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Management of obesity
George A Bray, Gema Frühbeck, Donna H Ryan, John P H Wilding

A modern approach to obesity acknowledges the multifactorial determinants of weight gain and the health beneﬁts to
be derived from weight loss. Foundational to any weight loss eﬀort is lifestyle change, diet, and increased physical
activity. The approach should be a high quality diet to which patients will adhere accompanied by an exercise
prescription describing frequency, intensity, type, and time with a minimum of 150 min moderate weekly activity. For
patients who struggle with weight loss and who would receive health beneﬁt from weight loss, management of
medications that are contributing to weight gain and use of approved medications for chronic weight management
along with lifestyle changes are appropriate. Medications approved in the USA or European Union are orlistat,
naltrexone/bupropion, and liraglutide; in the USA, lorcaserin and phentermine/topiramate are also available.
Surgical management (gastric banding, sleeve gastrectomy, and Roux-en Y gastric bypass) can produce remarkable
health improvement and reduce mortality for patients with severe obesity.

Introduction
In the past 50 years, obesity has become an international
public health issue that aﬀects the quality of life,
increases the risk of illness, and raises health-care costs
in countries in all parts of the world (appendix).1–6
Measurement of obesity in these surveys1–6 is done with
the body-mass index (BMI; weight in kg/height in m²),
which has a good correlation with body fat.7 The BMI has
the advantage of simplicity in epidemiological studies,
but it has deﬁciencies because it does not distinguish
between fat and lean body mass.8 Thus, BMI should be
considered as a screening measurement rather than a
diagnostic method. Additional measurements to
complement the BMI and should include waist
circumference (or waist-to-height ratio).9,10 Both variables
are strong predictors of health risk.9,10 The physician
should take ethnicity into consideration when assessing
the waist circumference of a particular patient.11 In
addition to measures of central adiposity, blood pressure,
glucose, and lipids (HDL and triglycerides) should also
be measured.
Obesity management is expensive12,13 and, along with
diabetes, obesity is a disease that needs to be defused.14
Medical costs rise progressively as BMI increases15 and
are expected to continue to rise in the next 15 years.16,17
Obesity is second only to depression in its cost to
employers.18
Obesity has a multifactorial nature resulting from
genetic, epigenetic, physiological, behavioural, sociocultural, and environmental factors that lead to an
imbalance between energy intake and expenditure
during an extended time period. The importance of less
sleep, endocrine disruptors—such as some chemicals in
food packaging and foods—increased time in
climate-controlled areas, cessation of smoking, weight
gain that is associated with some medications, older
parental age at birth, and intrauterine and intergenerational eﬀects have been reported as contributors
to the obesity epidemic.19,20
Obesity shortens life span21 and aﬀects the function of
many organ systems21–23 (appendix). Mortality results from
several diseases that are associated with obesity, including
www.thelancet.com Vol 387 May 7, 2016

diabetes, chronic kidney disease, gastrointestinal disease,
and cardiovascular disease and maintaining weight loss is
often diﬃcult or unsuccessful.24,25

Management of the patients with obesity
The rising prevalence of obesity worldwide calls for
preventive strategies to defuse the future health and
economic costs of this problem Economic and
technological changes in the environment have driven
the obesity epidemic,26 and many studies have tested
strategies in schools, work-sites, and the community
that might prevent the rise of BMI, but so far these
eﬀorts have had little eﬀect,27,28 and the evidence for use
of eﬀective economic policies to prevent obesity
remains limited.26
When prevention of obesity does not work, as occurs
for many people, treatment is indicated. To guide healthcare professionals in treating obesity eﬀectively, several
guidelines have been developed in the USA,29–31 in the
UK,32 and in Europe.33,34 We use these guidelines as the
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Search strategy and selection criteria
We searched for original articles and reviews published
between Jan 1, 1990, and Aug 31, 2015, focusing on obesity
management in PubMed and MEDLINE using the following
search terms (or combination of terms): “obesity”, “weight
loss”, “management”, “treatment”, “guidelines”,
“recommendations”, “costs”, “outcomes”, “comorbidity or
comorbidities”, “body composition”, “life-style intervention”,
“physical activity”, “exercise”, “pharmacotherapy”,
“medication”, “anti-obesity drugs”, “bariatric surgery”, and
“metabolic surgery”. Only full-text articles written in English
were included. References published after September, 2015,
were also identiﬁed and selected. Articles in journals with
explicit policies governing conﬂicts of interest and stringent
peer-review processes were favoured. Data from larger
replicated studies with longer periods of observation when
possible were systematically chosen to be presented. More
weight was given to randomised controlled trials, prospective
case-control studies, meta-analyses, and systematic reviews.
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basis for outlining therapy for obesity, which can include
lifestyle changes, dietary modiﬁcation, increased physical
activity, the use of medications, and in some cases the
recommendation for surgery.

Lifestyle changes
The cornerstone for treatment of a patient with obesity in
the USA, UK, and Europe, and many other countries
is a comprehensive, or multicomponent lifestyle
intervention.29,30,32,35 The term comprehensive refers to
simultaneous implementation of three strategies:
lifestyle or behavioural training, dietary change to reduce
energy intake, and an increase in physical activity. The
evidence supporting the eﬃcacy of lifestyle intervention
or behavioural modiﬁcation is supported, partly, by data
from two large randomised clinical trials: the Look
AHEAD36 and the Diabetes Prevention Program.37 Three
variables, including number of behavioural sessions
attended, number of meal replacements used ,and the
weekly minutes of physical activity all predicted weight
loss at 1, 4, and 8 years in the Look AHEAD study and
these are summarised for the 8 year data (ﬁgure 1).
A systematic review29 of evidence showed that if these
components are delivered in at least 14 face-to-face
(group or individual) sessions over 6 months with
treatment continuing to 1 year, the average reported
weight loss would be 8 kg. Although this might seem
small, it translates into clinically signiﬁcant improvements in blood pressure, triglycerides, HDL, measures
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Figure 1: Factors that predict weight loss in the Look AHEAD study36,40
Eﬀect of physical activity (A), behaviour sessions (B), meal replacements (C) on weight loss. (D) Weight loss at
years 4 and 8 after beginning the study is shown relative to percentage weight loss at 1 month and 2 months.
Greater weight loss at 1 year is associated with greater proportion of visits attended, minutes per week of physical
activity, and greater meal replacement use (A, B, C). The tertiles of weight ranges are shown below each set of bars.
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of glycaemic control, and reduction in risk for progression
to type 2 diabetes.29 On the basis of these and other
ﬁndings, the US Preventive Services Task Force38 has
recommended that individuals with obesity and
cardiovascular disease risk factors should be referred for
lifestyle treatment, and the US Center for Medicare and
Medicaid Services promote policies to reimburse
providers for intensive behavioural therapy for the
patient with obesity.39 In the UK, the National Institute
for Health and Care Excellence recommends
progressively intensive interventions on the basis of the
degree of overweight and obesity and presence of
comorbidities.
The initial rate of weight loss in the ﬁrst and second
months predicted weight loss at 4 and 8 years in the
Look AHEAD study (ﬁgure 1). Individuals losing less
than 3% of their bodyweight at 2 months were 2·5%
below the average baseline weight at 8 years, whereas
those losing 3–6% of their bodyweight were about
4·5% below baseline at 8 years, and those losing more
than 6% were roughly 7% below baseline on average at
8 years, data which suggests that larger early weight
losses are beneﬁcial.40 Commercial programmes of
many types can provide a useful strategy for some
individuals to lose weight.41 The costs and methods of
delivering treatment vary which might aﬀect
compliance and real-world applicability. These
commercial programmes provide on average a weight
loss of about 3% per year, but long-term compliance
is generally poor. Studies longer than 1 year are sparse.
A meta-analysis42 comparing these named diets
identiﬁed that diﬀerences between them were
not signiﬁcant.

Several considerations enter into selecting a diet for
weight loss. It must have less energy than is required for
daily maintenance29,43,44 and be one to which the patient
will adhere and possibly provide other health beneﬁts. A
reduction of energy by 500 kcal/day below energy
requirements or by using a dietary plan that has
1200–1500 kcal/day for women or 1500–1800 kcal/day for
men (increased by a further 300 kcal/day for each sex if
weight exceeds 150 kg) will accomplish the ﬁrst goal. In
addition to reducing calories, some dietary patterns seem
to oﬀer other health beneﬁts.45–47 Some believe that there
is a magic weight loss diet (one that gets you to your ideal
weight and allows you to eat as much as you want, with
only the need to eat the right foods). This belief has
stimulated many studies that have focused on diﬀerent
amounts of dietary fat, protein, or carbohydrate. These
low-fat, low-carbohydrate or high-protein, low glycaemicindex, and balanced deﬁcit diets have been compared in
many studies and summarised in a few meta-analyses.
One of the largest studies with 811 patients who were
obese or overweight, the POUNDS Lost study,48 compared
diets with 20% or 40% fat and 15% or 25% protein and
www.thelancet.com Vol 387 May 7, 2016
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reported no diﬀerence in weight loss at 6 months or
2 years. A meta-analysis49 of low-carbohydrate versus lowfat diets was in agreement stating that low-carbohydrate
diets are at least as eﬀective as low-fat diets at reducing
weight and improving metabolic risk factors. A systematic
review29 of evidence from 17 diets also showed that no one
diet was better. Similarly, a meta-analysis42 of named diets
showed no signiﬁcant diﬀerence in weight loss between
them. Thus, the best advice is to provide low energy diets
that are likely to be adhered to by the patient and provide
health beneﬁts.
A slightly more favourable picture emerges for the
Mediterranean style diet. In a meta-analysis50 of nine
studies with 1178 patients, Mediterranean style diets were
associated with a signiﬁcant decrease in bodyweight and
BMI and reductions in haemoglobin A1c, fasting plasma
glucose, and fasting insulin. Along with this eﬀect on
bodyweight, one version of this dietary pattern can
reduce cardiovascular disease risk.47
The jury is still out about low-glycaemic index or lowglycaemic load diets. A 5 week randomised trial showed
no signiﬁcant eﬀect of these diets on insulin resistance
or markers of cardiovascular disease risk.51 A metaanalysis of 14 studies,52 however, raised concerns.
Although C-reactive protein and fasting insulin did
beneﬁt from the low-glycaemic index or low-glycaemic
diets, there was a signiﬁcant loss of fat-free mass, leading
to caution in recommending the use of low-glycaemic
index diets for weight loss.
Very low-calorie diets or very low-energy diets, deﬁned
as having 200 and 800 kcal/day, provide a lower energy
intake that might result in more rapid loss of body fat
and weight. Some studies have shown that such an
approach can rapidly normalise blood glucose and other
risk factors in people with type 2 diabetes. Systematic

Weight gain

reviews,32,53 however, suggested that although initial
weight loss is more rapid with these diets, weight change
after 1 year or more does not diﬀer much from
comprehensive or multicomponent approaches and does
not recommend their routine use, although they might
be considered if rapid weight loss is clinically necessary.
In their analysis of commercial programmes, Gudzune
and colleagues41 showed that very low-calorie
programmes, which are usually medically monitored
(Health Management Resources, Medifast, and
OPTIFAST) resulted in at least 4·0% greater short-term
weight loss than counselling, but some attenuation of
eﬀect occurred after 6 months.

Physical activity
Increased physical activity is an essential component
of comprehensive lifestyle intervention for obesity
management. The recommendations in US and UK
guidelines typically prescribe gradually increasing aerobic
physical activity (such as brisk walking) to reach a goal of
more than 150 min/week (equal to >30 min/day, for at
least 5 days each week).29,32,54 This has beneﬁts for general
health that are independent of weight loss.55 Metaanalysis32,56 of trials indicated that this results in an
additional 1–1·5kg weight loss over 12 months in addition
to dietary intervention alone. There is evidence29,57 that a
greater amount physical activity (30–45 min/day) is needed
to prevent obesity and that for long-term weight
maintenance in those who have lost weight, 60–90 min/day
is required, but this is likely to require close supervision as
part of an intensive programme, which might not be
practical or sustainable in many clinical settings.58–60
However, although physical activity is eﬀective in the short
term in controlled settings, the activities and their beneﬁts
are not readily sustained, as was found comparing the

Weight neutral

Weight loss

Antidiabetics

Insulin; sulfonylureas (many); meglitinides Dipeptidyl peptidase-4 inhibitors (many) Metformin; pramlintide GLP-1 agonists
(exenatide, liraglutide, others);
(nateglinide, repaglinide); glitazones
sodium-glucose co-transporter-2
(pioglitazone, rosiglitazone)
inhibitors (canagliﬂozin, others)

Antidepressants or mood
stabilisers

Citalopram; fuvoxamine; vortionzetine;
Monoamine oxidase inhibitors (many);
duloxetine; venlafaxine; nefazodone;
tricyclics (some—ie, doxepin); serotonin
reuptake inhibitors (some—ie, paroxetine); sertraline (<1 year) psychotherapy
mirtazapine; lithium

Antipsychotics

Clozapine; risperidone; olanzapine;
quetiapine; haloperidol; perphenazine;
quetiapine

Ziprasidone; aripiprizole psychotherapy

··

Anticonvulsants

Carbamazepine; gabapentin; valproate

Lamotrigine

Topiramate; zonisamide

Antihistamines

Cycloheptadine; diphenhydramine;
doxepin

Steroid inhalers; decongestants

··

Adrenergic blockers

Propranolol; doxazosin

··
Angiotensin converting enzyme
inhibitors; angiotensin receptor blockers;
calcium channel blockers

Adrenal steroids

Corticosteroids

Non-steroidal anti-inﬂammatory drugs

··

Oral contraceptives

··

··

··

Venlafaxine; bupropion; ﬂuoxetine
(short term)

Table 1: Medications aﬀecting weight gain and alternative approaches
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Mechanism of action

Available for chronic
use

Mean percentage weight
loss

USA

European
Union

Placebo

Drug

Advantages

Disadvantages

Phentermine; 15–30 mg orally

Sympathomimetic

For shortterm use

No

Not stated
in label

Not stated in
label

Inexpensive

Side-eﬀect proﬁle; no
long-term data*

Orlistat; 120 mg orally three times a
day before meals

Pancreatic lipase inhibitor

Yes

Yes

−2·6%†

−6·1%†

Not absorbed;
long-term data*

Modest weight loss;
side-eﬀect proﬁle

Lorcaserin; 10 mg orally twice a day

5-HT2C serotonin agonist with little
aﬃnity for other serotonergic
receptors

Yes

No

−2·5%

−5·8%

Mild side-eﬀects;
long-term data*

Expensive; modest
weight loss

Phentermine/ topiramate ER;
7·5 mg/46 mg or 15 mg/92 mg orally
indicated as rescue (requires titration)

Sympathomimetic anticonvulsant
(GABA receptor modulation, carbonic
anhydrase inhibition, glutamate
antagonism)

Yes

No

−1·2%

−7·8% (middose) −9·8%
(full dose)

Robust weight loss;
long-term data*

Expensive; teratogen

Naltrexone SR/ bupropion SR;
32 mg/360 mg orally (requires
titration)

Opioid receptor antagonist;
dopamine and noradrenaline
reuptake inhibitor

Yes

Yes

−1·3%

−5·4%

Reduces food craving;
long-term data*

Moderately expensive;
side-eﬀect proﬁle

Liraglutide; 3·0 mg Injection (requires
titration)

GLP-1 receptor agonist

Yes

Yes

−3%

−7·4% (full
dose)

Side-eﬀect proﬁle;
long-term data*

Expensive; injectable

Information is from US product labels, except where noted. The data supporting these tables are derived from the prescribing information labelling approved by the US Food and Drug Administration.64–69
ER=extended release. SR=sustained release. *Data from randomised controlled trials lasting more than 52 weeks. †Assuming the average patient in the orlistat and placebo groups weighed 100 kg at baseline.

Table 2: Medications for weight management with mechanism of action, availability, and dosing

1 and 4 year results in the Look AHEAD study.36 The type of
physical activity (eg, aerobic vs resistance or high intensity
vs low intensity) does not seem to aﬀect overall weight loss,
but as more intensive activity produces similar weight loss
with a reduced time commitment, this might be preferable
to some; it would therefore seem appropriate to
recommend programmes that are acceptable to patients.55,61

Pharmacotherapy
A systematic review and clinical guidance29 sponsored
by the Endocrine Society promotes the concept that, for
patients with obesity, medicating for chronic diseases
should be with a weight centric focus. Many medications
in use for common chronic diseases produce weight
gain, and others are associated with weight loss, albeit
those medications do not have an obesity indication.
Whenever possible, patients with obesity should avoid
medications associated with gain and use weight neutral
medications or those associated with loss (table 1).31,62,63
The indications for adding pharmacotherapy to a
weight loss eﬀort are history of failure to achieve clinically
meaningful weight loss (>5% of total bodyweight) and to
sustain lost weight, for patients who meet regulatory
prescribing guidelines (BMI ≥27 kg/m² with one or more
comorbidities or a BMI >30 kg/m² with or without
associated metabolic eﬀects).29,31,32
Five medications have been approved in the USA for
chronic weight management, and three of these have
also been approved in the European Union (table 2,
ﬁgure 2).
Several guiding principles should be followed when
prescribing drugs for weight loss.31 First, eﬀective lifestyle
support for weight loss should be provided during their
1950

use. These medications work to reinforce the patient’s
attempts to change eating behaviours and produce an
energy deﬁcit. Second, the prescriber and patient should
be familiar with the drug and its potential side-eﬀects.
Third, unless clinically meaningful weight loss occurs
after 3 to 4 months, (generally deﬁned as loss of more
than 4–5% of total bodyweight in patients without
diabetes; in patients with obesity and diabetes, loss of
more than 3% of total bodyweight can be considered
satisfactory) a new treatment plan should be implemented.
No one medication is eﬀective in every patient just as not
every patient is appropriate for every medication.
Phentermine is a sympathomimetic drug with cardiostimulatory properties.64 It has only been studied in
short-term trials and is a controlled substance in the
USA. It has misuse potential (albeit small) and small risk
of primary pulmonary hypertension, thus making its use
for managing a chronic disease less than ideal. Orlistat is
a pancreatic lipase inhibitor that blocks absorption of
30% of ingested fat when eating a 30% fat diet.70 It is
available in most countries worldwide. Orlistat is one of
the safest drugs in this category64 and is approved for use
in adolescents.71 Additionally, a study72 of 4 years duration
supports its long-term safety and eﬃcacy and shows that
it reduces the development of diabetes mellitus in people
with prediabetes. However the drug’s gastrointestinal
side-eﬀects65 limit its popularity with patients.
Since 2012, four medications have reached the market
in the USA: lorcaserin,73–75 a combination of phentermine/
topiramate extended release (ER),76–78 a combination of
naltrexone sustained release (SR)/bupropion SR,79–82 and
liraglutide 3·0 mg.83–86 These drugs are required by
regulatory agencies in the USA and European Union to
www.thelancet.com Vol 387 May 7, 2016
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Figure 2: Targets for anti-obesity drugs
White boxes indicate speciﬁc drugs located next to the target upon which they are acting. Inside the white boxes green names stand for already approved drugs,
whereas red names represent drugs in phase 1–3 development. The right hand panel summarises the neurotransmitters and pathways in the CNS in energy
homoeostasis, whereas the left hand panel represents the mechanisms operative in the periphery. The intermediate area represents where the eﬀects of both central
and peripheral actions converge—namely, on the two main components of the energy balance equation: energy intake and expenditure. Most of the approved drugs
are working centrally where stimulation of the POMC/CART pathway has anorexigenic eﬀects, whereas the NPY/AGRP pathway exerts orexigenic eﬀects. The
interaction with the several receptors present in neurones of the hypothalamus determines the balance between orexigenic and anorexigenic eﬀects. Most of the
drugs tested in clinical trials are aimed at peripheral systems. Thus, thyroid analogues and β3 adrenergic agonists induce thermogenesis by activation of brown
adipose tissue, thereby increasing energy expenditure. Enzymes involved in lipid metabolism, such as DGAT, FAS, MetAP2, and NQO1 are also being targeted. The gut
microbiome and the regulation of bile acids represent further targets to combat obesity. The lipase and SGLT2 inhibitors favour energy loss by the gastrointestinal
and renal elimination of fat and glucose, respectively. Agonism of pancreatic and intestinal hormones like amylin and GLP-1 has also been shown to be useful for
weight loss. DGAT1=diacylglycerol O-acyltransferase aminotransferase 1. PexRAP=peroxisomal reductase activating PPARγ. FAS=fatty acid synthase.
MetAP2=methionyl aminopeptidase 2. NQO1=NAD(P)H dehydrogenase: quinone oxidoreductase 1. SGLT2=sodium-glucose-linked transporter 2.
AGRP=agouti-related peptide POMC=proopiomelanocortin C. CART=cocaine amphetamine-related transcript. GHSR=growth hormone secretagogue receptor.
GLP1R=glucagon-like peptide 1 receptor. α-MSH=α-melanocyte-stimulating hormone. MCH1R=melanin-concentrating hormone 1 receptor. MC3/4R=melanocortin
receptor type 3/4. 5HT2c=serotonin receptor type 2c.

present data for more than 2500 patients and to
approximate or exceed 5% greater weight loss than
placebo and to show positive eﬀects on various risk
factors and disease markers. All drugs must show
evidence of no increase in cardiovascular risk, which is
likely to require a cardiovascular outcome trial either
before or after marketing. Furthermore, all of these drugs
were studied with a suicidality rating scale.87 These
medications have an indication for chronic weight
management, indicating long-term usage, along with
diet and physical activity in individuals with BMI of
30 kg/m² or greater or a BMI 27 kg/m² or greater with
one or more comorbidities. They are to be used in the
long term not only to produce weight loss but also to
sustain weight loss.
www.thelancet.com Vol 387 May 7, 2016

Lorcaserin is a speciﬁc serotonin 2c receptor agonist.73
Lorcaserin is remarkable for its tolerability and low rate
of adverse events.73–75 Echocardiograms done in phase 3
studies on more than 5200 participants showed no
statistically signiﬁcant increase in Food and Drug
Administration deﬁned valvulopathy.66 The drug should
not be used with monoamine oxidase inhibitors because
of the risk of serotonin syndrome.66 It has not been
studied with serotonin reuptake inhibitors, serotoninnorepinephrine reuptake inhibitors, or other serotonergic
drugs and extreme caution should be used in combining
it with those drugs.66
The combination of phentermine and topiramate as an
ER formulation uses lower doses of both drugs (7·5 mg of
phentermine and 46 mg of topiramate at the recommended
1951
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Change in BMI after 3 years
(kg /m2)

Eﬀects on type 2 diabetes
remission

Mortality at less than
30 days

Mortality at more
than 30 days

Re-operation rate

Adjustable gastric
banding

−11·43 (−18·14 to −4·72)

67·58% (49·51 to 82·83)

0·07% (0·02 to 0·12)

0·21% (0·08 to 0·37)

7·01% (3·99 to 11·24)

Sleeve gastrectomy

−16·78 (−20·57 to −12·99)

85·53% (72·69 to 94·07)

0·29% (0·11 to 0·63)

0·34% (0·14 to 0·60)

2·96 (1·70 to 4·71)

8·90 (5·60 to 13·00)

Roux-en-Y gastric
bypass

−21·88 (−27·96 to −15·79)

92·83% (85·29 to 97·21)

0·38% (0·22 to 0·59)

0·39% (0·01 to 0·86)

5·34 (4·48 to 6·48)

12·00 (7·30 to 17·00)

Complications
7·80% (3·90 to 13·00)

Data are n or n% (95% CI). Data in table are from Chang (2014).102 For this analysis, surgical procedures were grouped: adjustable gastric banding included laparoscopic gastric banding and swedish band; sleeve
gastrectomy included sleeve gastrectomy and vertical banded gastroplasty; and Roux-en-Y gastric bypass included laparoscopic and open procedures and biliopancreatic diversion with or without duodenal
switch. BMI=body-mass index.

Table 3: Surgical procedures for treatment of obesity

dose) than are usually prescribed when either drug is used
as alone.76–78 This medication is associated with greater
mean weight loss than other available medications.
Topiramate is associated with fetal toxic eﬀects (oral
clefts)88 and a pregnancy test before initiation of therapy,
and monthly thereafter, is recommended.67 The most
common side-eﬀects include paraesthesias, dizziness,
dysgeusia, insomnia, constipation, and dry mouth.67 A
rare side-eﬀect of topiramate is acute myopia with
glaucoma and the drug is contraindicated in glaucoma.67
The combination of phentermine and topiramate ER is
also contraindicated in hyperthyroidism and within
14 days of treatment with monoamine oxidase inhibitors.67
Other rare potential adverse risks include kidney stones
(associated with topiramate) and increased heart rate
(associated with phentermine) in patients susceptible to
sympathomimetic drugs.67
The combination of naltrexone SR/bupropion SR was
approved in the USA in 2012 and in the European Union
in 2015.79–82 Bupropion is a mild reuptake inhibitor of
dopamine and norepinephrine. Naltrexone, an opioid
antagonist has minimum eﬀect on weight loss on its own.
Naltrexone is thought to block the inhibitory eﬀects of
opioid receptors activated by the β-endorphin released in
the hypothalamus that stimulates feeding, thus allowing
the inhibitory eﬀects of α-melanocyte stimulating hormone
to reduce food intake. Naltrexone SR/bupropion SR can
increase blood pressure, and therefore the combination
should only be prescribed to patients with controlled
hypertension and the patient’s blood pressure should be
monitored in the early weeks of therapy.68 Despite these
signals, no increased events were noted in the interim
analysis of a cardiovascular outcome trial68 done before
marketing allowed approval. Another cardiovascular
outcome trial was needed post-marketing. Tolerability
issues, chieﬂy nausea on initiating the drug mandate a
dose escalation over four weeks. All antidepressants in the
USA are required to carry a black box warning of suicidality
and the combination’s label includes this.68 However, there
was no signal for suicidality in phase 3 studies.78–81,83
Liraglutide is a GLP-1 agonist with a 97% homology to
GLP-1 which extends its circulating half-life. It has been
used for management of diabetes at doses of up to
1·8 mg, given by injection. It is now approved in the USA
1952

and European Union for chronic weight management at
a dose of 3·0 mg.83–86 Nausea has been one of the principal
complaints in patients injecting this drug and a slow
dose escalation over 5 weeks is prescribed.69 There is also
a small, but signiﬁcant increase in heart rate, but blood
pressure tends to fall.69 GLP-1 agonists are associated
with thyroid C cell tumours in animals, but this has not
been shown with certainty in humans.69 Liraglutide
should not be prescribed in patients with family or
personal history of medullary thyroid cancer or multiple
endocrine neoplasia.69 Acute pancreatitis, gall bladder
disease, and hypoglycaemia in diabetics are safety issues
that require managing if they occur.

Surgical procedures to treat obesity
Bariatric surgery has rapidly become used as a treatment
option for severe obesity, particularly since the advent of
lower risk laparoscopic procedures, with nearly half a
million procedures done worldwide in 2013.89 A range of
procedures are now well established, which result in
varying degrees of weight loss; each procedure has its
own risks and beneﬁts which need to be considered
carefully with each patient (table 3).90
Long term studies of outcomes after bariatric surgery
have generally shown favourable results. The Swedish
Obese Subjects study91–93 followed up 2000 patients for up to
20 years after surgery including banded gastroplasty, gastric
banding, and Roux-en-Y gastric bypass done by open
techniques, which have since been replaced by laparoscopy.
A 24% reduction in mortality was reported, mainly because
of the reduced risk of myocardial infarction and cancer (in
women), compared with an observational control group.91,92
Many other comorbidities, such as type 2 diabetes and
sleep apnoea were also improved, and patients reported
consistent improvements in quality of life.93
Particularly striking and rapid improvements in glucose
control have been seen in patients with type 2 diabetes,
especially after gastric bypass, suggesting that part of the
metabolic improvement is independent of weight loss.94
Head to head randomised controlled trials against medical
treatment for type 2 diabetes consistently show greater
improvements in glucose control and other risk factors in
the surgical group.95–99 Observational data also suggest that
the future risk of diabetes-related microvascular and
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macrovascular complications are also reduced.99 This has
led to the concept of metabolic surgery, and revision of
guidelines and recommendations to lower thresholds for
considering surgery in people with type 2 diabetes,
particularly of recent onset, to include patients with a BMI
between 30 kg/m² and 35 kg/m² and a move away from
BMI as the main criterion used to assess eligibility for
surgery. 32,100,101 These encouraging data need to be put into
the context of potential risks and side-eﬀects of surgery,
which for some patients can be distressing or disabling.
Although mortality is low for modern laparoscopic
surgery, re-operation rates for surgical complications are
high, particularly for gastric banding (table 3).102 Some
patients ﬁnd it hard to adapt to the profound changes in
the amount and type of food they can eat once they have
had the procedure and lifelong replacement therapy and
monitoring is required for nutritional vitamin and mineral
deﬁciencies, particularly after malabsorptive surgery.
Dumping syndrome gastro-oesophageal reﬂux and
hypoglycaemia can be very distressing and a challenge to
treat.103 Weight regain can also be a substantial issue, and
revisional surgery carries greater risks and no guarantee
of success;104 there is an increasing focus on lifestyle
programmes after bariatric surgery to reduce the risk of
this occurring.32
From a clinical perspective, patients and clinicians
considering referral for bariatric surgery should be
made fully aware of the risks and beneﬁts; good practice
might include provision of a detailed education session,
attendance at patient support groups, and detailed
lifestyle advice and psychological support both before
and after surgery.105

Controversies
As with other areas of medicine, not all issues have been
resolved and several controversies are still being debated.
Should the topic of obesity be a strong focus of
undergraduate medical education or should it be taught
mainly at the post graduate level?106 Weight bias is
commonly reported in medical students and experienced
doctors to stigmatise patients.107 This stigma might be
reduced if the complexities of obesity were introduced
earlier. This stigma might also partly explain why obesity
is an underdiagnosed and undertreated condition despite
its high prevalence.108
Who needs to lose weight and what is the best way to
decide? Is BMI an appropriate measure to decide who
should lose weight?109 If not appropriate in itself, what
will improve clinical decision making? Is the percentage
of weight reduction acceptable as a primary endpoint
given that several additional beneﬁts not requiring
weight loss can be of equal clinical relevance? Should a
weight- or BMI-centric approach should be abandoned in
favour of a wider array of endpoints such as improvements
in cardiometabolic variables? Introduction of additional
criteria for identifying patients at high risk should
be discussed.
www.thelancet.com Vol 387 May 7, 2016

Another controversy revolves around whether there are
people who are obese and metabolically healthy, so-called
metabolically healthy obesity. Individuals with metabolically healthy obesity might not improve their
cardiometabolic risk factors signiﬁcantly after weight loss
interventions and might therefore not beneﬁt to the same
extent as patients who are obese with metabolic
comorbidities. Controversy also exists as to whether
individuals labelled as metabolically healthily obese are
really healthy, especially because no general agreement
exists about accepted criteria to deﬁne those with metabolic
healthy obesity.110,111 Moreover, controversy still exists as to
whether metabolic healthy obesity can be considered an
established phenotype or rather represents a transient
stage toward ill-health with ageing, behavioural, and
environmental factors. Metabolically healthy obesity seems
to be a transient condition with a substantial percentage of
these individuals having similar metabolic derangements
to those reported in patients who are obese with metabolic
comorbidities as time passes.112,113 Conversely, non-obese
individuals according to BMI but obese based on body fat
distribution have elevated cardiometabolic risk factors,114,115
and should be identiﬁed and treated irrespective of BMI.
One of the major uncertainties for patients with obesity
is whether current pharmacological treatments increase,
reduce, or are neutral with respect to cardiovascular
events. This topic is currently under investigation in
the Cardiovascular outcomes study of naltrexone
SR/bupropion SR in overweight and obese subjects with
cardiovascular risk factors (the light study; NCT01601704)
and liraglutide eﬀect and action in diabetes: evaluation of
cardiovascular outcome results—a long term evaluation
(LEADER; NCT01601704).
The question of whether obesity should be treated in
primary care or by specialists with training in obesity is
one that will have major eﬀects on health services.
Several studies (NCT00991640, NCT01967797, and
NCT01606813) are due to report on this issue in the next
few years.
Obesity raises several societal controversies.
Government taxes on unhealthy foods has been tried in
some countries (Denmark for example) but with variable
results. Should the next step be for governments to
subsidise commercial weight loss programmes that have
proven to be successful?116
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