with  a progressive  weekly  increase  in the
dose  up to  3 mg/day.

The phase  III studies  which  demonstrated  the efficacy
of  3  mg  of  liraglutide  in obese  patients  without  diabetes
were  the SCALE-Obesity  and the  SCALE-Maintenance  stud-
ies  (Table  1).33,34 In these studies,  weight  loss  was  5.4---6.1%
greater  than  for  placebo.  In  addition  to  weight  loss, liraglu-
tide  was  associated  with  a greater  reduction  in HbA1c  levels
without  an increase  in hypoglycaemia,  and  an improvement
in  other  cardiovascular  risk  parameters,  such  as  blood  pres-
sure  or  the lipid  profile.

Liraglutide  is a well-tolerated  drug.  Its  most common
adverse  effects  are nausea  and vomiting,  which  are  usu-
ally transitory  and may  actually  contribute  to  weight  loss.49

The  possible  association  between  GLP-1  analogues  and  the
development  of  acute  pancreatitis  is  currently  not  conclu-
sive,  as  reported  by  the  FDA  and the EMA  in  2014.50 The  use
of  GLP-1  analogues  is  not  recommended  in subjects  with
personal  or  family  histories  of  medullary  thyroid  cancer  or
multiple  endocrine  neoplasia  type  2, owing  to  an  increase
in  tumours  in thyroid  C cells  having  been  observed  in animal
models  in  mice.51

Although  there  are  no  specific  data  on  the possible  car-
diovascular  benefits  of liraglutide  3  mg  in subjects  with
obesity,  an extensive  study  conducted  on type  2 diabetes
with  the  doses  used  in this disease  (1.2  mg)  has  demon-
strated  a reduction  in  cardiovascular  episodes  in high-risk
cardiovascular  patients.52
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Table  2  Characteristics  of  drugs  approved  for  the  treatment  of  obesity.

Placebo-subtracted

weight loss

Common  side

effectsa

Cardiovascular  effects  Contraindications  Interactions  Monthly  priceb Price  per  kg  of  weight

loss after  1  yearc

Orlistat  2.9  kg Greasy  or  oily  stools Reduction  in  the  progress

of  prediabetes  to  DM2

Malabsorption

syndromes

D  75 D  310

Urgent need  to defecate Cholelithiasis

Pregnancy  and

breast-feeding

Lorcaserin 3---3.6% Headache  Reduction  of  0.5%  in

HbA1c  in  subjects  with

DM2

Pregnancy SSRIs  $263  $876

Valve diseases SNRIs

Phentermine/

Topiramate

6.6---9.3% Paraesthesia Increased  heart  rate Pregnancy MAOIs  $239  $308

Dry mouth Unstable

cardiovascular

disease

Sympathomimetic

amines

Constipation  Glaucoma

Headache  Hyperthyroidism

Naltrexone/

Bupropion

3.2---5.2% Nausea  Increase  in  adverse

effects related  to  blood

pressure

Pregnancy MAOIs  $239  $551

Constipation Epilepsy  D  129.50  D  297

Headache Poorly  controlled

hypertension

Abstinence  from

alcohol  or

benzodiazepines

Bipolar  disorder

Anorexia  nervosa

Chronic  severe  kidney

failure

Liraglutide  4---6.1% Nausea  Improvement  in  glucose

metabolism,  blood

pressure  and  lipid  profile

Pregnancy  $1282  $2522

Diarrhoea Medullary  thyroid

cancer  or multiple

endocrine  neoplasia

type  1

D  283  D  566

Constipation

Vomiting

Headache

Upper respiratory  tract

infections

DM2,  diabetes  mellitus  type  2; MAOIs,  monoamine  oxidase  inhibitors;  SNRIs,  serotonin  norepinephrine  reuptake  inhibitors;  SSRIs,  selective  serotonin  reuptake  inhibitors.
a Present  in  >10%  of subjects  in  phase III  studies.
b Monthly  price  in euros  (D ) in  Spain  and  in  dollars  ($) in  USA.
c Calculated  for  an individual  weighing  100  kg  and  taking  into  account  the  maximum  weight  loss  relative  to  placebo  in phase  III  studies.
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Usefulness  in  daily  practice

According  to  the summary  of product  characteristics,  the
use  of  these  drugs  is  indicated  in combination  with  a
low-calorie  diet  and  an increase  in physical  activity  in
individuals  with  obesity  (BMI  >30  kg/m2) or  in overweight
subjects  (BMI  27---30  kg/m2)  who  also  present  with  conco-
mitant  diseases  related  to  being overweight,  such  as  type
2  diabetes,  dyslipidaemia  and high  blood  pressure.  From
this  point  on,  the  first  question  that  we  need  to  ask  is  at
what  point  in the natural  history  of  the disease  are  we  going
to  indicate  pharmacological  treatment.  In this  regard,  the
Endocrine  Society,  in  collaboration  with  the European  Soci-
ety  of  Endocrinology  and  The  Obesity  Society,  recommends
pharmacological  treatment  in  those  subjects  with  a  his-
tory  of  inability  to  lose weight  or  maintain  weight  loss  with
conventional  treatment,  but  never  as  an initial therapeutic
option.53

A  further  question  to  be  posed  is  which  of  the five  treat-
ments  we  should select.  When  making  comparisons  between
the  drugs,  a number  of  circumstances  will need  to  be taken
into  account.  First  of all,  there  is  the fact  that  there  are
no  head-to-head  studies  between  them,  and comparisons  in
terms  of  weight  loss  and  tolerability  must  be  carried  out
with  caution.  Moreover,  phase  III  studies  include  an inten-
sive  dietetic  intervention,  which  means  that  weight  loss
in  clinical  practice  is  generally  lower  than  that  observed
in  other  studies.  Other  circumstances  to  be  taken  into
account  are  the desired  weight  loss,  tolerability,  admin-
istration  pathway,  the patient’s  comorbidities  and  cost
(Table  2).  The  economic  aspect  becomes  increasingly  rel-
evant  as  these  drugs  are not funded  by  the National  Health
Service.

Of  the  five  drugs,  only  three  are  currently  available  in
Spain,  which  reduces  the  range  of  options. Of  those  not
marketed  in  Spain, lorcaserin  is  a  drug with  a good  toler-
ability  profile,  but  it is  probably  one  of  the least  effective  in
weight  loss  in  conjunction  with  orlistat.  On the other  hand,
Phen/Top  is  the  drug  with  the  greatest  weight  loss  potential,
and  it  is  generally  well  tolerated.  The  main  drawback  is  its
teratogenicity  and  sympathomimetic  effect,  which  render
its  use  inadvisable  in  patients  with  cardiovascular  diseases.

Of  the  drugs  available  in  Spain,  orlistat  has  been  mar-
keted  longest.  Its  use  in general  practice  is  limited,  owing
mainly  to  its  low  tolerance  and efficacy.  The  other  two
drugs,  Nal/Bup  and  liraglutide,  result  in  comparatively  sim-
ilar  weight  losses.  Liraglutide  presents  good  tolerability
and  may  also  have  beneficial  effects  on  cardiovascular  risk
factors,  which  could  make  it the alternative  of  choice  in
subjects  with prediabetes,  high  blood  pressure  or  hyper-
cholesterolaemia,  whereas  the tolerability  of  Nal/Bup  is
lower,  and  it  must  be  used  with  caution  in subjects  with
high  blood  pressure.  The  main  drawbacks  of  liraglutide  are
that  it must  be  administered  subcutaneously  and  it is  more
expensive.

The  final  question  we  need  to  ask  is  how  these drugs
should  be used.  The  monitoring  of  weight  and  adverse
effects  on  a  monthly  basis  during  the  first  three  months,  and
subsequently  every  three  months,  is  recommended.  The  use
thereof  should  be  interrupted  if a  weight  loss  of  more  than
5%  is  not  attained  during  the first  three  months,  or  in the
event  of  intolerance.53

The  future of the  pharmacological treatment
of obesity

The  epidemic  of  obesity  makes  research  into  the new tar-
gets  for its treatment  highly  appealing  for  pharmaceutical
companies.  One  attractive  strategy  could  be  that  of  com-
bining  liraglutide  with  one of  the three  drugs  which  act
on  a central  level,  owing  to their  different  mechanisms
of  action.  Another  interesting  target  is  drugs  which  could
act  by  increasing  energy  expenditure.  Mirabegron  is  a  beta-
3  agonist  which  was  tested  as  a drug for  the  treatment
of  overactive  bladder.  This  drug  is  capable  of  activating
thermogenesis  in brown  adipose  tissue,  increasing  energy
expenditure  by  40  cal/day.54 Beloranib  is  an inhibitor  of
methionine  aminopeptidase  II,  which  reduces  the hepatic
synthesis  of fatty  acids  and stimulates  the  breakdown
thereof.  It  is an injected  medicine,  currently  under  investi-
gation  in  subjects  with  Prader---Willi  syndrome,  in  whom  it
results  in weight  losses  of  1  kg  per  week.55 Lastly,  another
potential  therapeutic  target  is  drugs  which  act  on  other  gas-
trointestinal  hormones,  such  as  analogues  of GIP,  PYY  and
ghrelin  inhibitors.

Conclusions

In Spain,  there  are currently  three  drugs  indicated  for  the
treatment  of  obesity.  In  addition  to  orlistat,  there  is  the
combination  of naltrexone  with  bupropion  and  liraglutide.
The  recent approval  of these new  pharmacological  agents
for  the treatment  of  obesity  has  increased  the options  for
managing  this disease.  These  are indicated  as  second-line
treatments  in  those  overweight  or  obese  subjects  for whom
conventional  treatment  has  failed.  The  choice  of  treatment
must  be based on  factors  such  as  associated  comorbidities,
tolerability  profile  and  cost.

Ethical  disclosures

Protection  of  human  and  animal  subjects.  The  authors
declare  that  no  experiments  were  performed  on  humans  or
animals  for  this  investigation.

Confidentiality  of data. The  authors  declare  that  no  patient
data  appears  in  this  article.

Right  to privacy  and  informed  consent.  The  authors
declare  that  no  patient  data  appear  in this  article.

Authorship

All  of  the authors  have  collaborated  in  the writing  of  this
review  and  have approved  the  final  version  to  be published.

Conflicts  of  interest

The  authors  declare  that they  have  no  conflicts  of  interest.



Past,  present  and  future  of  pharmacotherapy  for  obesity  263

References

1. Finucane MM, Stevens GA, Cowan M,  Danaei G,  Lin JK, Paciorek
CJ, et al. National, regional, and global trends in body mass
index since 1980: systematic analysis of  health examination
surveys and epidemiological studies with 960 country-
years and 9.1  million participants. Lancet. 2011;377:557---67,
http://dx.doi.org/10.1016/S0140-6736(10)62037-5.

2. Must A, Spadano J, Coakley E, Field A, Colditz G, Dietz
W.  The disease burden associated with overweight and
obesity. JAMA. 1999;282:1523---9, http://dx.doi.org/10.1001/
jama.282.16.1523.

3.  Allison DB, Fontaine KR, Manson JE, Stevens J, VanItal-
lie TB. Annual deaths attributable to obesity in the United
States. JAMA. 1999;282:1530---8, http://dx.doi.org/10.1001/
jama.282.16.1530.

4.  Nguyen NT, Nguyen XM, Wooldridge JB,  Slone JA, Lane JS. Asso-
ciation of obesity with risk of coronary heart disease: findings
from the National Health and Nutrition Examination Survey,
1999---2006. Surg Obes Relat Dis. 2010;6:465---9.

5. Wadden TA, Neiberg RH, Wing RR, Clark JM, Delahanty
LM, Hill JO, et al.  Four-year weight losses in the Look
AHEAD Study: factors associated with long-term success. Obe-
sity. 2011;19:1987---98, http://dx.doi.org/10.1038/oby.2011.
230.

6. Sjöström L, Lindroos A-K, Peltonen M, Torgerson J, Bouchard
C, Carlsson B, et al. Lifestyle diabetes, and cardiovascular
risk factors 10  years after bariatric surgery. N  Engl J  Med.
2004;351:2683---93, http://dx.doi.org/10.1056/NEJMoa035622.

7. Buchwald H, Avidor Y,  Braunwald E, Jensen MD, Pories W,
Fahrbach K,  et al. Bariatric surgery: a systematic review and
meta-analysis. JAMA. 2004;292:1724---37, http://dx.doi.org/
10.1001/jama.292.14.1724.

8. Wolfe BM, Belle SH. Long-term risks and benefits of bariatric
surgery. JAMA. 2014;312:1792, http://dx.doi.org/10.1001/
jama.2014.12966.

9. Gastrointestinal surgery for severe obesity: National Institutes
of Health Consensus Development Conference Statement. Am J
Clin Nutr. 1992;55 Suppl:615S---9S.

10. Ueno H, Nakazato M. Mechanistic relationship between the
vagal afferent pathway, central nervous system and peripheral
organs in appetite regulation. J Diabetes Invest. 2016;7:812---8,
http://dx.doi.org/10.1111/jdi.12492.

11. Bauer PV, Hamr SC, Duca FA. Regulation of energy balance
by a gut-brain axis  and involvement of the gut microbiota.
Cell Mol Life Sci. 2016;73:737---55, http://dx.doi.org/10.1007/
s00018-015-2083-z.

12. Busiello RA,  Savarese S, Lombardi A. Mitochondrial uncou-
pling proteins and energy metabolism. Front Physiol. 2015;6,
http://dx.doi.org/10.3389/fphys.2015.00036.

13. Bellido Guerrero D, editor. Sobrepeso y obesidad. España:
Sociedad Española para el  Estudio de la Obesidad (SEEDO); 2015.

14. Colman E. Dinitrophenol and obesity: an early twentieth-
century regulatory dilemma. Regul Toxicol Pharmacol.
2007;48:115---7, http://dx.doi.org/10.1016/j.yrtph.2007.03.
006.

15. Colman E. Anorectics on  trial: a half century of federal regu-
lation of prescription appetite suppressants. Ann Intern Med.
2005;143:380---5.

16. Connolly HM, Crary JL, McGoon MD, Hensrud DD, Edwards BS,
Edwards WD, et al. Valvular heart disease associated with
fenfluramine---phentermine. N  Engl J  Med. 1997;337:581---8,
http://dx.doi.org/10.1056/NEJM199708283370901.

17. Rucker D, Padwal R, Li SK, Curioni C, Lau DCW. Long term
pharmacotherapy for obesity and overweight: updated meta-
analysis. BMJ. 2007;335:1194---9, http://dx.doi.org/10.1136/
bmj.39385.413113.25.

18. James WPT, Caterson ID, Coutinho W,  Finer N, van Gaal LF,
Maggioni AP, et al. Effect of sibutramine on cardiovascular
outcomes in overweight and obese subjects. N Engl J Med.
2010;363:905---17, http://dx.doi.org/10.1056/NEJMoa1003
114.

19. Topol EJ, Bousser M-G, Fox KAA, Creager MA, Despres J-P, Easton
JD, et  al. Rimonabant for prevention of cardiovascular events
(CRESCENDO): a randomised, multicentre, placebo-controlled
trial. Lancet. 2010;376:517---23, http://dx.doi.org/10.1016/
S0140-6736(10)60935-X.

20. Padwal R,  Li SK, Lau DCW. Long-term pharmacotherapy for over-
weight and obesity: a systematic review and meta-analysis of
randomized controlled trials. Int J  Obes Relat Metab Disord.
2003;27:1437---46, http://dx.doi.org/10.1038/sj.ijo.0802475.

21. Torgerson JS, Hauptman J, Boldrin MN, Sjöström L. XENical in
the prevention of diabetes in obese subjects (XENDOS) study: a
randomized study of  orlistat as an adjunct to lifestyle changes
for the  prevention of  type 2 diabetes in obese patients. Diabetes
Care. 2004;27:155---61.

22. Bays HE. Lorcaserin and adiposopathy: 5-HT2c agonism as
a treatment for ‘sick fat’ and metabolic disease. Expert
Rev Cardiovasc Ther. 2009;7:1429---45, http://dx.doi.org/
10.1586/erc.09.123.

23. Smith SR, Weissman NJ, Anderson CM, Sanchez M, Chuang
E, Stubbe S,  et  al. Multicenter, placebo-controlled trial
of  lorcaserin for weight management. N Engl  J  Med.
2010;363:245---56, http://dx.doi.org/10.1056/NEJMoa0909809.

24. Fidler MC, Sanchez M,  Raether B, Weissman NJ, Smith SR,
Shanahan WR, et  al.  A one-year randomized trial of  lor-
caserin for weight loss in obese and overweight adults: the
BLOSSOM trial. J Clin Endocrinol Metab. 2011;96:3067---77,
http://dx.doi.org/10.1210/jc.2011-1256.

25. O’Neil PM, Smith SR, Weissman NJ, Fidler MC,  Sanchez
M, Zhang J,  et  al. Randomized placebo-controlled clinical
trial of lorcaserin for weight loss in type 2  diabetes melli-
tus: the BLOOM-DM study. Obesity. 2012;20:1426---36, http://
dx.doi.org/10.1038/oby.2012.66.

26. Allison DB, Gadde KM, Garvey W, Peterson CA, Schwiers ML,
Najarian T, et  al. Controlled-release phentermine/topiramate
in severely obese adults: a  randomized controlled trial
(EQUIP). Obesity (Silver Sping). 2012;20:330---42, http://
dx.doi.org/10.1038/oby.2011.330.

27. Gadde KM, Allison DB, Ryan DH, Peterson CA, Troupin B,
Schwiers ML, et al. Effects of  low-dose, controlled-release,
phentermine plus topiramate combination on weight and
associated comorbidities in overweight and obese adults
(CONQUER): a randomised, placebo-controlled, phase 3 trial.
Lancet. 2011;377:1341---52, http://dx.doi.org/10.1016/S0140-
6736(11)60205-5.

28. Garvey WT, Ryan  DH, Look M,  Gadde KM, Allison DB, Peterson
CA, et  al. Two-year sustained weight loss and metabolic benefits
with controlled-release phentermine/topiramate in obese and
overweight adults (SEQUEL): a randomized, placebo-controlled,
phase 3 extension study. Am  J  Clin Nutr. 2012;95:297---308,
http://dx.doi.org/10.3945/ajcn.111.024927.

29. Greenway FL, Fujioka K, Plodkowski RA, Mudaliar S,  Guttadau-
ria M, Erickson J, et al. Effect of  naltrexone plus bupropion
on  weight loss in overweight and obese adults (COR-I): a
multicentre, randomised, double-blind, placebo-controlled,
phase 3  trial. Lancet. 2010;376:595---605, http://dx.doi.
org/10.1016/S0140-6736(10)60888-4.

30. Wadden TA,  Foreyt JP,  Foster GD, Hill JO, Klein S, O’Neil
PM, et  al. Weight loss  with naltrexone SR/bupropion SR com-
bination therapy as an adjunct to behavior modification:
the COR-BMOD trial. Obesity (Silver Spring). 2011;19:20---110,
http://dx.doi.org/10.1038/oby.2010.147.

31. Apovian CM, Aronne L,  Rubino D, Still C, Wyatt H, Burns C,
et al.  A randomized, phase 3 trial of naltrexone SR/bupropion

dx.doi.org/10.1016/S0140-6736(10)62037-5
dx.doi.org/10.1001/jama.282.16.1523
dx.doi.org/10.1001/jama.282.16.1523
dx.doi.org/10.1001/jama.282.16.1530
dx.doi.org/10.1001/jama.282.16.1530
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0295
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0295
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0295
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0295
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0295
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0295
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0295
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0295
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0295
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0295
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0295
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0295
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0295
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0295
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0295
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0295
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0295
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0295
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0295
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0295
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0295
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0295
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0295
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0295
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0295
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0295
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0295
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0295
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0295
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0295
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0295
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0295
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0295
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0295
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0295
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0295
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0295
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0295
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0295
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0295
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0295
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0295
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0295
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0295
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0295
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0295
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0295
dx.doi.org/10.1038/oby.2011.230
dx.doi.org/10.1038/oby.2011.230
dx.doi.org/10.1056/NEJMoa035622
dx.doi.org/10.1001/jama.292.14.1724
dx.doi.org/10.1001/jama.292.14.1724
dx.doi.org/10.1001/jama.2014.12966
dx.doi.org/10.1001/jama.2014.12966
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0320
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0320
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0320
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0320
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0320
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0320
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0320
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0320
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0320
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0320
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0320
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0320
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0320
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0320
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0320
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0320
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0320
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0320
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0320
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0320
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0320
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0320
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0320
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0320
dx.doi.org/10.1111/jdi.12492
dx.doi.org/10.1007/s00018-015-2083-z
dx.doi.org/10.1007/s00018-015-2083-z
dx.doi.org/10.3389/fphys.2015.00036
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0340
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0340
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0340
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0340
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0340
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0340
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0340
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0340
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0340
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0340
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0340
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0340
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0340
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0340
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0340
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0340
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0340
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0340
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0340
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0340
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0340
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0340
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0340
dx.doi.org/10.1016/j.yrtph.2007.03.006
dx.doi.org/10.1016/j.yrtph.2007.03.006
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0350
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0350
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0350
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0350
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0350
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0350
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0350
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0350
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0350
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0350
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0350
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0350
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0350
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0350
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0350
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0350
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0350
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0350
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0350
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0350
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0350
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0350
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0350
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0350
dx.doi.org/10.1056/NEJM199708283370901
dx.doi.org/10.1136/bmj.39385.413113.25
dx.doi.org/10.1136/bmj.39385.413113.25
dx.doi.org/10.1056/NEJMoa1003114
dx.doi.org/10.1056/NEJMoa1003114
dx.doi.org/10.1016/S0140-6736(10)60935-X
dx.doi.org/10.1016/S0140-6736(10)60935-X
dx.doi.org/10.1038/sj.ijo.0802475
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0380
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0380
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0380
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0380
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0380
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0380
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0380
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0380
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0380
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0380
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0380
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0380
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0380
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0380
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0380
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0380
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0380
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0380
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0380
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0380
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0380
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0380
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0380
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0380
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0380
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0380
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0380
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0380
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0380
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0380
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0380
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0380
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0380
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0380
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0380
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0380
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0380
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0380
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0380
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0380
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0380
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0380
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0380
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0380
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0380
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0380
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0380
http://refhub.elsevier.com/S2529-9123(17)00068-7/sbref0380
dx.doi.org/10.1586/erc.09.123
dx.doi.org/10.1586/erc.09.123
dx.doi.org/10.1056/NEJMoa0909809
dx.doi.org/10.1210/jc.2011-1256
dx.doi.org/10.1038/oby.2012.66
dx.doi.org/10.1038/oby.2012.66
dx.doi.org/10.1038/oby.2011.330
dx.doi.org/10.1038/oby.2011.330
dx.doi.org/10.1016/S0140-6736(11)60205-5
dx.doi.org/10.1016/S0140-6736(11)60205-5
dx.doi.org/10.3945/ajcn.111.024927
dx.doi.org/10.1016/S0140-6736(10)60888-4
dx.doi.org/10.1016/S0140-6736(10)60888-4
dx.doi.org/10.1038/oby.2010.147


264  D. Benaiges  et  al.

SR on weight and obesity-related risk factors (COR-II). Obesity.
2013;21:43---935, http://dx.doi.org/10.1002/oby.20309.

32. Hollander P, Gupta AK, Plodkowski R,  Greenway F, Bays H, Burns
C, et al. Effects of naltrexone sustained-release/bupropion
sustained-release combination therapy on body weight and
glycemic parameters in overweight and obese patients with
type 2 diabetes. Diabetes Care. 2013;36:9---4022, http://dx.
doi.org/10.2337/dc13-0234.

33.  Pi-Sunyer X, Astrup A, Fujioka K,  Greenway F, Halpern A, Krempf
M, et al. A randomized controlled trial of 3.0 mg of liraglu-
tide in  weight management. N  Engl J  Med. 2015;373:11---22,
http://dx.doi.org/10.1056/NEJMoa1411892.

34. Wadden TA,  Hollander P, Klein S, Niswender K, Woo V,
Hale PM, et  al. Weight maintenance and additional weight
loss with liraglutide after low-calorie-diet-induced weight
loss: the SCALE maintenance randomized study. Int J
Obes. 2013;37:51---1443, http://dx.doi.org/10.1038/ijo.2013.
120.

35. Krentz AJ, Fujioka K,  Hompesch M. Evolution of pharma-
cological obesity treatments: focus on adverse side-effect
profiles. Diabetes Obes Metab. 2016;18:558---70, http://dx.
doi.org/10.1111/dom.12657.

36. Weissman NJ, Sanchez M,  Koch GG, Smith SR, Shanahan
WR, Anderson CM. Echocardiographic assessment of  cardiac
valvular regurgitation with lorcaserin from analysis of  3
phase 3 clinical trials. Circ Cardiovasc Imaging. 2013;6:560---7,
http://dx.doi.org/10.1161/CIRCIMAGING.112.000128.

37. Yaman M,  Ucok K,  Demirbas H, Genc A, Oruc S,  Karabacak H,
et al. Effects of  topiramate use on body composition and resting
metabolic rate in migraine patients. Neurol Sci. 2013;34:225---9,
http://dx.doi.org/10.1007/s10072-012-0977-1.

38. Verrotti A, Scaparrotta A, Agostinelli S, di Pillo S, Chiarelli
F, Grosso S.  Topiramate-induced weight loss:  a review.
Epilepsy Res. 2011;2011:189---99, http://dx.doi.org/10.1016/
j.eplepsyres.05.014.

39. Aronne LJ, Wadden TA, Peterson C, Winslow D, Odeh S, Gadde
KM. Evaluation of phentermine and topiramate versus phen-
termine/topiramate extended-release in obese adults. Obesity.
2013;21:2163---71, http://dx.doi.org/10.1002/oby.20584.

40. Billes SK, Sinnayah P, Cowley MA. Naltrexone/bupropion
for obesity: an investigational combination pharmacotherapy
for weight loss. Pharmacol Res. 2014;84:1---11, http://dx.
doi.org/10.1016/j.phrs.2014.04.004.

41. Anton RF. Naltrexone for the management of alcohol depend-
ence. N  Engl J  Med. 2008;359:21---715, http://dx.doi.org/
10.1056/NEJMct0801733.

42. Foley KF, DeSanty KP, Kast RE. Bupropion: pharmacol-
ogy and therapeutic applications. Expert Rev Neurother.
2006;6:65---1249, http://dx.doi.org/10.1586/14737175.6.9.
1249.

43. Gadde KM, Xiong GL. Bupropion for weight reduction. Expert
Rev Neurother. 2007;7:17---24, http://dx.doi.org/10.1586/
14737175.7.1.17.

44. Greenway FL, Whitehouse MJ, Guttadauria M, Anderson JW,
Atkinson RL, Fujioka K, et  al. Rational design of a combination
medication for the treatment of  obesity. Obesity. 2009;17:9---30,
http://dx.doi.org/10.1038/oby.2008.461.

45. Orexigen Therapeutics, Inc. Press Release. Available from
http://ir.orexigen.com/phoenix.zhtml?c=207034&p=irol-news
Article&ID=1888545 [accessed 06.03.17].

46.  Lovshin JA, Drucker DJ. Incretin-based therapies for type
2 diabetes mellitus. Nat Rev Endocrinol. 2009;5:9---262,
http://dx.doi.org/10.1038/nrendo.2009.48.

47. Vilsboll T, Christensen M, Junker AE, Knop FK, Gluud LL.
Effects of  glucagon-like peptide-1 receptor agonists on weight
loss: systematic review and meta-analyses of  randomised
controlled trials. BMJ. 2012;344:d7771, http://dx.doi.org/
10.1136/bmj.d7771.

48. Murphy KG, Bloom SR. Gut hormones and the regulation
of energy homeostasis. Nature. 2006;444:9---854, http://dx.
doi.org/10.1038/nature05484.

49.  Lean MEJ, Carraro R, Finer N,  Hartvig H,  Lindegaard ML,
Rössner S, et  al. Tolerability of nausea and vomiting and asso-
ciations with weight loss  in a randomized trial of liraglutide
in obese, non-diabetic adults. Int J  Obes. 2014;38:97---689,
http://dx.doi.org/10.1038/ijo.2013.149.

50. Egan AG, Blind E, Dunder K,  de Graeff PA, Hummer BT,
Bourcier T, et  al. Pancreatic safety of incretin-based drugs
--- FDA and EMA assessment. N  Engl J  Med. 2014;370:7---794,
http://dx.doi.org/10.1056/NEJMp1314078.

51. Rosol TJ. On-target effects of GLP-1 receptor agonists on  thy-
roid C-cells in rats and mice. Toxicol Pathol. 2013;41:9---303,
http://dx.doi.org/10.1177/0192623312472402.

52. Marso SP, Daniels GH, Brown-Frandsen K, Kristensen P, Mann
JFE, Nauck MA, et  al. Liraglutide and cardiovascular out-
comes in type 2 diabetes. N  Engl J Med.  2016;375:22---311,
http://dx.doi.org/10.1056/NEJMoa1603827.

53.  Apovian CM, Aronne LJ, Bessesen DH, Mcdonnell ME, Murad
MH, Pagotto U, et  al. Pharmacological management of  obe-
sity: an Endocrine Society Clinical Practice Guideline. J
Clin Endocrinol Metab. 2015;100:342---62, http://dx.doi.org/
10.1210/jc.2014-3415.

54. Cypess AM, Weiner LS,  Roberts-Toler C, Franquet Elía E, Kessler
SH, Kahn PA, et al. Activation of  human brown adipose tissue
by a �3-adrenergic receptor agonist. Cell Metab. 2015;21:8---33,
http://dx.doi.org/10.1016/j.cmet.2014.12.009.

55. Miller J, Strong T, Heinemann J.  Medication trials for
hyperphagia and food-related behaviors in Prader---Willi syn-
drome. Diseases. 2015;3:78---85, http://dx.doi.org/10.3390/
diseases3020078.

dx.doi.org/10.1002/oby.20309
dx.doi.org/10.2337/dc13-0234
dx.doi.org/10.2337/dc13-0234
dx.doi.org/10.1056/NEJMoa1411892
dx.doi.org/10.1038/ijo.2013.120
dx.doi.org/10.1038/ijo.2013.120
dx.doi.org/10.1111/dom.12657
dx.doi.org/10.1111/dom.12657
dx.doi.org/10.1161/CIRCIMAGING.112.000128
dx.doi.org/10.1007/s10072-012-0977-1
dx.doi.org/10.1016/j.eplepsyres.05.014
dx.doi.org/10.1016/j.eplepsyres.05.014
dx.doi.org/10.1002/oby.20584
dx.doi.org/10.1016/j.phrs.2014.04.004
dx.doi.org/10.1016/j.phrs.2014.04.004
dx.doi.org/10.1056/NEJMct0801733
dx.doi.org/10.1056/NEJMct0801733
dx.doi.org/10.1586/14737175.6.9.1249
dx.doi.org/10.1586/14737175.6.9.1249
dx.doi.org/10.1586/14737175.7.1.17
dx.doi.org/10.1586/14737175.7.1.17
dx.doi.org/10.1038/oby.2008.461
http://ir.orexigen.com/phoenix.zhtml?c=207034&p=irol-newsArticle&ID=1888545
http://ir.orexigen.com/phoenix.zhtml?c=207034&p=irol-newsArticle&ID=1888545
dx.doi.org/10.1038/nrendo.2009.48
dx.doi.org/10.1136/bmj.d7771
dx.doi.org/10.1136/bmj.d7771
dx.doi.org/10.1038/nature05484
dx.doi.org/10.1038/nature05484
dx.doi.org/10.1038/ijo.2013.149
dx.doi.org/10.1056/NEJMp1314078
dx.doi.org/10.1177/0192623312472402
dx.doi.org/10.1056/NEJMoa1603827
dx.doi.org/10.1210/jc.2014-3415
dx.doi.org/10.1210/jc.2014-3415
dx.doi.org/10.1016/j.cmet.2014.12.009
dx.doi.org/10.3390/diseases3020078
dx.doi.org/10.3390/diseases3020078

	Past, present and future of pharmacotherapy for obesity
	Introduction
	Therapeutic targets
	History of pharmacotherapy of obesity
	Prior to 1990
	1990–2010
	Orlistat

	Pharmacotherapy of obesity at present
	Lorcaserin
	Combination of extended-release phentermine/topiramate
	Combination of sustained-release naltrexone/bupropion
	Liraglutide

	Usefulness in daily practice
	The future of the pharmacological treatment of obesity
	Conclusions
	Ethical disclosures
	Protection of human and animal subjects
	Confidentiality of data
	Right to privacy and informed consent

	Authorship
	Conflicts of interest
	References


