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Achieving successful long-term weight loss with lifestyle modification in people with
obesity is difficult and underscores the need for effective pharmacotherapy. Since 1947,

a total of 18 medications have been approved by the US FDA for treating obesity; however,
only 5 remain available for long-term use in the US. Semaglutide, a GLP-1 receptor agonist
approved in 2021, demonstrated much greater weight loss than previous medications,
which stimulated the development of poly-agonists that combine GLP-1 receptor agonism
with GIP and glucagon receptor agonism. The potential of this approach was recently
demonstrated by the extraordinary weight loss achieved by tirzepatide, a GLP-1/GIP
receptor dual agonist. The therapeutic efficacy of poly-agonists is likely to change the
treatment paradigm for obesity. However, the use of medications for obesity, as for other
chronic diseases, will likely require life-long treatment, which makes it important to analyze
the long-term efficacy, safety, and economic implications of chronic pharmacotherapy.

Obesity is a major public health problem in the United States and many other countries
because of its high and increasing prevalence, adverse effects on cardiometabolic function,
causal relationship with serious diseases, and economic consequences due to increased
health care costs and loss of work. The primary therapy for obesity is weight loss,

which requires consuming less energy than expended to decrease body fat mass and

body weight, followed by continued consumption of a eucaloric reduced-calorie diet to
maintain long-term weight loss and a smaller body size. Moderate 5% weight loss improves
multiple cardiometabolic clinical variables and multi-organ insulin sensitivity, and there is a
progressive improvement in outcomes with progressive 5% to 15% weight loss (1, 2, 3).

Lifestyle modification that is focused on decreasing energy intake is the cornerstone of
weight loss therapy. However, achieving successful weight loss through lifestyle therapy is
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difficult, and underscores the need for effective and safe pharmacotherapy for obesity. The
first medication approved by the US Food and Drug Administration (FDA) for weight loss
was desoxyephedrine (methamphetamine) in 1947. Since then, 17 additional medications
have been approved by the FDA, but many have been withdrawn because of adverse effects,
several are only approved for short-term (less than 12 weeks) use, and only 5 are currently
available for long-term obesity therapy in the US. Traditionally, both single and combination
FDA-approved drugs for obesity have shown moderate, but clinically-important, weight
losses (mean weight loss of 3%-9% greater than placebo at ~1 year of therapy) (4) (Figure
1). In 2021, a new era in obesity pharmacotherapy was established with the FDA approval of
semaglutide, a high-dose glucagon-like-peptide-1 receptor (GLP-1R) agonist which causes
about a 12% placebo-subtracted weight loss in people with obesity at 68 weeks of treatment
(5). An appreciation of the potency of GLP-1R agonists for weight loss has led to the

rapid development of agents that combine GLP-1R agonism with agonism at other receptors
to enhance their efficacy for weight loss and other metabolic outcomes. Recently, the

results of a landmark randomized controlled trial showed treatment with tirzepatide (15

mg subcutaneous/week), a dual GLP-1R/GIP receptor (GIPR) agonist, caused an 18%
placebo-subtracted weight loss (21% total weight loss) at 72 weeks in people with obesity
(6). Moreover, 40% of participants treated with tirzepatide 15 mg achieved a 25% or

greater decrease in body weight. However, the use of this medication requires a prolonged
initial treatment period of dose-escalation to attenuate the adverse gastrointestinal effects
(nausea, vomiting, diarrhea) typically associated with GLP-1R agonists, which still occurred
frequently but rarely resulted in discontinuation of treatment. Other GLP-1R, GIPR, and
glucagon receptor (GCGR) poly-agonists are in development and have been tested in phase
1 and phase 2 clinical trials, including GLP-1R/GCGR agonists, GLP-1R/GLP-2R agonists,
and triple GLP-1R/GIPR/GCGR agonists (abstracts presented at the American Diabetes
Association Annual Meeting in June, 2022 and (7)). In addition, the combination of
semaglutide and a long-acting amylin analogue (cagrilintide) achieved a 15%-17% weight
loss (7% greater weight loss than semaglutide plus placebo) at 20 weeks of treatment (8).

The impressive weight loss outcomes of the poly-agonists suggest additive or synergistic
effects. The independent effects of GLP-1, GIP, and GCG on energy balance and metabolic
function have been determined primarily in studies conducted in rodent models (Figure

2). GLP-1 decreases food intake by acting on GLP1R in the hypothalamus and brainstem,
and improves glycemic control by slowing gastric emptying, increasing glucose-stimulated
insulin secretion, suppressing glucagon secretion and increasing p-cell mass. It is unclear
whether GIPR agonism enhances weight loss because GIP itself does not affect food

intake or energy expenditure, GIPR antagonists induce weight loss in mice and non-human
primates (9), and tirzepatide does not cause weight loss in obese G/pZr~~ mice (10).

GIPR agonism could exert beneficial metabolic effects by enhancing glucose-stimulated
insulin secretion, increasing postprandial adipose tissue blood flow and triglyceride storage,
and by attenuating weight loss-induced bone loss by decreasing bone resorption and
increasing osteoblast activity. GCGR agonism could enhance weight loss by decreasing
food intake, which has been shown in rodents and is mediated by the hepatic vagus nerve.
In rodents, GCGR agonism increases energy expenditure, primarily by activating brown
adipose tissue. However, it seems unlikely that chronic GCGR agonist therapy increases
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energy expenditure in people. Although acute glucagon infusion increases resting energy
expenditure, short-term 72-hour glucagon infusion did not affect sleeping, basal and 24-hour
energy expenditure (11). However, glucagon has potent effects on hepatic glucose, lipid

and amino acid metabolism. Glucagon stimulates hepatic glucose production, which can
have adverse effects on plasma glucose concentrations that are offset by the beneficial
effects of weight loss, and decreases intrahepatic triglyceride content (mediated by increased
intrahepatic triglyceride lipolysis, fatty acid oxidation, and ketogenesis and decreased

de novo lipogenesis) and decreases plasma LDL-cholesterol concentration (mediated by
increased hepatic LDL receptor activity).

The development of GLP-1R, GIPR, and GCGR poly-agonists marks a new era in obesity
pharmacotherapy. The impressive weight loss induced by tirzepatide is a “game-changer”
and demonstrates that obesity medications can achieve considerable clinical benefits

that will likely be embraced by patients, physicians and, hopefully, payors. Effective
pharmacotherapy for obesity is likely to require long-term, if not life-long, treatment, which
makes it important to consider long-term adherence and weight loss efficacy, and the effects
on obesity co-morbidities (particularly cardiovascular outcomes), safety (including potential
adverse effects on muscle mass and bone health), and cost of poly-agonist therapy. A
greater understanding of the mechanisms responsible for the clinical and metabolic effects
of the poly-agonists, the balance of receptor agonism needed for optimal effects, and the
heterogeneity in response among individual patients and different patient populations will be
important to guide future drug development and clinical application.
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Figurel.
Effect of obesity medications on body weight in people with obesity without diabetes.

Data are expressed as the mean of placebo-subtracted weight loss point estimates
from randomized placebo-controlled trials, using intention-to-treat, last-observation-carried-
forward (ITT-LOCF) or treatment regimen estimand analyses.
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Figure2.
Multi-organ effects of GLP-1 (blue arrows), GIP (orange arrows), and glucagon (red

arrows) receptor agonism. GLP1R agonists decrease energy intake through actions in the
hypothalamus and brainstem, slow the rate of gastric emptying, enhance glucose-stimulated
insulin secretion, inhibit glucagon secretion, and increase p-cell mass. GIPR agonists
stimulate glucose-stimulated insulin secretion (however, the incretin effect of GIP is
diminished or abolished in people with type 2 diabetes), stimulate glucagon secretion,
increase p-cell mass, stimulate osteoblast activity while inhibiting bone resorption, and
increase postprandial adipose tissue blood flow. GCGR agonists primarily act on the liver,
and: i) increase glucose production by stimulating glycogenolysis and gluconeogenesis,

ii) increase FGF21 production, iii) increase bile acid production, iv) decrease de

novo lipogenesis, v) increase intrahepatic triglyceride lipolysis, fatty acid oxidation and
ketogenesis, vi) increase amino acid oxidation, and vii) increase LDL receptor activity
which decreases plasma LDL-C concentration. Although GCGR agonism increases energy
expenditure in rodent models, short-term (72-hours) GCG infusion does not affect energy
expenditure in people. GCGR agonism also decreases energy intake, and this effect requires
the hepatic vagus nerve. Abbreviations: GLP-1, glucagon-like-peptide-1; GIP, glucose-
dependent insulinotropic peptide; GLP1R, GLP-1 receptor; GIPR, GIP receptor; GCGR,
glucagon receptor; FGF21, fibroblast growth factor-21; LDL, low-density lipoprotein; LDL-
C, LDL cholesterol.
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