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Abstract

The objective of this review is to examine advances in the development of combination therapies for the
treatment of obesity beyond diet or lifestyle interventions. Experimental combination pharmacotherapies in-
clude combinations of pramlintide and phentermine as well as amylin and bupropion-naltrexone. Incretin and
pancreatic hormones generally inhibit upper gastrointestinal motor functions, and combinations showing effi-
cacy in obesity are coadministration of glucagon-like peptide-1 (GLP-1) with glucagon, a unimolecular dual
incretin of PEGylated GLP-1/GIP coagonist, the combination of GLP-1 and PYY3-36, and, in proof of concept
studies, combined infusions of GLP-1, peptide YY, and oxyntomodulin. Among bariatric procedures, repeat
intragastric balloon (IGB) treatments are more efficacious than IGB plus diet, and endoscopic intervention can
enhance the effects of Roux-en-Y gastric bypass when weight regain occurs. A first trial has provided promising
results with combination of IGB plus the GLP-1 analog, liraglutide, compared to the balloon alone. Thus,
combination therapies for the treatment of obesity hold promise for introduction into clinical practice.
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Introduction

As the prevalence of obesity continues to rise, new
management based on combined approaches are being

developed. Central and peripheral mechanisms are involved
in appetite regulation. Some of the currently approved
medication combinations of naltrexone with bupropion and
phentermine with topiramate are among the most efficacious
pharmacologic therapies for weight loss,1 and their effects
appear to be exclusively central; however, their efficacy is
countered by adverse effects which restrict dosage.

Peripheral mechanisms in appetite regulation include gastric
emptying and accommodation, sensory mechanisms which
convey symptoms of satiation to the brain, and peripherally
released peptides and hormones. These provide feedback from
nutrient activation of enteroendocrine and pancreatic cells to
regulate metabolism (through incretin effects) or provide input
to the highly organized hypothalamic circuitry and vagal nu-
clei, resulting in either orexigenic stimuli after fasting or an
anorectic signal during meal ingestion.

Given the redundancy of appetite control mechanisms,
there is an opportunity to use combination therapies, which
could potentially enhance the efficacy of single therapies
[e.g., glucagon-like peptide-1 (GLP-1) analogs or agonists];
combination therapies are a logical, synergistic approach to

replicate the multiple mechanisms that contribute to the
benefits of bariatric surgery, including mechanical restric-
tion of the gastric reservoir, alterations in the secretion of
multiple gut hormones and, possibly, in the composition
and secretion of bile acids, and, possibly, alterations of gut
microbiota.

Figure 1 shows the brain–gut axis and the sites of actions
of endogenous modifiers of appetite, as well as the pre-
dominant sites of actions of the current approved treatments
for obesity: medications, devices, and bariatric procedures.
The objective of this article is to review the advances in
combination therapies in the treatment of obesity beyond
diet or lifestyle interventions, using evidence typically ob-
tained from studies in humans and experimental animal
models of obesity.

Experimental Combination Pharmacotherapies

The attraction of combination therapies is that different
mechanisms are targeted by the components of the com-
bined therapy for obesity. The combined pharmacotherapy
of pramlintide and phentermine was superior to pramlintide
alone in humans2; thus, the mean reduction in body weight
at 24 weeks was *10.5% with combination pramlintide
with phentermine, in comparison to a mean reduction of
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*2.5% with pramlintide alone. In addition, the combination
of amylin and bupropion-naltrexone on food intake and
body weight was interactive in rodent models.3 A third
example is provided by the effects on weight loss in patients
with type 2 diabetes mellitus of exenatide once weekly plus
daily dapagliflozin [an inhibitor of the sodium/glucose co-
transporter 2 (SGLT2) in renal tubular epithelium], and
exenatide once weekly or dapagliflozin daily added to met-
formin monotherapy.

Among the overall population, weight loss was signifi-
cantly greater after 28 weeks for patients receiving exena-
tide once weekly plus dapagliflozin (average weight loss
3.55 kg) compared to the same treatments individually (av-
erage weight loss of 2.0 kg with daily dapagliflozin and
1.5 kg with exenatide once weekly).4 There were greater
reductions in body mass index (BMI) observed in all BMI
groups, including normal weight and overweight patients,
with combination treatment compared with either treatment
alone.5 Exenatide once weekly plus dapagliflozin was su-
perior to placebo in a separate 24-week trial,6 and results
were sustained over 1 year of treatment.7

Such sustained weight loss over 1 year is noteworthy and
emphasizes the goal of long-term weight loss in the assess-
ment of the utility of efficacy of combination therapies over
single therapies. The additional weight loss with dapagliflozin
may have resulted from calorie loss through glycosuria.4

Such combinations may also have synergistic (although yet
unproved) salutary effects on cardiovascular disease. How-
ever, it is important to specify that, as yet, these combinations
have only been tested for efficacy in patients with diabetes
and not in the broader context of obesity.

Gut Hormone or Incretin Combinations

The incretins are hormones that are released after eating and
augment the secretion of insulin from pancreatic beta cells. In-

cretins and pancreatic hormones generally inhibit upper gas-
trointestinal motor function [e.g., amylin, glucagon, glucose-
stimulated insulinotropic peptide (GIP), GLP-1, and peptide
tyrosine tyrosine (PYY)] or secretion (e.g., oxyntomodulin). In
addition, many of these hormones also exert central effects that
reduce appetite and some (e.g., GLP-1 analogs or GLP-1 re-
ceptor agonists) are efficacious in the treatment of obesity.1

Several combined incretins and hormones have been
tested. Typically, human trials have been preceded by proof-
of-concept studies in experimental animals. For example, a
coagonist targeting rectors of a hormone (glucagon) and the
incretin (GLP-1) in diet-induced obese mice resulted in re-
duction of body weight, loss of body fat from decreased
food intake, and increased energy expenditure.8 Coadmi-
nistration of GLP-1 with glucagon in humans resulted in
increased energy expenditure9 and a reduction in food intake
by an average 13%10; whereas, glucagon or GLP-1, given
individually at subanorectic doses, did not significantly re-
duce food intake. The effect of the combination on resting
energy expenditure is attributable to the effects of the hor-
mone glucagon; there was no significant change in resting
energy expenditure during GLP-1 infusion.

In contrast, there was significant increase in resting en-
ergy expenditure by a mean of 146.99 kcal/day during
glucagon infusion and a mean 146.26 kcal/day during GLP-
1/glucagon combined infusion. However, glucagon inevita-
bly results in hyperglycemia; the addition of GLP-1 reduces
the hyperglycemia due to its insulinotropic effect.9

Similarly, a unimolecular dual agonist of the (incretin
hormone) GLP and GIP receptors of PEGylated GLP-1/GIP
coagonist maximized metabolic benefits in rodents, mon-
keys, and humans.11

The combination of GLP-1 and PYY3-36 has been shown
to have a synergistic effect in two human studies. In a
double-blind, four-arm, crossover, randomized study, 25
male participants received placebo, GLP-1, PYY3-36, or

FIG. 1. Individual and
combined therapeutic ap-
proaches in obesity.
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GLP-1 plus PYY3-36. The coinfusion of GLP-1 and PYY3-36

produced a reduction of 30.4% of food intake compared to
placebo and more than the sum of each independently,
suggesting a synergistic effect.12 A subsequent experimental
study tested acute continuous subcutaneous infusion for
10.5 hrs/day of GLP-1, peptide YY, and oxyntomodulin
[summarized as GOP], at doses that replicated the post-
prandial concentrations observed after Roux-en-Y gastric
bypass (RYGB). Oxyntomodulin analogs have significant
potential due to the inherent affinity of oxyntomodulin to
both glucagon and GLP-1 receptors.

In a single-blinded, randomized, placebo-controlled, cross-
over study, GOP was shown to be safe and effective in reducing
food intake (mean reduction 32%) without significantly altering
resting energy expenditure.13 On the contrary, not all gut hor-
mones show synergistic effects; for example, PYY and pancre-
atic polypeptide did not reduce food intake in rodents or in16
fasted, lean, healthy human volunteers (6 men and 10 women).14

It is clearly important to assess longer-term effects of
combination therapies with hormones and incretins, and
such studies are eagerly awaited.

Combination Therapies Involving Devices
or Bariatric Surgery

Repeat intragastric balloon treatments compared
to balloon plus diet

After intragastric balloon (IGB) placement, two groups
were randomized to either repeat placement of IGB or diet.
Six months later, the balloon was removed. Weight over the
next 2 years continued to be lower in the sequential balloon
treatment group compared with the balloon-diet group, as
shown by the mean percent of excess body weight loss of
51.9% – 24.6% in the sequential balloon group and 25.1% –
26.2% in the balloon-diet group.15

RYGB combined with dietitian support postsurgery

Two studies have assessed the additional value of dietary
counseling compared to standard care after RYGB. In one
study, 84 individuals who underwent bariatric surgery were
randomly assigned to receive either dietary counseling or
standard postoperative care for the first 4 months after sur-
gery. There were no differences in the percent of weight loss
over the subsequent 24 months.16

In a second study, 302 patients in the surgeon follow-up
group and 268 in the joint surgeon-dietitian follow-up group
had no differences in weight loss over 3, 6, or 12 months, but
there were improved thiamine and triglyceride control and
lower diet-related complications with dietitian support.17

Conversely, other studies have demonstrated the benefit
of combined lifestyle intervention-medical management
with RYGB in achieving, in patients with poorly controlled
diabetes, the composite goal of HbA1c less than 7.0%, low-
density lipoprotein cholesterol less than 100 mg/dL, and
systolic blood pressure less than 130 mmHg, and the weight
loss was approximately threefold higher at 3 years in the
combined RYGB-lifestyle modification group compared to
the unoperated group.18 In addition, follow-up of the same
cohorts showed that, at 5 years, participants in the RYGB
group had a mean weight loss of 21.8% compared with 9.6%
in lifestyle–medical management group, although the mean

weight loss in RYGB group fell from 26.1% to 21.8% at 5
years whereas the lifestyle–medical management group
mean weight loss increased from 7.8% at 1 year to 9.6% at 5
years.19

Endoscopic enhancement of effects of RYGB
when weight regain occurs

In patients with RYGB, weight plateau or regain may be
associated with an increase in the size of the gastric pouch
or the outlet that is the anastomosis with the Roux jejunal
limb. The mechanisms for the increase in the size of the
gastric pouch are unclear; thus, it is conceivable that the
change in the gastric pouch may be a cause or, potentially,
an effect of the excessive food intake in the postprandial
period. Nevertheless, endoscopic suturing, including purse-
string suturing, or sclerotherapy are able to reduce the size
of the outlet and restore weight loss.20–23

Combined bariatric endoscopy
with pharmacotherapy

One study compared the effects of an IGB in 64 patients
compared to a combination of balloon plus liraglutide, up to
1.8 mg/day, in 44 patients.24 At baseline, there were no
group differences in BMI. The mean weight loss after bal-
loon removal was 8.3 kg greater in the balloon plus lir-
aglutide group than in the balloon alone group, and the
advantage was still significantly greater 6 months post-
balloon removal in the group receiving liraglutide.24 The
authors conducted multivariate analysis and concluded that
the advantage may not be significant; the study needs to be
replicated.

Combined Endobarrier� and pharmacotherapy

Endobarrier in 21 grade 1 obese type 2 diabetic patients
with poor metabolic control was associated with significant
weight decrease (mean *15% of total body weight) and
moderate reduction (mean 0.6%) in HbA1c at 12 months.25

There were no significant changes in GLP-1 concentrations.
It is, therefore, intriguing that the combination of En-
dobarrier with the GLP-1 analog, liraglutide, and 1.8 mg/day
resulted in greater weight loss (mean 11.3 kg) compared to
liraglutide treatment alone (mean 4.5 kg), and this suggests
that the effect of liraglutide augments weight loss by adding
a central effect on appetite to the peripheral mechanisms
induced by the Endobarrier.26

Selection of Combination Therapies for Obesity

While new combination pharmacotherapies will require
formal trials, we anticipate implementation of pharmaceutical
augmentation of weight loss after bariatric surgery or en-
doscopy, particularly when the magnitude of weight loss has
not resulted in the planned weight loss, or when weight is
regained. It remains to be determined which combinations
will be more effective, and it is conceivable that the selection
of combination therapies for obesity may be advantageous by
knowing the underlying obesity phenotype.27 Assuming that
there will be an increase in the use of IGB treatments, we may
speculate on combination treatments based on the following
phenotypes in obese patients: accelerated gastric emptying
with liraglutide; low satiation or satiety with centrally acting
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agents (buprenorphine-naltrexone or phentermine-topiramate)
or satiety hormones/incretins (e.g., PYY); and low resting
energy expenditure with glucagon.

Conclusions

There are promising combination therapies on the
threshold for introduction into clinical practice. Formal
controlled trials are needed, and understanding the effects
on obesity related pathophysiology represents an opportu-
nity for devising such combination approaches for the
treatment of obesity.
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