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ABSTRACT:

Introduction and Purpose: Obesity is an escalating global health challenge, affecting over
2 billion individuals worldwide, contributing to many challenges for healthcare providers
such as cardiovascular disorders, cancers, and type 2 diabetes mellitus. There is a need for
effective treatments targeting T2DM, and obesity. Glucagon-like peptide-1 (GLP-1)
receptor agonists developed originally for T2DM treatment, have emerged as key agents for
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weight loss. This review examines current evidence regarding efficacy, safety, and
mechanisms of action of GLP-1 RAs, particularly semaglutide and tirzepatide in obesity and
weight loss treatment.

Description of the State of Knowledge: GLP-1 receptor agonists modulate appetite,
resulting in lower calory intake. Gastric emptying and insulin secretion are also affected by
GLP-1 RAs. Clinical trials consistently demonstrate significant weight loss, positive action
on cardiovascular risk and better glycemic control. All GLP-1 RAs have common side
effects which are gastrointestinal disorders, and gallbladder-related issues, but their safety
profiles are acceptable.

Summary: Available evidence recommends GLP-1 receptor agonists in type 2 diabetes
mellitus and obesity treatment. Tirzepatide and semaglutide are two pharmacological agents

which show best results in terms of weight loss.

Materials and Evidence: A literature review was conducted using the PubMed database for
articles published from January 2016 to January 2024, supplemented by earlier foundational
papers. After screening 121 abstracts, 51 full-text articles were assessed, and 30 were

ultimately included.

Keywords: tirzepatide; semaglutide; weight loss; GLP-1 receptor agonists; obesity
treatment; liraglutide; type 2 diabetes mellitus

INTRODUCTION
Obesity is a growing challenge for healthcare providers worldwide. Research indicates that
a total of 2.1 billion individuals are overweight or obese. For adults body mass index (BMI)
count of 25-29.9 kg/m2 is defined as overweight, while BMI of 30 kg/m2 or higher is defined
as obese [1]. Obesity is classified into three severity levels: class I- BMI of 30-34.9 kg/m2,
class I1- BMI of 35-39.9 kg/m2 and class Il11- BMI of 40 kg/m2 or higher [2]. Increase in
body mass index is associated with higher diabetes-related mortality, cardiovascular
mortality and overall mortality. Raised BMI is also a risk factor for ischemic heart disease,

stroke and cancer. Every 5 kg/m2 of BMI is associated with 5 mmHg higher systolic blood



pressure (SBP), and 4 mmHg higher diastolic blood pressure (DBP) [3]. One of the most
significant health consequences of obesity is the development of type 2 diabetes mellitus
(T2DM). Diabetes mellitus is a condition in which blood glucose levels are high due to
defects in insulin secretion or action or both. T2DM is more common than type 1, and it
accounts for over 90% of cases. In type 2 DM adipose tissue promotes insensitivity to insulin
by releasing free fatty acids. T2DM is diagnosed when the patient meets several criteria
which are: glycated hemoglobin of 6.5% or more, fasting blood glucose of 126 mg/dL or
more, or 2-hour post-prandial glucose of 200 mg/dL or more. Obesity plays a major role in
the increased prevalence of T2DM [4]. Therefore, it is necessary to find safe and effective

treatments which affect both body weight and higher blood glucose levels.

Glucagon-like peptide-1 (GLP-1) receptor agonists are pharmaceutical agents that were
initially developed for the treatment of type 2 DM, but they were later found to be effective
for weight loss. Current research indicates that daily injections of 3 mg of liraglutide is a
good treatment for obesity [5]. Semaglutide, another GLP-1 receptor agonist was also
approved by the US Food and Drug Administration (FDA), for chronic weight management.
The dose of semaglutide that is recommended is 2.4 mg per week [6]. GLP-1 is an incretin
hormone that is secreted from intestinal endocrine L-cells in response to nutrient ingestion
[7], playing a critical role in glucose homeostasis and appetite regulation [8]. Given GLP-
I’s role in appetite regulation and glucose homeostasis, these agents provide dual benefit in

both obesity and T2DM management.

The aim of this review is to provide an overview of GLP-1 receptor agonists in the treatment
of obesity, focusing on their mechanisms of action, clinical efficacy, safety profiles, and

their potential role in future obesity management strategies.

METHODS

We conducted a comprehensive literature review using the PubMed database. The search
included articles published from January 2016 to January 2024, although in introduction as
a source of basic knowledge we used papers published earlier. Keywords that we used were:
“obesity”, “semaglutide”, “weight loss”, “GLP-1 receptor agonists”, “liraglutide” and “type
2 diabetes mellitus”. We used Medical Subject Headings (MeSH) terms when looking for

appropriate articles. The search was limited to studies published in English, which were also



available in full text for free. Titles and abstracts found because of the search were screened
for relevance. Full-text articles were then assessed for eligibility. We aimed to include the
newest, most interesting and impactful papers. Our main goal was to select articles that
provide the broadest view on GLP-1 receptor agonists in terms of their mechanisms of action,

safety and role in obesity treatment.
RESULTS

Our initial PubMed search, limited to articles in English from January 2016 to January 2024,
retrieved 606 publications. 121 abstracts were screened for relevance. Of these, 51 were
assessed for eligibility in full text, and 30 fulfilled our inclusion criteria. The final 30 articles
included 3 meta-analyses, 11 randomized controlled trials (RCTs) and 16 observational or
review papers examining GLP-1 receptor agonists for obesity or T2DM. One review study

[7] was used in introduction section to provide key physiological background to the review.
REVIEW
Physiology of GLP-1

In humans, location of proglucagon gene is within the long arm of 2 chromosome. Within
that gene there is also located coding sequence for GLP-1. In pancreatic a-cells, intestinal L-
cells, and in neurons in hypothalamus and caudal brainstem, there is expression of
proglucagon gene. Glucose-dependent insulin secretion is enhanced by GLP-1 due to its
incretin-like activity, however gastric passage, food intake and glucagon secretion are
inhibited by GLP-1. In pancreas GLP-1 stimulates proliferation of beta-cells, and Glucagon-
like peptide receptor (GLP-1R) signaling path stimulates hypertrophy. Available literature
suggests that it is not yet completely understood in what ways GLP-1R signaling pathway
restores glucose sensitivity to diabetic human beta-cells in pancreas. GLP-1R pathway
however inhibits pancreatic alpha-cells secretion activity, in consequence inhibiting

glucagon secretion [8].

Pharmacological treatments for obesity and diabetes focus on mimicking or enhancing GLP-
1 activity. Action of GLP-1 on neurons in the brain affects hunger and reward behavioral
patterns. In hypothalamus GLP-1 acts on several nuclei, including hypothalamic
paraventricular nucleus which contains GLP-1R expressing neurons that are being affected
by GLP-1 agonists, in result their activity is one of mechanisms in Central nervous system

(CNS) that modifies food intake. Inactivation of those neurons increase food intake. The



mesolimbic system, part of brain’s reward pathway, also contains GLP-1R expressing

neurons, which alter the dopamine regulatory system after being activated. [9].

Human studies indicate that brown adipose tissue (BAT) was not activated by GLP-1,
suggesting that GLP-1 does not increase energy expenditure in humans [10]. Evidence
shows that peripheral tissues glucose uptake and insulin signaling were not directly modified
by GLP-1 agonists [8].

GLP-1 receptor agonists overview

Currently approved by the FDA or EMA GLP-1 RA are: exenatide, lixisenatide; liraglutide;
dulaglutide, albiglutide, semaglutide and tirzepatide [12][13]. Clinical trials show that best
results in terms of body weight loss are result of treatments which include semaglutide or
tirzepatide. Liraglutide, lixisenatide and semaglutide(oral) are administered once daily,
exenatide twice per day (or once a week), dulaglutide, albiglutide,
semaglutide(subcutaneous) and tirzepatide once a week. Albiglutide however has been
withdrawn from many markets. Tirzepatide while being a GLP-1 RA is also acting on
glucose-dependent insulinotropic polypeptide (GIP) receptors [14]. GLP-1 RAs can lower
blood glucose and glycosylated hemoglobin levels; therefore, they are recommended in
T2DM treatments. GLP-1 RAs are also proven to be effective in prevention and treatment
of T2DM complications, they reduce cardiovascular events, and mortality, while also

reducing decline of eGFR in T2DM-associated renal damage [15].

Semaglutide is widely used and has quickly become one of the most prominent GLP-1 RAs,
initially indicated for T2DM treatment. Its positive effects on cardiovascular outcomes are
well documented. In patients with T2DM with high cardiovascular risk, those receiving
semaglutide were at lower risk of cardiovascular death, nonfatal myocardial infarction and
nonfatal stroke [11]. In STEP 3 randomized clinical trial 611 adults with overweight or
obesity were included to assess semaglutide effectiveness in weight loss. This study
compared once-weekly subcutaneous administration of either placebo or semaglutide
combined with behavioral therapy and low-calorie diet. Individuals with T2DM, glycated
hemoglobin levels of 6.5% or more were excluded. At week 68 of the trial 86.6% of
participants in semaglutide group and 47.6% in placebo group achieved at least 5% loss of
baseline body weight. Gastrointestinal disorders such as nausea, constipation, diarrhea and
vomiting were more frequent in semaglutide group compared to placebo (82.8% vs 63.2%).

Adverse effects were also gallbladder related problems such as cholelithiasis. This study has



shown that once-weekly subcutaneous semaglutide injection increased mean weight loss
more than placebo [16]. Dosage of semaglutide in obesity treatment (2.4 mg subcutaneous
per week) is higher than in T2DM treatment. The STEP 4 randomized clinical trial compared
efficacy of semaglutide vs placebo after an initial semaglutide assisted weight loss. 803
participants completed run-in and then were randomized into intervention groups,
semaglutide was at 2.4 mg dose per week. First 20 weeks of the study was an initial
intervention, because of this treatment mean body weight declined by 10.6%. Body weight
change from week 0 to week 68 was -17.4% in continued semaglutide group compared to -
5.0% in group where semaglutide at week 20 was changed to placebo. Systolic blood
pressure decreased in both groups in the initial 20-week treatment, however in placebo group
it rose while continuous treatment with semaglutide SBP remained stable. Adverse effects
in this study were like the STEP 3 results. Gastrointestinal tract disorders were reported by
71.4% of participants during the run-in period, while in randomized period 41.9% of patients
receiving semaglutide reported Gl tract disorders, and 26.1% of placebo patients did the
same [17]. STEP 5 trial was conducted to assess long-term treatments of adults with obesity
using semaglutide in 2.4 mg weekly dose vs placebo. 304 participants were randomly
assigned to intervention groups. This study also enrolled only participants without T2DM.
Patients were analyzed for a period of 104 weeks. Mean change in body weight from week
0 to week 104 was -15.2% in semaglutide group and -2.6% in placebo group. Also, lipid
profile was improved in semaglutide group compared to placebo, LDL cholesterol was
lowered more effectively in semaglutide group (-6.1% to -2.7% in placebo group),
triglycerides were found to be lowered in semaglutide group, while in placebo group their
levels in blood rose

(-19.0% to 3.7%). Patients receiving semaglutide were more likely to reduce body weight
by 10%, 15% or 20% of baseline bogy weight. Adverse effects such as gastrointestinal tract
disorders were reported more frequently in semaglutide intervention group than in placebo
group (82.2% to 53.9%). Weight loss of at least 5% is a clinically meaningful response, in
this study this threshold was achieved by more than 75% of participants in the semaglutide
group at week 104, moreover 61.8% of participants in this group achieved at least 10% loss
of baseline body weight [18]. The STEP 8 randomized clinical trial compared effectiveness
of treatments including either semaglutide or liraglutide. Study included 338 participants;
intervention lasted for 68 weeks. Patients were randomized into 4 groups: once-weekly
subcutaneous semaglutide in 2.4 mg dose, corresponding placebo group, once-daily
subcutaneous liraglutide in 3.0 mg dose, and matching placebo group. Mean body weight



change in semaglutide group was -15.8% compared to -6.4% in liraglutide receiving group.
Patients receiving semaglutide were also more likely to reduce body weight by at least 10%,
15%, and 20% compared to liraglutide group (70.9% vs 25.6%, 55.6% vs 12%, 38.5% vs
6.0%). Systolic and diastolic blood pressure reduction was also higher by average in
semaglutide group than in liraglutide receiving group (systolic -5.7 vs -2.9, diastolic -5.0 vs
-0.5). LDL cholesterol was lowered on average in semaglutide group (-6.5), while in
liraglutide group it rose (0.9). Adverse effects were reported by 95.2% of patients receiving
semaglutide and 96.1% of patients receiving liraglutide. GI disorders were reported more
frequently in semaglutide group compared to liraglutide group (84.1% vs 82.7%).
Gallbladder-related disorders were reported by 0.8% of patients receiving semaglutide,
while 3.1% of patients treated with liraglutide reported such disorders [19]. Study STEP
TEENS was a randomized clinical trial that compared 2.4 mg weekly dose of subcutaneous
semaglutide with placebo. Researchers assessed percentage change in BMI from baseline to
week 68. Similarly to other studies weight loss of at least 5% was also assessed. 201 patients
aged 12 to <18 years were randomized into two groups. All of patients were obese but one
participant was overweight. Mean percentage change in BMI at week 68 was -16.1% in
semaglutide receiving group and 0.6% in placebo group. 73% of participants treated with
semaglutide achieved at least 5% of baseline body weight compared to 18% in placebo group.
Semaglutide proved to have greater effect than placebo at reducing LDL cholesterol lipid
levels (-10.2 vs -3.4). Adverse effects were reported by 79% of patients in semaglutide group
and 82% in placebo group. Gastrointestinal disorders were reported by 62% of semaglutide
receiving patients and 42% in placebo receiving patients. Five participants had cholelithiasis
in semaglutide group, while in placebo group none [25].

Tirzepatide is a medical agent approved by FDA in T2DM treatment. It is administered
subcutaneous in monotherapy or combination therapy with diet and physical exercise. Series
of clinical trials have been conducted to assess molecules effectiveness. SURPASS-1, a
randomized clinical trial has shown that tirzepatide is more effective than placebo in terms
of body weight reduction and reducing HbALlc. In this study tirzepatide doses were 5, 10 or
15 mg, once a week injected subcutaneously. Body weight reduction from baseline ranged
from 7 to 9.5 kg. SUPRASS-2 was an open-label study, which compared tirzepatide with
semaglutide. Tirzepatide was superior to semaglutide at all doses in terms reduction of
HbALc levels. Tirzepatide doses were 5, 10 or 15 mg and semaglutide 1 mg. SURPASS-3
compared tirzepatide administered once a week, with once-daily insulin degludec together



with metformin and/or inhibitors of Sodium/Glucose transporter 2 (SGLT2) in patients with
T2DM. In this study tirzepatide was proven to be more effective in control of HbAlc levels
and body weight reduction compared to insulin. Weight reduction was higher the higher dose
of tirzepatide was administered, at 5 mg/week it was -7.5 kg, at 10 mg/week -10.7 kg, and
at 15 mg/week -12.9, while group treated with insulin body weight rose on average by 2.3
kg. SURPASS-4 trial compared tirzepatide with insulin glargine in patients with inadequate
control of T2DM. Results of this study concluded that all three doses of tirzepatide were
more effective at lowering cardiovascular risk, reducing body weight and improved glucose
control compared to insulin glargine [12]. SURPASS-5 also compared tirzepatide with
insulin glargine, however in this study to insulin glargine treatment was added a placebo.
This randomized clinical trial had population of 475 adults. Researchers included patients
with inadequately controlled T2DM, and BMI of at least 23. Patients were randomized to
receive once-weekly subcutaneous injections of tirzepatide or placebo for 40 weeks. In terms
of HbAlc change from baseline 10 mg of tirzepatide had best result (-2.4) followed by 15
mg (-2.34), and 5 mg (-2.11) compared to placebo (-0.86). This study shows similar results
to other SURPASS studies in terms of body weight reduction where higher doses proved to
be more effective (-5.4, -7.5, -8.8). Of patients receiving tirzepatide in dose of 15 mg/week
71.6% met at least 5% of body weight loss from baseline, for group receiving 10 mg/week
57.9% and 5 mg/week 47.9%. Adverse effects were reported by 68.1% to 78.3% of patients
receiving tirzepatide, compared to 67.5% of placebo-treated patients. Most frequent adverse
effects were gastrointestinal disorders [20]. The SURPASS-6 randomized clinical trial
aimed to compare tirzepatide with insulin lispro added to basal insulin. 1428 patients were
randomized and treated for 52 weeks. Adult patients with inadequately controlled T2DM
were enrolled. Tirzepatide was initiated at 2.5 mg subcutaneous once weekly dose and
increased by 2.5 mg every 4 weeks until randomized dose was achieved. Tirzepatide was
shown to reduce HbAlc by at least -1.8 at all doses. Baseline mean body weight for each
group receiving 5, 10 or 15 mg were 91.7, 89.1, 91.2 reduced by week 52 to 83.8, 81.2, 79.5
accordingly, which corresponded to change of -6.7, -9.3, -11 accordingly [21]. Another study
compared tirzepatide in 15 mg/week dose with semaglutide 1 mg once-weekly dose and
placebo. 117 patients were randomized, in those patient’s body weight was measured every
4 weeks, and body composition was assessed at beginning of the trial and at week 28. Most
patients were male (73.5%) and white. At week 28 patients receiving tirzepatide achieved -
11 kg of body weight reduction, semaglutide receiving patients -7 kg and placebo receiving
patients 0 kg. Researchers observed differences at week 5 which were as follows, tirzepatide



group -2.6 kg, semaglutide group -1.9, placebo group -1 kg of body weight reduction.
Percentage of fat mass reduction was greater in tirzepatide (-7.1%) than in semaglutide (-
4.0%) group. Energy intake at baseline was similar in all groups, however at week 28
patients receiving tirzepatide in comparison to placebo taking patients achieved reduction of
-309.8 kcal, and semaglutide vs tirzepatide -64.3 kcal [22]. SURMOUNT-3 randomized
clinical trial assessed effects of tirzepatide vs placebo in body weight reduction. 806 patients
were enrolled into first intervention which was a 12-week intensive lifestyle intervention.
Patients who achieved at least 5% body weight reduction were then randomized to receive
maximum tolerated dose of tirzepatide or placebo. Average body weight in those 579
patients decreased from 109.5 kg to 101.9 kg at randomization. Majority of randomized
participants were white (86.0%) and female (62.9%). Patients with T2DM were excluded
from trial. In tirzepatide group 86.4% of participants received a dose of 15 mg once a week
subcutaneous. At week 72 94.0% of patients treated with tirzepatide maintained at least 80%
of body weight reduction achieved by week 12, compared to placebo group in which only
43.8% of patients maintained such body weight reduction. In terms of BMI tirzepatide
treated patients on average lost -7.7 kg/m2, while placebo patients gained 1.2 kg/m2. 87.1%
of tirzepatide receiving patients reported at least one adverse effect and 76.7% in placebo

group [23].

DISCUSSION

This review highlights the growing evidence that GLP-1 receptor agonists, especially
semaglutide and tirzepatide, prove to be highly effective and relatively safe agents for
obesity management. Beyond promoting weight reduction, those molecules have strong
theoretical basis for their efficiency and prove to have other positive effects besides body
weight reduction. The STEP (semaglutide) and SURPASS (tirzepatide) clinical trials
consistently report improved glycemic control, beneficial effects on cardiovascular risk

markers, and significant reduction in body weight.

In all trials semaglutide and tirzepatide were proven to be superior in comparison to placebo
in terms of body weight reduction. Of note, large-scale randomized clinical trials directly
comparing semaglutide at 2.4 mg/week and tirzepatide at 5, 10 or 15 mg/week are lacking.
It remains unclear which agent or dosing regimen may be optimal across various patient

populations.

Although liraglutide appears less effective than semaglutide in certain head-to-head trials,

meta-analysis confirms liraglutide effectiveness in body weight reduction [24]. Studies also



show that liraglutide provides better glycemic control than placebo and has positive effects

on cardiovascular risk factors [26].

Semaglutide has also been shown to affect positively LDL cholesterol levels, in both adults
and adolescents, studies also suggest that GLP-1 RAs slow the progression of fibrosis in
patients with non-alcoholic steatohepatitis (NASH) [15]. Studies included in this review
show that semaglutide is both safe and effective in weight loss treatment.

Tirzepatide is a dual GIP/GLP-1 receptor agonist registered for treatment of T2DM. Its dual-
mechanism action proves to be effective in both diabetes treatment, and weight loss
assistance. Studies show that tirzepatide has positive impact on cardiovascular risk [27].
Tirzepatide also takes effect in brown adipose tissue, stimulating catabolism of BCAAs [28].
Moreover, tirzepatide and semaglutide potentially result in reduction of alcohol consumption

in obese individuals [29].

As observed across these trials the most common adverse effects of GLP-1 RAs are
gastrointestinal disorders such as nausea, vomiting, constipation, diarrhea, and gallbladder-
related issues such as cholelithiasis. These adverse effects seem to be common for all GLP-
1 RAs [30]. Research suggests than definitive conclusions for connection of semaglutide
treatment and pancreatic and thyroid cancer, cannot be drawn [31].

Both semaglutide and tirzepatide however are newly developed medical agents and there is
a need for further research regarding their long-term effects on organism. There is also a
lack of studies comparing both of those agents in weight loss treatment, T2DM treatment,
and their effects on cardiovascular risk. It remains unknown whether the 2.4 mg/week
dosage of semaglutide is superior, equivalent, or comparable to 5, 10 or 15 mg/week of
tirzepatide. There is also a need for clinical trials including more diverse patient populations.
Future randomized clinical trials should consider head-to-head comparison of tirzepatide
and semaglutide in broad range of patients, and parameters.
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