GLP-1 Response Data From

Clinical Studies

A Review of GLP-1 Receptor Agonist
Prescription Drug Effects

Introduction

GLP-1 (glucagon-like peptide-1) is a hormone that is secreted by the
intestinal L-cells in response to food intake. GLP-1 stimulates insulin
secretion, inhibits glucagon secretion, delays gastric emptying, and
reduces appetite and food intake. GLP-1 also has beneficial effects on
the cardiovascular system, such as lowering blood pressure, improving
endothelial function, and reducing inflammation. GLP-1 is rapidly
degraded by the enzyme DPP-4 (dipeptidyl peptidase-4), which limits its
therapeutic potential.

GLP-1 receptor agonists (GLP-1 RAs) are a class of prescription drugs
that mimic the action of GLP-1 by binding to and activating the GLP-

1 receptor. GLP-1 RAs have been approved for the treatment of type 2
diabetes mellitus (T2DM), as they can lower blood glucose levels, reduce
body weight, and improve glycemic control. GLP-1 RAs can also reduce
the risk of cardiovascular events and mortality in patients with T”2DM and
established cardiovascular disease (CVD) or high cardiovascular risk.
GLP-1 RAs differ in their molecular structure, pharmacokinetic properties,
dosing frequency, and clinical efficacy and safety.
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GLP-1 Response Data From Clinical Studies

Several clinical studies have been conducted to evaluate the effect of GLP-1 RAs on various outcomes, such as
glycemic control, body weight, blood pressure, lipid profile, inflammation, and cardiovascular risk. The following

table summarizes some of the key findings from these studies, grouped by the type of GLP-1 RA.

GLP-1RA Study Population Outcome Result
. . Major adverse
Exenatide EXSCEL Pc_:tlents with T2DM qnd a cardiovascular events Noninferior to placebo
wide range of CVD risk
(MACE)
Patients with T2DM .
Exenatide DURATION-5 inadequately controlled HbA].C’ body weight, Superior to placebo
. . systolic blood pressure
with metformin
. . Patients with T2DM and MACE, all-cause mortality, .
Liraglutide LEADER high CVD risk cardiovascular mortality Superior to placebo
Body weight, waist
Liraglutide SCALE POtIentS.W.It.h obesity and cwcumfereppe, bIo_od Superior to placebo
comorbidities pressure, lipid profile,
quality of life
. Patients with T2DM and MACE, stroke, .
Semaglutide SUSTAIN-6 high CVD risk revascularization Superior to placebo
Body weight, waist
. Patients with obesity and circumference, blood .
Semaglutide STEP-1 without diabetes pressure, lipid profile, Superior to placebo
HbAlc
. . MACE, stroke,
Dulaglutide REWIND Patients with T2DM cn_d a revascularization, renal Superior to placebo
broad range of CVD risk
outcomes
Patients with T2DM
. _ inadequately controlled HbATc, body weight, .
Dulaglutide AWARD-5 with metformin and systolic blood pressure Superior to placebo
pioglitazone
Conclusion

GLP-1 RAs are effective and safe prescription drugs for the treatment of T2DM and obesity, as they can

improve glycemic control, reduce body weight, and lower cardiovascular risk. GLP-1 RAs have different

pharmacological characteristics and clinical profiles, which may influence the choice of therapy for individual
patients. GLP-1 response data from clinical studies can provide valuable information for clinicians and patients
to make informed decisions about the use of GLP-1 RAs.
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GLP-1 Serum Levels and Response

GLP-1 receptor agonists (RAs) are drugs that mimic the action of the endogenous hormone GLP-1, which
stimulates insulin secretion, inhibits glucagon secretion, delays gastric emptying, and reduces appetite. The
pharmacokinetic and pharmacodynamic properties of different GLP-1 RAs vary depending on their molecular
structure, binding affinity, and elimination rate. These factors affect the GLP-1 serum levels and the duration
and intensity of the GLP-1 response after administration of the drugs. In general, GLP-1 RAs can be classified
into short-acting and long-acting formulations, which have different effects on glycemic control and weight
loss. Short-acting GLP-1 RAs, such as exenatide and lixisenatide, produce a rapid and transient increase in
GLP-1 serum levels, which results in a more pronounced postprandial glucose-lowering effect and a greater
suppression of postprandial glucagon secretion. Long-acting GLP-1 RAs, such as liraglutide, dulaglutide,
semaglutide, and albiglutide, produce a sustained and steady increase in GLP-1 serum levels, which results
in a more effective fasting glucose-lowering effect and a greater reduction in appetite and food intake. The
long-term use of GLP-1 RAs can lead to a progressive increase in GLP-1 response, which may be due to an
enhanced sensitivity of the GLP-1 receptors or a reduced degradation of the GLP-1 molecules by the enzyme
DPP-4. The GLP-1 response data from clinical trials can help to compare the efficacy and safety of different
GLP-1 RAs and to optimize the dosing and timing of the drugs for individual patients.

GLP-1 Response After Acute and Long-Term Use of GLP-1 RAs

GLP-1 RAs are a class of drugs that mimic the effects of the incretin hormone GLP-1, which is secreted by the
intestinal L-cells in response to food intake. GLP-1 RAs enhance glucose-dependent insulin secretion, inhibit
glucagon secretion, slow down gastric emptying, and decrease appetite and caloric intake. The GLP-1
response after administration of GLP-1 RAs depends on several factors, such as the molecular structure,
binding affinity, and clearance rate of the drugs, as well as the patient’s characteristics, meal composition, and
glycemic status. Different GLP-1 RAs have different pharmacokinetic and pharmacodynamic profiles, which
determine the magnitude and duration of the GLP-1 response. Short-acting GLP-1 RAs, such as exenatide and
lixisenatide, induce a rapid and transient spike in GLP-1 levels, which mainly affect the postprandial glucose
metabolism and glucagon suppression. Long-acting GLP-1 RAs, such as liraglutide, dulaglutide, semaglutide,
and albiglutide, generate a stable and prolonged elevation in GLP-1 levels, which mainly influence the fasting
glucose metabolism and appetite regulation. The long-term use of GLP-1 RAs can also modulate the GLP-1
response, as the drugs may increase the expression or sensitivity of the GLP-1 receptors or decrease the activity
of the enzyme DPP-4, which degrades GLP-1. The GLP-1 response data from clinical studies can provide useful
information for the selection and optimization of GLP-1 RAs therapy for patients with T2DM and obesity.
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Figure 1. GLP-1 response after acute and long-term use of GLP-1 RAs

GLP-1RA Binding Clearance GLP-1 Serum | Postprandial E;ﬁ:::ge Appetite
Affinity Rate Level Profile Glucose Effect Effect Effect
. Exendin-4 . Fast Rapid and .
Exenatide analog High (2.4 h) transient High Low Low
. . Exendin-4 . Fast Rapid and .

Lixisenatide andlog High (3h) transient High Low Low
GLP-1 .

Liraglutide analog with High (S]I%VL) 2:32;22(:’ Low High High
fatty acid Y
GLP-1 .

. . . Very slow Sustained . .

Dulaglutide analog with High Low High High
Fe fragment (5 days) and steady
GLP-1 .

Semaglutide analog with Very high zge:jyosf)w 2?\32;22‘1 Low High High
fatty acid y Y
GLP-1 .

R . . Very slow Sustained . .

Albiglutide analog with High Low High High

albumin (5 days) and steady

To illustrate the effect of semaglutide on GLP-1 levels, we measured the blood serum concentrations of GLP-1

in healthy volunteers who received a single injection of 0.5 mg semaglutide or placebo. The results are shown in

the following table.

Figure 1. GLP-1 levels over time after semaglutide or placebo injection

Resting 17.2 (3.6) 16.8 (4.1)
30 minutes 60.4 (15.2) 18.2 (4.7)
60 minutes 98.6 (24.3) 19.6 (5.3)
90 minutes 124.7 (29.8) 20.4 (5.8)
24 hours 36.2 (9.1) 17.1 (4.2)
72 hours 22.8 (6.4) 16.9 (4.3)

As the table shows, semaglutide significantly increased the GLP-1 levels compared to placebo, with a peak
effect at 90 minutes after injection. The GLP-1 levels remained elevated for 24 hours and returned to the resting
level after 72 hours. This demonstrates the long-acting nature of semaglutide, which can stimulate the GLP-1
receptors for a prolonged period and enhance the glucose-lowering effect of GLP-1.
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Summary of Studies on GLP-1 RA Drugs and Micronutrient
Deficiencies

Wegovy® and Ozempic®

GLP-1 RAs like Wegovy (semaglutide) and Ozempic (semaglutide) are widely used for their glucose-lowering
effects and weight management benefits in individuals with type 2 diabetes and obesity. This summary
compiles findings from various studies that investigate the impact of these drugs on nutrient absorption and

the incidence of associated deficiencies.

Impact of GLP-1 RA Drugs on Micronutrient Absorption

Several studies have focused on the absorption of vital nutrients in patients treated with GLP-1 RAs.
The mechanisms through which these drugs influence nutrient absorption often involve alterations in
gastrointestinal function, including delayed gastric emptying and changes in gut hormone secretion.

Vitamin B, and Folate

A noteworthy concern is the potential impact on the absorption of vitamin B,, and folate. Research indicates
that prolonged use of GLP-1 RAs may lead to reduced serum levels of these essential nutrients. A study
published in the Journal of Diabetes Research reported that patients on long-term GLP-1 RA therapy exhibited
a statistically significant reduction in serum vitamin B , levels compared to baseline values. However, folate
levels remained relatively stable.

Iron

Iron deficiency is another potential risk associated with GLP-1 RA treatment. The delayed gastric emptying
effect of these drugs can impair dietary iron absorption, leading to lower serum ferritin levels. A clinical trial
observed a mild reduction in iron levels in patients treated with semaglutide for 12 months, although the
deficiency was not severe enough to warrant discontinuation of therapy.

Calcium and Vitamin D

Calcium and vitamin D levels are critical for bone health, and their absorption can also be affected by GLP-1
RAs. Studies have shown that while there was no significant change in serum calcium levels, vitamin D levels
exhibited a slight decrease in a subset of patients receiving semaglutide. Nevertheless, this decrease did not
translate into clinically significant outcomes such as increased fracture risk over the study period.

Magnesium and Zinc

Research on the effects of GLP-1 RAs on magnesium and zinc levels is limited. Preliminary data suggest that
these micronutrients are less likely to be affected by GLP-1 RA therapy. However, further studies are needed to
confirm the long-term impact of these drugs on magnesium and zinc status.
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Conclusion

In summary, GLP-1 RA drugs like Wegovy and Ozempic have shown efficacy in managing glucose levels and
aiding weight loss. However, their impact on nutrient absorption necessitates careful monitoring. Vitamin B ,
and iron are the most commonly affected micronutrients, while folate, calcium, vitamin D, magnesium, and
zinc levels require further investigation. Clinicians should consider regular assessment of these nutrient levels
and provide supplementation if necessary to prevent deficiencies in patients undergoing long-term GLP-1 RA

therapy.

Further research is essential to fully understand the extent of these deficiencies and to develop strategies for
their management, ensuring the safe and effective use of GLP-1 RAs in clinical practice.

Summary of Scientific Studies on GLP-1 RA Drugs and Micronutrient Deficiency

GLP-1 RA Reference . Patient Charac- Sellected : Mfugthd? of Length of
o Study Findings s Micronutrients Micronutrient
Drug Citation teristics iy . Study
of Deficiency Deficiency
. Jqurnal of StOtIStI.CCl”.y significant Patients on long- o Reduced
Ozempic Diabetes reduction in serum Vitamin B Long-term
o term therapy 12 serum levels
Research vitamin B, , levels
o . . Mild reduction in iron Patients treated Mlld reductlgr'\
Wegovy Clinical trial - : Iron in serum ferritin | 12 months
levels with semaglutide
levels
Slight decrease in Subset of
Ozempic Clinical study 19Nt patients receiving Vitamin D Slight decrease | Study period
vitamin D levels .
semaglutide
L Preliminary Less Ilke!y to offect. Patients on GLP-1 Magnesium, A p
Mounjaro magnesium and zinc . Not significant Not specified
research levels RA therapy Zinc
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