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Background: The number of obese people continues to increase worldwide, and obesity-related
complications add to every country’s health burden. Consequently, new weight-loss medications, such as
glucagon-like peptide-1 receptor agonists (GLP-1RAs), are attracting increasing attention. This study sought
to assess the cost effectiveness for weight loss of 4 GLP-1RAs in adult patients with obesity in the United
States.

Methods: Four GLP-1RA groups that received Liraglutide (1.8 mg QD), Semaglutide (1.0 mg QW),
Dulaglutide (1.5 mg QW), or Exenatide (10 ug BID), and one no-treatment group were compared using a
decision-tree model. All the estimated parameters were derived from published articles. Quality-adjusted life
years (QALYs), costs, and incremental cost-effectiveness ratios (ICERs) were adopted as the study endpoints.
We analyzed the results with the willingness-to-pay (WTP) threshold, and conducted deterministic and
probabilistic sensitivity analyses.

Results: The GLP-1RAs produced effective weight-loss results; however, not all the GLP-1RAs were cost
effective compared to no treatment based on a WTP threshold of $195000/QALY. Among the 4 GLP-1RAs,
Semaglutide provided a cost-effective strategy with an ICER of $135467/QALY. The sensitivity analyses
showed that these results are reliable.

Conclusions: Among the 4 GLP-1RAs, Semaglutide was the most cost-effective obesity medication.
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Introduction

An estimated 650 million adults are overweight or obese,
and the number of obese people continues to increase
worldwide (1). In the United States (US), overweight or
obesity rates have increased threefold in the last 40 years (2).
As the burden of obesity increases, the incidence of obesity-
related health problems also increases. Obesity is a risk
factor for chronic diseases, including hypertension, diabetes,
and cardiovascular diseases, and is also an independent risk
factor for mortality (3). Globally, it is estimated that obesity-
related complications will cost US$1.2 trillion by 2025, of
which nearly half of this sum will be spent in the US. A 5%
weight loss in obese patients can improve their health and
reduce the incidence of obesity-related complications (4).
Thus, effective treatments and interventions are essential
for obese people. From the perspective of global public
health, obesity is now classified as a disease that needs to
be managed with high priority and is attracting attention
around the world.

The current preferred treatment for obesity is lifestyle
interventions, such as controlling diet and strengthening
exercises. However, these measures further trigger the
body’s adaptive physiological responses, leading to increased
appetite and a lower resting metabolic rate (5). Thus, it
is difficult for obese people to achieve weight loss only
through lifestyle interventions. Bariatric surgery is an
effective treatment for obesity, but it is not the first choice
because of its invasive nature. Conversely, pharmacotherapy
is a non-invasive approach that can help people with obesity
to adhere to weight-loss strategies, improve their quality
of life, and reduce the risk of comorbidities (6). Glucagon-
like peptide-1 receptor agonists (GLP-1RAs) are a class of
therapeutic agents that provide significant improvements
in Hemoglobin Alc (HbAlc), and also promote weight
loss and carry a low risk of hypoglycemia (7-9). They
delay gastric emptying, thereby increasing the duration of
satiety, causing obese people to reduce their food intake and
ultimately achieve weight loss. Liraglutide was approved by
the European Medicines Agency for weight management
pharmacotherapy in 2015, and in June 2021, the Food
and Drug Administration (FDA) approved Semaglutide
as a supplement to diet and exercise for the treatment of
obesity (10). Dulaglutide and Exenatide are not approved
by the FDA for the treatment of overweight individuals.
However, the efficacy of both medications in terms of
weight loss has been shown, and they are increasingly
being used clinically (11-14).
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A number of studies have evaluated the cost effectiveness
of GLP-1RAs in the treatment of diabetes, and the
efficiency parameter is mostly HbAlc, but only a few
studies have evaluated their weight-loss efficacy (15). Our
study focused on the cost effectiveness of GLP-1RAs in
weight-loss, and used quality-adjusted life years transferred
from the change of body mass index (BMI) as the efficiency
parameter. It is difficult to conduct large-scale clinical
trials to compare the effectiveness of various GLP-1RA
treatments for obesity, as such trials need to meet many
requirements, including having a huge sample size, and
have high costs. This study sought to compare and analyze
the cost-effectiveness of 4 GLP-1RAs in weight-loss efficacy
to provide a reference for obesity control and medical cost
savings. We present the following article in accordance with
the CHEERS reporting checklist (available at https://atm.
amegroups.com/article/view/10.21037/atm-22-200/rc).

Methods
Model overview

We developed a decision-tree model, using TreeAge
Pro 2011 (TreeAge) to assess the cost effectiveness of
the following 5 strategies: Liraglutide (1.8 mg QD),
Semaglutide (1.0 mg QW), Dulaglutide (1.5 mg QW),
Exenatide (10 pg BID), and no treatment. All the
medications were administered by subcutaneous injections.
TreeAge Pro is a software platform that is used to build
and analyze state-transition models, which are useful for
assessing the effect of treatments, including their cost
effectiveness (16). The model was extended to half a year
to estimate weight-loss efficiency. All the clinical data used
in the analysis were based on 4 prospective clinical trials. In
this model, all the patients kept active with the treatments
until the study ended. Because this was a mathematical
analysis and did not include any individual-level patient
data, the Zhejiang Provincial People’s Hospital Institutional
Ethics committee waived the ethical approval and informed
consent in this context. The study was conducted in
accordance with the Declaration of Helsinki (as revised in

2013).

Strategies for weight management

According to published literature, the weight of untreated
obese patients will continue to increase slightly over
time (17). For patients treated with GLP-1RAs, the
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Table 1 Characteristics of populations used in the clinical trials.
Zinman et al. Russell-dones et al. Apovian et al. Wysham et al.
Trials P value*
Semaglutide  Placebo Liraglutide  Placebo Exenatide Placebo Dulaglutide  Placebo
Sample Size 150 151 230 114 96 98 163 83 0.210
Age (years) 57.5(8.9) 56.6(10.1) 57.6(9.5) 57.5(9.6) 54.5(10.0) 55.1 (9.0) 56 (10.0) 55 (10.0) 0.045
Male (%) 59% 58% 57% 49% 37% 38% 58% 59% 0.625
Female (%) 4% 42% 43% 51% 63% 62% 42% 41% 0.625
Baseline 89.6 (19.5) 93.8(22.3) 85.5(19.4) 85.7(16.7) 94.9(16.5) 96.2 (15.6) 96 (20.0) 94 (19.0) 0.160
Weight (kg)
BMI (kg/m?) 31.1(6.2) 32.7 (6.9) 30.4 (5.3) 31.3(5.0 33.6 (3.7) 33.9 4.3) 33 (5.0) 33 (6.0) 0.094

Values are mean (SD). *P>0.01 indicates no significant difference between the four treatments. BMI, body mass index.

Table 2 Treatment effects and costs applied in the analyses.

Treatment Total ABMI Monthly medication  Daily needle
costs, $ costs, $
No treatment 0.0762 0 0
Semaglutide -1.40 827.7 1.689
Liraglutide -0.49 921.9 23.646
Exenatide -0.79 729.6 11.823
Dulaglutide -0.882 813.6 1.689

BMI, body mass index.

efficiency data were obtained from randomized, placebo-
controlled clinical trials (18-21). There was no statistical
difference in the basic population data of the 4 clinical trials
(see Table I). All the clinical trials included half-year weight-
loss data. The average baseline weight and body mass
index (BMI) values in the experimental cohort were used to
convert weight changes into BMI change rates (see Table 2).

Costs and QOL adjustments

The data of weight change were transferred to quality-
adjusted life years (QALYs). According to previous research,
a unit BMI loss leads to a gain of 0.0056 QALYs (16,21). It
was assumed from the perspective of the healthcare system
that the cost of the no-treatment group was zero, and the
cost of the GLP-1RAs groups were based on published
literature (see Tible 2) (22). For all the medication groups,
the cost of 2 doctor visits ($178) before the patients started
taking the weight-loss medications was added (23). The cost
of the injection needle used was also based on the previous
literature (22). Costs for obesity-related comorbidities and
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adverse events caused by medications were not included.
All the costs in this study were adjusted to 2019 US dollars.
Costs and utilities were discounted at a rate of 3%.

Statistical analysis & outcomes

QALYs, costs, and incremental cost-effectiveness ratios
(ICERs) were adopted as the study endpoints. ICERs were
calculated based on the ratio of cost and QALY differences
between the strategy and the suboptimal option. The
willingness-to-pay (WTP) threshold of $195,000/QALY
was used to determine the cost effectiveness of the drugs,
which came from the threefold of gross domestic product
per capita in the US in 2019.

Sensitivity analyses

A deterministic analysis and probabilistic sensitivity analysis
(PSA) were performed to assess the effect of parameter
uncertainty on the cost-effectiveness results. one parameter
at a time was varied within the prescribed bounds to
perform the deterministic one-way sensitivity analyses,
and the variations in ICERs were recorded. The cost
parameters were varied by +/-3% of the base-case values,
and the efficiency parameters were varied by a confidence
interval of 95% based on the clinical trial data. To conduct
the PSA, all the parameters of probability distributions were
sampled simultaneously. In the PSA, the cost parameter
used the Gamma distribution, and other parameters, such
as efficacy, used the Beta distribution. The mean value in
the distribution was the basic case value, and the standard
deviation parameter was derived from the clinical trial
results. 1,000 Monte Carlo samples were run for each
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Table 3 Base-case results

Treatment Total costs, $ AQALYs ICER, $/QALY
No treatment 0 -0.0002 -
Semaglutide 5137.32 0.0083 135467
Liraglutide 5772.30 0.0032 Dominated
Exenatide 4674.57 0.0048 982032
Dulaglutide 5052.33 0.0053 733243

QALY, quality-adjusted life year; ICER, incremental
cost-effectiveness ratio.
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Figure 1 Base-case results of cost-effectiveness planes. The dashed

lines indicate the efficiency frontiers.

group. The percentage of times at WTP for each GLP-

1RA was used to determine its cost effectiveness.

Results
Base-case results

Table 3 sets out the base-case analysis results. No treatment
was regarded as the reference strategy because it had the
lowest costs and the lowest effectiveness. In terms of cost
effectiveness, Exenatide and Semaglutide was the relative
cost-effective strategy on the efficiency frontier after half
a year, dominating all other strategies. The ICER for
Exenatide was $982,032/QALY, the ICER for Semaglutide
was $135,467/QALY, and the ICER for Dulaglutide was
$733,243/QALY. Based on a willingness-to-pay (WTP)
threshold of $195,000/QALY, Exenatide, Dulaglutide and
Semaglutide were not cost effective.

However, if Exenatide was the reference strategy
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(i.e., had the lowest cost), Semaglutide, with an ICER of
$135,467/QALY, was the most cost-effective strategy. That
is to say, Semaglutide was the most effective treatment in
terms of weight loss. The efficiency boundary plots the
cost and effectiveness of each GLP-1RA (see Figure I). The
optimal strategy is located at the efficiency boundary (dashed
line), and the suboptimal (inferior) strategy is located below
the boundary. Dulaglutide was not a cost-effective strategy
based on the results, as it had an ICER of $733,243/QALY.

One-way sensitivity results

The results of the one-way sensitivity analyses are shown
in Figure 2. Two GLP-1RAs (i.e., Semaglutide and
Exenatide) were compared on the efficiency frontier. BMI
loss parameter of Exenatide, the costs of Semaglutide and
Exenatide had a greater effect on the results than other
parameters, and only changing the rate of Exenatide BMI
loss had a substantial effect on the resulting Semaglutide
ICER. Exenatide became the most cost-effective strategy
when the BMI loss for patients using Exenatide was over
0.97 kg/m™. The one-way sensitivity analysis results
showed the base-case results were reliable, and Semaglutide
remained the cost-effective GLP-1RA under varying
conditions. The ICER of Semaglutide was below the WTP
threshold in all the scenario-tests, unless Exenatied BMI
loss changed.

PSA results

The PSAs of the 4 GLP-1RAs were performed using
the model. The results included acceptability curves (see
Figure 3) and scatter plots (see Figure 4). The analyses
adopted the latest WTP threshold of $195,000 per QALY
gained proposed for the US. After half a year, Semaglutide
was the most cost-effective choice in 75.3% of runs, and
Exenatide in 24.7% of runs. Semaglutide and Exenatide
were compared, and as Figure 5 shows, Semaglutide was

more cost effective than Exenatide, with a probability of
76.9%.

Discussion

Currently, very few weight-loss drugs have been approved
for use by the FDA, other than Lorcaserin and Orlistat,
which have relatively modest clinical efficacy and have
not been widely used in clinical practice or well known to
the public (24). Additionally, phentermine is not the best
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Figure 3 PSA results depicted as acceptability curves. The WTP
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willingness-to-pay. PSA, probabilistic sensitivity analysis.

choice for cardiovascular disease patients because of its
adverse effects even if it has a better curative effect (25).
Thus, GLP-1RAs bring hope to obese people. GLP-1RAs
were originally developed to control blood glucose, but
almost all clinical trials containing GLP-1RAs have found
that they have a weight-loss effect, and some studies have
focused on evaluating the weight-loss effect of GLP-1RAs
in various types of obese people (e.g., GLP-1RAs have
produced positive results in individuals with polycystic
ovary syndrome) (26,27). Previous studies on the cost
effectiveness of GLP-1Ras have focused on glycemic
control in diabetic patients (15), but this study is the first to
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Figure 4 Acceptability curves of PSAs for cost-effectiveness planes.
PSA, probabilistic sensitivity analysis.

conduct an economic analysis on the weight-loss effects of
multiple GLP-1RAs. Additionally, GLP-1RAs are suitable
for patients with cardiovascular diseases because of their
cardiovascular protective effects.

As GLP-1RAs are novel medications with high
price tags, our results suggest that GLP-1RAS are not
economical alternative measures for weight loss. However,
given that there are few weight-loss medications that can be
applied clinically at present, and that most such medications
have unsatisfactory efficacy or more serious side effects,
GLP-1RAs represent relatively safe and more effective
medications for many obese people. Among the GLP-1RAs,
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Figure 5 Scatter plot of PSA results for Semaglutide and
Exenatide. PSA, probabilistic sensitivity analysis.

several weight-loss programs have shown the effect of
Exenatide on weight loss in individuals with hypothalamic
obesity and clozapine-associated obesity (28,29).
Semaglutide, the latest GLP-1RA, has a relatively higher
price and a significantly higher weight-loss effect than
Exenatide. Our modelling results found that Semaglutide
(1 mg) was associated with the lowest costs per patient in
achieving treatment targets of weight loss among the 4
GLP-1RAs. Thus, this intervention might be the most cost-
effective GLP-1RA in the US in terms of enabling patients
to achieve obesity control goals. Additionally, Semaglutide
is currently available in oral formulation, and the effect
and price are similar to the injection formulation (30). As
the most efficacy and economical medication in weight-
loss among the four GLP-1RAs, it is likely that more obese
people will choose Semaglutide.

Medication-associated adverse events were not examined
in this study, which is a limitation of this study. The QALY
was only calculated based on weight changes. This was
because no apparent differences in the incidence of major
adverse reactions, such as hypoglycemia and gastrointestinal
reactions, have been observed for these 4 GLP-1RAs.
The effect of cost changes in the sensitivity analysis also
confirmed that a certain degree of cost changes would not
have a significant effect on the results. Additionally, as the
clinical trials used in this study only included half-year
data, the cost-effectiveness analysis focused on the short-
term effects of weight loss. This is because a majority of
obese people stop using medications after a certain degree
of weight loss. The shedding rate of the obese population
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is high. Moreover, many studies have found that a plateau
or weight re-gain occurs after about 40 weeks (31,32).
Therefore, this study only examined the short-term
cost effectiveness of the GLP-1RAs. Also, the issue of
intermittent medication taking was not considered in this
study.

In summary, we found that Semaglutide is the most cost-
effective medication for weight loss among the 4 GLP-
1RAs examined. Recently, phase II clinical data have been
published on a peptide with a potent balanced co-agonism
for both the GLP-1 and glucose-dependent insulinotropic
polypeptide that showed that it has a better weight-loss
effect and may also be sold at a higher price (33). This
highlights the need for further research into other new
medications from additional clinical trials to fully examine
the changes of weight, weight-related comorbidities, and
associated adverse events.
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