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Review Article

Emerging pharmacotherapy for treating obesityand

associated cardiometabolic

risk
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The global obesity epidemic is causing much coneenong health professionals due to the major heslkis
associated with obesity. Excess weight, particylathdominal obesity, elevates multiple cardiovaascand
metabolic risk factors, including Type 2 diabetegpertension, dyslipidaemia and cardiovascularagise Thus
obesity management goals should encompass hegitbvement and cardiometabolic risk reduction ad asl
weight loss. While lifestyle and diet modification form the limef all effective strategies for weight reduction
some individuals may need additional interventidhout one in four people with BMI >27 kgfnfthose who
have weight-related morbidity and who have beerucrsssful losing weight in standard ways) may nequi
adjunctive therapy such as pharmacotherapy, vev\elwergy diets/meal replacements, or bariatricexyrdrhis
review focuses on appropriate use of pharmacotiidi@pobesity and cardiometabolic risk. Sibutraenend
orlistat are currently available for use in Augaal Rimonabant has been approved for use in thepean
Union, and is being considered for regulatory aparan the USA and Australia. The efficacy and safef
these three agents are examined. In addition, alevervel pharmacotherapy agents in development are

discussed.
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Introduction
The global obesity epidemic is a well-establishealitye

The chronic and debilitating nature of the diseass®-
ciated with obesity (which apart from metabolic asai-

Worldwide more than one billion adults are ovenidig diovascular disease include cancers and mechacocal
with at least 300 million of these being definedoiese. plications such as osteoarthritis and sleep apnoegrlies
The USA leads the way, with about two-thirds of théhe imperative of its prevention and treatment. meat

population being obese or overweighiut other countries
are not far behind. In Australia, the prevalentelmesity
has more than doubled in the past 20 years amdsit 60%
of Australian adults are now overweight or ob&sghe
obesity epidemic is not limited to the affluentdirstria-
lised societies; rates of obesity are rapidly iasheg in
developing countries where the sheer size of tipailation
means that numbers of obese individuals exceedtbose
of the West. In China, where the overall overweighd
obesity prevalence is about 22.8% and 7.1% reygdyti
and 55.7% of the residents of Beijing are now oeigivt
or obese; it is estimated overall that 200 milleme over-
weight and 60 million Chinese are obése.

This obesity epidemic is causing concern amueajth-

may be of overweight and obesity alone, or of dpeas
part of a core set of risk factors. Numerous chhguide-
lines highlight the importance of addressing olyesspe-
cially abdominal obesity, for example the clinigaihctice
guidelines produced by the National Health and Iadi
Research Council of Austrafiand the World Health Orga-
nisation technical repoft.It is now accepted that a loss of
5-10% of body weight is extremely effective in reihg
progression to Type 2 diabetes and improving riskofs®
However, no outcome study has yet shown that thigak
of weight loss, when sustained, prevents prematacess
mortality. Currently, a number of long-term studiase
attempting to address this issue.

care professionals because obesity poses a magith he

risk. Excess weight, particularly abdominal adipo=le-
vates multiple cardiovascular and metabolic risitdes: it
is associated with increased risk of Type 2 diabeteHi-

tus (T2DM), hypertension, dyslipidaemia and cardia-

vascular disease. Obesity is expected to have a catacorrespondence address:Prof lan Caterson, Human Nutrition

strophic impact on health care and will increasaltheare
costs in the coming decades. It has even beerestagh
that the obesity epidemic could reduce life expaotain

the USA during the Zicentury?®
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Obesity therapy

There is a range of treatment options availableofar-
weight and obesity, including diet and lifestyle dro
fication, behavioural therapy, pharmacotherapyy Vew
calorie diets and meal replacements and bariairigesy.
No single approach will suit all overweight or obesdi-
viduals, but education and support to allow theepatto
modify lifestyle and diet forms the basis of alfesfive
strategie$. This review will concentrate on the appro-
priate use of pharmacotherapy, particularly asettame
new agents in the later stages of development had t
approval process. Other strategies have been destus
previous review&?

In the past, use of obesity pharmacotherapy has bee

controversial and somewhat difficult. Availablethpies
were not ideaf, and to this was added the belief or per-
ception that losing weight or maintaining weighédavas
all down to willpower and individual choic8.This atti-
tude still persists despite the advances in knogdedn
the physiology of energy balance that show thatybod
weight (and weight maintenance) are as powerfudly d
fended as respiration and blood presstirEor example a
recent study showed that the lower leptin level®raf
weight loss may produce hunger, or drive to eat, this
may explain the propensity to regain lost weightDe-
spite this, food intake is clearly a behaviour tisaih part
modifiable by volitiot? and this accounts for the sy-
nergism of interventions that include behaviouharapy

to achieve and maintain significant weight loss.(B84 of
body weight) and by the beneficial effects of weilgss
on the co-morbidities of obesity, such as T2DM, hype
tension and dyslipidaemfa!

Most individuals measure the effectivenesa afeight
loss programme simply in terms of weight loss ifoki
grams. However, waist circumference is one ofrtiust
useful clinical measures of disease risk. It isye® de-
termine in practice, it is obvious to the patiectignge in
belt size) and a reduction in WC produces a redndti
risk. Realistic goals are shown in Tabl® 1.

Table 1.Realistic goals for weight lo$s

Duration Weight Waist
circumference
Short term 1-4 kg/month 1-4 cm/month
Medium term 10% of initial 5% after 6 weeks
weight
Long term (1-5 10-20% of initial <88 cm (women)
years) weight <102 cm (men)

Adjunctive therapy

If patients do not achieve sufficient weight lossnieet
their goals, or to control their obesity-associatemt
morbidities, with a lifestyle intervention alonehen
adjunctive therapy should be considered. Adjuecthe-
rapy includes specific pharmacotherapy, very lowrgn
diets or meal replacements, and bariatric (obesity}

and pharmacotherapy in terms of amplified weightgery. All are useful and effective, but in thisiev only

13,14

loss
obesity as a therapeutic goal is important as vidags
effectively reduces many cardiometabolic risk festo
Although overweight people (body mass index, BMI,
25-30 kg/mM) are at increased risk of dyslipidaemia,
hypertension and T2DM, lifestyle and diet intervens
are generally considered sufficient to help redwegght
and control risk in these individudisSuch lifestyle inter-
vention can be effective but require consideralde r
sources to delive ™" About 25-30% of obese people
and those with a BMI >27 kgfmmay require some form
of adjunctive therapy to supplement diet and hfiest

It needs to be reemphasised that targetinggharmacotherapy will be considered.

Pharmacotherapy: When and how?
Pharmacotherapy should be considered for people who
have®
- aBMI of 30 kg/nt, or 27 kg/nf together with other
risk factors
- failed to lose weight through diet, exercise and
behavioural therapy.
Pharmacotherapy is not, and should not be edeas
an ‘easy option’ that can replace diet and lifesgthange
- all clinical studies demonstrating successfulghieioss

change$. Such an intervention is generally reserved forhave combined pharmacotherapy with an energy-

those whose health is impaired and who have been u
successful at losing weight in standard whys.

Assessment of obesity

For years, weight alone or BMI (weight in kg/height
m?) have been used to assess obesity and overwbight,
it is now recognised that body-fat distribution slibbe
taken into account. Those with upper body or abdammi
obesity are at greater risk. Such distribution nimy
assessed by waist-to-hip (w/h) ratios but waistun-
ference (WC) has been identified as the most dilyic
relevant measure of abdominal obéesind its response
to treatment® Specific cut-points for the definition of
obesity by BMI, and of those at increased risk b W
have been developed, and there is continuing detsate
whether these need to be made ethnic spééffic.

restricted diet and activify.Weight loss should be eva-
luated in the first six weeks to three months efrépy, as
patients who experience early weight loss are rikedy
to obtain long-term benefit. If there is inadeguateight
loss (<1.5 kg) in the first 6 weeks of therapy biess
than 5% of body weight is lost during the first @mths,
then discontinuation of pharmacotherapy should dre ¢
sidered®

During a weight loss programme, most weighibs
over the first six months and often a plateau plsdeen
entered. Maintaining a steady weight is a validlgmd a
major benefit in itself, since the natural histafyvolun-
tary weight loss, especially for obese people igiatere-
gain. Clearly if pharmacotherapy has contributedhie
weight loss and weight loss maintenance it shoalddn-
tinued. Patients do need the support of an onglifierg

Treatment goals should emphasise health improvestyle programme. If weight is regained, more intems

ments, not just reduced body weight and WC (BMI
change is not a good measure of individual suctess
programme). Success should be measured by they abil

therapy needs to be started and consideration govesr
starting pharmacotherapy, if the patient has discoad
it.5
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Current and emerging pharmacotherapies

Obesity is a chronic condition, and pharmacotherapy
only effective while it is being taken. Most clinictrials
of obesity pharmacotherapy have been limited ta 2 o
years of drug therapy (there is a single, publishaaar

is not recommended for use in conjunction with -anti
depressants, both other selective serotonin reepidni-
bitors and particularly monoamine oxidase inhiksifor
Since there is a high prevalence of depressioraiiemts
presenting for treatmeft,this may limit the use of sibu-

trial** and other longer trials are in progress), so theramine in clinical practice.

effects of long term treatment are not really knows
for any other long term drug treatment, if therépyo be
continued it must be with minimal potential riskelsside
effects; trials in progress will help determine tbot
effectiveness and any potential risks or probl&rssil
other trials will need to be performed to determthe
lowest effective dose of specific obesity pharmhen-
peutic agents for long term treatment.

Current pharmacotherapy

Several drugs are approved for weight loss in Aalistr
Older drugs such as phentermine will not be comsitle
here, since there is too small a ‘modern’ evidebase.
Newer, approved drugs are sibutramine (Redictil
Abbott Laboratories) and orlistat (Xeni€alRoche Pro-
ducts).

Sibutramine

Mechanism of action

Sibutramine is a selective serotonin and noradirenaé-

uptake inhibitor with both central and periphertieets.

It increases satiety, thereby acting as an appifipress-
ant. It also prevents the normal fall in restingtabolic

rate that occurs during weight Id5s.

Use
Sibutramine is effective at doses ranging from 5#id3
day. The usual starting dose of 10 mg/day is irr@@do

Efficacy

Randomised controlled trials have compared sibutram
with placebd®??*In these trials, a greater proportion of
patients in the sibutramine groups achieved wdugtes
of 5% and 10% of baseline body weight than in the
placebo groups (Fig. 1). The weight loss with axtiv
treatment is about double that with lifestyle tipgralone,
on average an extra 4.5 kg. Other trials have emetp
the combination of lifestyle therapy plus placebdhw
lifestyle therapy plus sibutramine in maintenande o
weight loss, enrolling those patients who lost weig
during either a run-in period with sibutramine ofoar-
week very-low energy dié¢f:? Sibutramine was effective
both in producing weight loss and in maintainingghée
loss for up to 2 yearS.The combination of intensive life-
style therapy and sibutramine was more effectivanth
either approach alorfe.

Sibutramine therapy improves several cardicwvias
risk factors. Beneficial changes in glycaemic coingin
patients with Type 2 diabetes), serum lipids, imsuC-
peptide, uric acid and waist circumference haven e
served in clinical trials, and there is an importacrease
of more than 20% in HDL-cholesterol occurring after
weight was stabilised (placebo-subtracted incremas
9% at 2 years and 4.8% at 1 yedrMost of these
changes were in proportion to the degree of weligstt
although the effect on HDL appeared was greaten tha

15mg/day if a weight loss of >1.5kg is not achievedmight be expected from weight loSs.

during the first 4-6 weeks of treatméntlt should be

used with caution in people with a history of hyper Safety

tension, and is not recommended for those with remo
artery disease, arrhythmias, congestive heart réaitr

Sibutramine is well tolerated and effective, butasso-
ciated with an increase in blood pressure (of B tmm

stroke® There is a current trial of cardiovascular outcomeHg) and heart rate (4 to 5 beats per minute) inesom

with weight loss induced by lifestyle programme avith
sibutramine in such patients (SCOUT), and resultsiish
be available within a few years. In Australia siamine

people. The most commonly-reported adverse events i
clinical trials include headache, dry mouth, cquetibn
and insomnid.
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Figure 1. Proportion of patients achieving a weight loss &% or

10% of body weight with sibutraminersusplacebo
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Orlistat Safety

Mechanism of action Orlistat is associated with gastrointestinal adeefects
Orlistat acts by inhibiting gastrointestinal lipasevhich including steatorrhoea, bloating, flatulence, faeur
then are unable to breakdown dietary triglyceridest gency and leakage, all of which may be reducedaif p
absorption is reduced by about 30%, and non-digdate tients adhere to a low fat diet. However thesdaagant

is passed out with the faec@s. side effects can be considered a "learning expegleand
may encourage dietary adherefifé’ Gastrointestinal
Use adverse events were more common during the firat ye

Orlistat is typically taken in doses of 120 mg thtemes  (91%) than the fourth year (36%) of orlistat therah
daily before meals. It is important that dietaryifdake is  Absorption of fat soluble vitamins is reduced wathistat
restricted to <20 g per meal, to minimize gastestinal though the serum levels remain in the normal rabge,

effects (see safetyf vitamin supplementation may be required with loogre
ses of treatment (>1 yedr).Orlistat has a good safety
Efficacy profile and is now available "over the counter’Aunstra-

Orlistat combined with a low-energy, low-fat diatluces lian pharmacies. These medications are availakblbat
a mean weight loss of about 8.5 kg (8.5% body wgigh about even newer agents?
after one or two years of treatment. In placebatae
patients there is a loss of some 5.5 kg, giving¢hoeated Rimonabant
with orlistat an average additional weight los8dég®?’  Rimonabant (Acomplifa sanofi-aventis) has recently
Compared with placebo, orlistat improves weightmmai been approved for use in the European Union as an ad
tenance when patients switch from a low-energy tqunct to diet and exercise for the treatment ofsebpa-
normal energy (weight maintenance) diet, and tffisce  tients (BMI 30 kg/nf) or overweight patients (BMI27
continues for up to 4 years, although over thaetin kg/n?) with associated risk factors such as Type 2 dia-
small increase in weight is observed in both placabbd betes or dyslipidaemia. It is also being considdog re-
active treatment groups’ However, there is quite good gulatory approval in the USA and Australia.
weight loss with persisting beneficial changesimdk,
blood pressure, diabetes control and weight and WC.  Mechanism of action

Orlistat has been shown to decrease total Ldbidc- The endocannabinoid (EC) system plays a role in re-
cholesterol relative to placebo due to its specifimde of gulating metabolism and body composition. Actieati
action® and there is a small rise in HDL-cholesterol. Inof cannabinoid-1 (CB receptors by endogenous ligands
the four-year XENDOS study, orlistat significanttg-  (endocannabinoids) enhances the central orexighie
duced the incidence of Type 2 diabetes among obegstimulating appetite) and alters glucose and lipieta-
patients with impaired glucose tolerance (FigX*2drli-  bolism?® CB, receptors are found in several sites in-
stat appeared to improve LDL-cholestétand insulin  cluding the brain, liver, muscle and gtitRimonabant is
resistanc® to a greater degree than would be expectethe first selective CBreceptor blocker, and is thought to
from weight loss alone. When those with equal weighact by decreasing the overactivity of the EC systérith
losses (produced by a weight programme alone a@rlby is present in obesity. In pre-clinical trials, rimonabant
stat plus such a programme) were considered, tiheae decreased the body weight of diet-induced obese tc
ted with orlistat had less insulin resistance beeanf the 20% and depleted fat stores by 50%. Plasma glumose
effect of orlistat in reducing fat absorptigh. insulin levels were lowered, and both insuéisistance

351 Figure 2: Incidence of Type 2 diabetes in obese

patients randomised to lifestyle changes plus eithe

20 . - orlistat or placebo for 4 yedfs

[] placebt
25 1

orlistat

20 1 188 Overall:N = 3277;'P = 0.0032versusplacebo

IGT: impaired glucose tolerandd;= 694;
™ P = 0.0024versusplacebo

NGT: normal glucose toleranci;= 2583;
P = not significant

15 -

6.2

Cumulative incidence rate of Type 2 diabetes (%)

26 2.7

overall IGT NGT
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and pro-inflammatory cytokine levels were reduted. alterations with this new class of agents. Withdrsw
from trials due to depression and anxiety were niare
Efficacy guent among rimonabant-treated patients, but therne

Rimonabant effectively reduces both weight and tvaisno differences between rimonabant and placebo group
(there have been 4 major trials in over 6,600 p&ti¢o  the anxiety or depression subscales of the Hospital
date and the results are similar in ea€’ Significantly  xiety and Depression scafe®
more subjects taking rimonabant (20mg) achieved a
weight loss of 5% and 10% than those on placebo Agents in development
(P<0.001), both groups having been treated with arhere are a number of pharmacotherapies currentj-in
lifestyle intervention (Fig. 3). The decrease inswvair- nical development for obesity and associated ras f
cumference was approximately 1cm for each kilogramors3® Some of these are in existing drug classes (e.g.
lost. Rimonabant therapy reduced serum triglyessid lipase inhibitors, CBreceptor blockers). Some informa-
fasting insulin, and C-reactive protein levé$? and, tion on drugs in new pharmacological categoriegiven
importantly, HDL cholesterol levels increased by top below, although information on such drugs is limdite
27% after one yedfr (placebo subtracted increase
approximately 99%673. In those with Type 2 diabetes, Glucagon-like peptide-1 (GLP-1) based drugs
glycaemic control improved with rimonabant therdpy>  The antidiabetic drug exenatide, and other relatd-c
When the ATPIII definition for the metabolic syndte  pounds, such as exenatide-LAR, PC-DAC:Exendin-4 and
was used, the proportion of patients in which #ys- liraglutide, are incretin-mimetics that exhibit gbs
drome improved or disappeared was greater followingegulatory activities similar to the endogenousnhame
treatment with rimonabant than in the placebo gr8iip ~ GLP-12**They are approved (or are in development) for
Rimonabant appeared to improve some cardiemetaglycaemic control in people with Type 2 diabetes.yThe
bolic parameters to a greater degree than wouldtie  are given by injection currently, and appear tovieey
buted to weight loss alone. Specifically, theraavim-  effective. People with diabetes who participatealini-
creases in HDL-cholesterol and adiponectin, anid fal cal trials with these compounds demonstrated a hteig
triglycerides and HbA that were up to 50% greater than loss, in addition to much improved glycaemic cohifo
would be expected just from weight loss aldhé® This
may reflect the metabolic action of rimonabant arip
pheral tissued' A trial of cardiovascular outcomes with
rimonabant (CRESCENDO) has recently commenced an
will follow patients for over 4 years.

Pramlintide

The amylin analogue pramlintide is currently FDA-
pproved for use in people with Type 1 or Type 2 dia-
etes who cannot achieve glycaemic control witerint

sive insulin therapy. Clinical trials with pramiiide de-

monstrated a weight loss in patients with Type 2 dia

betes’’® and one study indicated enhanced satiety and

reduced food intake may account for these eff&cts.

Safety

Rimonabant treatment for up to 2 years was we#-tol
rated, with adverse events reported in the 4 ndijoical
trials being mostly mild to moderate and transiéit. APD-356

The most common adverse event associated with rimon&PD-356 is a selective 5-HJagonist which is thought to
bant was mild naus€a.>? Other adverse events reported act by reducing food intake. Phase | and Il clihicil
include diarrhoea, dizziness and less frequentlgdrtis-  data suggest that the drug is well tolerated aaddeo
orders. One potential concern was the possibifitpaod weight reductior?®

Figure 3. Patients achieving weight loss &% or
707 10% of body weight after 1 year treatment with
rimonabant 20 mg (intent-to-treat populatiiiy?
58
60 - T
> 51 49 I:I placebo patients achieving% weight loss
@ 50 ] I -
o) 7z
3 rimonabant patients achievin§% weight loss
(o))
c 40
5 33 placebo patients achieving 0% weight loss
S i 27 S
ﬁ 30 25 rimonabant patients achieving0% weight loss
< 19 20 20 i
= 20 P <0.001 versus placebo
a RIO Europe: Rimonabant In Obesity European sfildy;
7 9 7 rimonabant (20 mg\ = 599, placeb® = 305
101 RIO NA: Rimonabant In Obesity North American
study? rimonabant (20 mg)l = 1219, placebo
0 N = 607
- RIO Lipids: Rimonabant In Obesity study in obese
RIO E RIO NA RIO LI
© Europe © O Lipids people with dyslipidaemi®¥ rimonabant (20 mg)

N = 346, placeb® = 342
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AOD-9604

AOD-9604 is a novel anti-obesity drug, a synthetichypertension.

growth hormone fragment that is thought to stireuliit
metabolism by selectively mimicking the activity of
growth hormone on adipose tissue and increasing lip
lysis. In preclinical trials weight gain was inkidd in
obese rodents, an effect thought to be associaithdaw
increase in fat breakdown and decrease in fatgtora\
Phase llb clinical trial conducted in five cent@sross
Australia demonstrated significantly greater weifgds
with AOD-9604 (1-30 mg) than with placebo; the effe
was most marked at the lowest dose of the rangjed?

Discussion

What is now evident is that moderate weight loss loa
achieved and maintained for up to at least 4 yeehs
duration of weight loss has significant effectsatresity-

tenance, a concept rather like the long-term comifo
Secondly, the absolute necessitydifetr
activity and behaviour change (a "lifestyle prognaet)
to underpin abdominal fat loss, weight loss andnmai
tenance cannot be over-emphasised.

Summary

Moderate weight loss, and reduction in abdominad-ob
sity, can be achieved and maintained with the nkarp
macotherapies plus a lifestyle programme. Thishiese-
ficial effects on metabolic disease and cardioviasaisk
factors, as well as mobility and self esteem in dbese
individual. The emerging pharmacotherapy with rimon
bant holds additional promise, with effects thapear
independent of weight loss, and it is hoped thé wuch
specific treatment, more individuals will achievada
maintain their weight goals and improve their cardi

associated diseases such as diabetes, and on firetabmetabolic risk.
and cardiovascular risk. These maintained benéficia
changes can be brought about by a therapeutic pr&eferences

gramme which includes a mildly hypocaloric diet; in
creased activity, behaviour modification and specif
obesity pharmacotherapy. This simple finding neteds
be emphasised, as many in the health system neaed-to
lise what has already been, and can be, done ightvei
loss and maintenance.

The hypothesis that abdominal adiposity, nathan
the absolute amount of fat, underlies the increaisidof
Type 2 diabetes and cardiovascular disease wasafirst
vanced almost 50 years ago by Jean Vdgaed is now
supported by growing eviden&d’ Intra-abdominal adi-
pose tissue is an active endocrine organ that tescre
biologically-active substances (adipokines). Sémnebf
pro-inflammatory, pro-atherogenic adipokines, suah
interleukin-6, tumour necrosis factor-alpha, plasmgien
activator inhibitor-1 and C-reactive protein alkcinase
with increased abdominal obesity, whereas secraifon
adiponectin, an apparently cardioprotective adipekis
reduced in abdominally obese individuflsThere are
other possible factors which also change with abdaim
adiposity. For example, decreased release of &atitys
from visceral fat depots with consequent reducedapo
vein concentrations and exposure of hepatocytdatty
acids, may directly decrease insulin resistance.

One main clinical goal in obesity managemestwall
as the obvious weight reduction which may have mech
nical benefits and improve psychosocial factorsthis
reduction of cardiovascular and metabolic risk. Efeme
obesity management should target abdominal obanity
its associated cardiometabolic risk parameters.

Pharmacotherapy for obesity is often regaated last
resort. However, it is interesting to note thathaligh
management guidelines for individual risk factaustsas
hypertension and dyslipidaemia recommend diet ded |
style changes as the first option, prescriptionaafi-
hypertensive or lipid-lowering medication is common
because lifestyle measures are frequently unsuotess
With the development of new, effective drugs, precom
therapy for the cardiometabolic risk associated wibe-
sity may, in the future, be considered in the sdigig.
Additionally, two factors need to be emphasisece fitst

is the role of pharmacotherapy in weight loss main-
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