
F inding the best therapeutic 
agent to help millions of 
people manage type 2 diabetes 
and hyperglycemia, reduce 
clinical and economic burden, 

and prevent macro- and microvascular 
complications continues to be a priority. It 
can be challenging to find an appropriate 
agent to help achieve glycemic goals 
and support heart and kidney risk 
reductions while limiting adverse drug 
reactions, intolerability and cost. Since 
the first glucagon-like peptide-1 receptor 
agonist (GLP1-RA) was approved in 
2005, subsequent incretin agents have 
been developed with advantages such as 
extended dosing duration (once weekly) and 
cardiorenal risk reduction. The drug class 
has significantly and positively impacted 
the management of type 2 diabetes, as 
evidenced by its increasingly prominent 
role as an important therapeutic choice to 
decrease blood glucose, body weight, risk 
of major adverse cardiac events (MACE) 
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Learning Objectives
• Compare and contrast the currently available glucagon-like peptide-1 receptor agonists 

(GLP1-RA)

• Describe the mechanism and advantages of tirzepatide

• Identify trends in pipeline GLP1-RA-based-medications 

in people at high risk for or established 
atherosclerotic cardiovascular disease 
(ASCVD), and risk of kidney dysfunction.1 
Current standards of care pathways and 
algorithms recommend specific agents in 
this class as first-line for people with these 
co-morbidities and risks, regardless of 
hemoglobin A1C (A1C) at diagnosis.2,3 In 
addition, the American Diabetes Association 
(ADA) Standards of Care recommend 
initiating GLP1-RAs before prandial 

insulin due to their efficacy to lower 
glucose without the risks of hypoglycemia 
or weight gain. This article will review and 
compare the Federal Drug Administration 
(FDA)-approved indications, advantages, 
and disadvantages of current agents within 
this class; highlight the mechanisms and 
advantages of the newest incretin agent 
to enter the market; and preview pipeline 
agents.  
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Current GLP-1RAs
GLP1-RA agents mimic the action 

of endogenous GLP-1, a glucoregulatory 
hormone that is released from the 
gastrointestinal (GI) system in response to 
food ingestion.4 GLP1-RA agents bind to 
the receptors on several organ systems and 
work in a multimodal manner to reduce 
blood glucose in response to food:  

1. Pancreas - enhances beta cell insulin 
secretion and alpha cell glucagon 
suppression

2. Liver - decreases glucose production
3. Brain - increases satiety
4. Stomach - slows gastric emptying 

time
5. Peripheral tissue - increases insulin 

uptake via weight loss
There are currently five FDA-approved 

GLP1-RA agents for the treatment of type 2 
diabetes in the United States4 (Table 1). The 
medications are commonly differentiated by 
duration of action, with the shorter-acting 
agents having more of an effect on gastric 
emptying, thereby decreasing post-prandial 
glucose yet resulting in a higher incidence 
of GI effects.4 The longer-duration agents 

(weekly injectables) affect both fasting and 
post-prandial glucose due to continuous 
receptor activation, which leads to greater 
reductions in A1C values. In general, the 
GLP1-RA with the highest efficacy to 
decrease A1C is semaglutide, followed by 
dulaglutide, liraglutide, and exenatide. In 
addition, exenatide is an exendin-4-derived 
agent that does not have the same effect on 
MACE outcomes as the other agents. The 
agents that do have evidence of improved 
cardiovascular outcomes are derived from 
modified human GLP-1, and include 
dulaglutide, liraglutide, and semaglutide. 
Interestingly, semaglutide was developed 
from modification of liraglutide to extend 
its duration of action. Each of these 
modified human GLP-1 agents has an FDA 
indication to reduce the risk of MACE in 
adults with type 2 diabetes and ASCVD. 
There is also strong published evidence that 
these agents can reduce MACE in adults 
with multiple risk factors for ASCVD, 
although at this time dulaglutide is the only 
agent to have an FDA-approved indication 
for it.5,6 

Oral Formulation   
As injectable incretin agents continue 

to come to market, there is only one oral 
GLP1 agonist currently available. In 2019, 
semaglutide (Rybelsus®) became the first 
oral GLP1 treatment approved by the 
FDA.17 Although this dosage form is usually 
preferred over injectables, in order for it to 
be properly absorbed, it requires specific 
adherence to taking the tablet at least 30 
minutes before the first intake of the day 
(food/beverages/medications) with no more 
than four ounces of plain water.13 This is 
based on the addition of an absorption 
enhancer, Sodium-N-[8-(2-hydroxybenzoyl) 
amino] caprylate (SNAC), that works 
locally as a pH buffer in the stomach and 
enables the large structure of semaglutide 
to be absorbed orally before being degraded 
by gastric enzymes.18 In addition, this 
dosage form does not have equal glycemic 
efficacy or data to support a reduction 
in cardiovascular or renal complications. 
However; there is currently a phase III study 
researching the effects on A1C and weight 
loss of oral semaglutide at 25 mg and 50 mg 
which may yield improved A1C and weight 

TABLE 1.  Comparison of Currently Available GLP1-RA and GIP/GLP1-RA Medications5,7–16

Drug Indication Comparative 
Weight Loss 

Efficacy 
~A1C 

decrease
Frequency

Starting 
Dose 

(Sub-Q)

Titration 
schedule 

(As tolerated)
Approximate Similar Doses 

Tirzepatide 
(Mounjaro®)

T2DM - Adults ~ 11.2 kg 2.3% Weekly 2.5 mg Every 4 weeks 2.5 
mg 5 mg 7.5 

mg
10 
mg

12.5 
mg

15 
mg

Dulaglutide 
(Trulicity®)

T2DM > 10 yo
MACE 
reduction 

~2.5-4.6kg 1.8% Weekly 0.75 mg Every 4 weeks
0.75 
mg

1.5 
mg

3 mg
4.5 
mg

Exenatide 
(Byetta®)

T2DM - Adults ~ 2 kg 0.9% BID
5 mcg
Before 
meals

Every 4 weeks
5 

mcg
10 

mcg

Exenatide ER 
(Bydureon®)

T2DM > 10 yo ~ 2 kg 1.5% Weekly 2 mg No titration 2 mg

Liraglutide 
Victoza® 

T2DM
MACE 
reduction

~ 2.5 kg 1.5% Daily 0.6 mg Weekly 
0.6 
mg

1.2 
mg

1.8 
mg

Liraglutide 
Saxenda® Obesity > 12yo ~ 9.5 kg Daily 0.6 mg Weekly

0.6 
mg

1.2 
mg

1.8 
mg

2.4 
mg

3 mg

Semaglutide 
Ozempic® 

T2DM
MACE 
reduction

~ 4 kg 2.3% Weekly 0.25 mg Every 4 weeks
0.25 
mg

0.5 
mg

1 mg 2 mg

Semaglutide 
Wegovy® Obesity > 12yo ~ 16 kg Weekly 0.25 mg Every 4 weeks

0.25 
mg

0.5 
mg

1 mg
1.7 
mg

2.4 
mg

Oral 
semaglutide
(Rybelsus®)

T2DM ~ 2.5 kg 1.3% Daily 
3 mg PO 
empty 
stomach

Every 30 days 3 mg 7 mg
14 
mg

Abbreviations: A1C = hemoglobin A1C, GIP = gastric inhibitory polypeptide, GLP1-RA = glucagon-like peptide-1 receptor agonist, MACE = major adverse cardiac events, Sub-Q = 
subcutaneous, T2DM = type 2 diabetes mellitus
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loss potential.19  

New Indications   
A major focus of the updated joint 

ADA/European Association for the Study 
of Diabetes (EASD) and the stand-alone 
ADA Standards of Care 2023 is on the 
treatment of obesity as a health condition, 
with an emphasis on weight management 
being as important as glucose management 
in people with prediabetes and diabetes.2 
GLP1-RA agents have proven efficacy to 
reduce body weight in the majority of 
individuals that utilize this therapy.4 This 
is related to their actions in the brain and 
the stomach. GLP1-RA mechanisms in the 
brain enhance hypothalamic satiety, reduce 
hunger, and suppress energy intake. GLP1-
RA effects on the stomach slow GI motility 
and contribute to feeling full. However, the 
satiety and absorption delay signals can lead 
to nausea and vomiting, the most common 
side effects with agents in this class. Two of 
these agents, liraglutide and semaglutide, 
have separate, branded products and FDA-
approved indications for the treatment of 
obesity/overweight in adolescents > 12 years 
old and adults (Table 1).10,14  In general, 
based on clinical trial information, weight 
loss is as follows: semaglutide > liraglutide 
> dulaglutide > exenatide. The efficacy of 
these agents led to a shortage of all GLP1-
RAs beginning in August 2022, which has 
prevented many people with diabetes from 
procuring their medications. Table 1 gives 
approximately similar doses of the agents 
and can be a useful tool in times of shortage 
or when switching between products for 
formulary issues. When making a switch, it 
is suggested to start with the approximately 
similar or a lower dose and titrate up as 
tolerated.16 

Precautions
All agents within this class have similar 

adverse drug reaction profiles, warnings, 
and contraindications. Due to development 
of thyroid C-cell tumors in rats and mice 
during clinical trials, all GLP1-RAs are 
contraindicated in people with a personal 
or family history of medullary thyroid 
carcinoma (MTC) and multiple endocrine 
neoplasia syndrome type 2 (MEN 2), 
and all people taking GLP-1RA should 
be counseled on the symptoms of thyroid 
tumors.5,7–14,20 Other warnings include 
monitoring for pancreatitis, hypoglycemia 

when used in combination with insulin or 
secretagogues, kidney impairment during 
dehydration, hypersensitivity reactions, and 
acute gallbladder disease. 

Adverse Reactions
The most common adverse reactions 

within the class have some differences 
in frequency among agents: GI-related 
nausea, vomiting, diarrhea, decreased 
appetite, dyspepsia, and constipation.5,9,11-13 

Due to the mechanism of delaying gastric 
emptying, shorter-acting agents can 
affect the absorption of concomitantly 
administered oral medications, and people 
taking these medications should be educated 
on consistency of dosing intervals. 

New Incretin   
Addition of GIP to GLP-1 RA: Tirzepatide 

Tirzepatide (Mounjaro®) was FDA 
approved in 2022 and is an agonist at 
both the glucose-dependent insulinotropic 
polypeptide (GIP) and GLP-1 receptors.7 It 
is the first “twincretin” to come to market, 
based on evidence from the SURPASS 
trials. For more details on the SURPASS 
trials, please see the “Review of Effect of 
Tirzepatide on Glycemic Control and 
Weight Loss” article in this issue. GIP is 
another incretin secreted from the intestines 
in response to ingestion of carbohydrates.20 

The activation of GIP receptors enhances 
GLP-1RA effectiveness and further decreases 
A1C and body weight in people with type 2 
diabetes. See Table 2 for comparative effects 
on the body. People with type 2 diabetes 
have a reduced incretin effect, with a slight 
GLP1 impairment and an almost complete 
lack of GIP response.20 Initially, GIP did not 
seem to have the same effectiveness as GLP1 
on increasing insulin secretion, so it did not 
progress as a therapeutic agent until research 
showed the synergistic effect of using them 
together. 

Tirzepatide is a once-weekly 
subcutaneous injection that has a higher 
efficacy (A1C reduction > 2%) and a 
more profound weight loss (> 10 kg on 
average) than comparators of semaglutide 
1 mg weekly (not maximum dose), 
insulin degludec, insulin glargine, and 
combination therapy in persons with 
increased cardiovascular (CV) risk.7 
The side effects, contraindications, and 
precautions for tirzepatide are similar 
to other agents in the GLP1-RA class.7 
In addition, due to the effect on gastric 
emptying, labeling for tirzepatide includes a 
precaution about potential reduced efficacy 
of oral contraceptives, and recommends a 
backup form of contraception for the first 
four weeks of use. Drugs with a narrow 
therapeutic window such as warfarin 

TABLE 2.  Incretin Effects at the Organ/Tissue Level20,21

Organ/Tissue GLP1 GIP

CNS
Decreases caloric intake 

significantly
Decreases caloric intake 

Heart Increases in heart rate 

Pancreas – beta cells Increases Insulin secretion

Pancreas – alpha cells Decreases glucagon secretion Increases glucagon secretion

Stomach
Slows gastric emptying and 

chylomicron production
No prominent effect

Adipose Tissue No prominent effect
Increases glucose uptake

Increases triglyceride uptake 
and storage

Kidneys Transient sodium excretion 
decreases No prominent effect

Bones
Increases meal-associated 

bone remodeling
Increases meal-associated 

bone remodeling significantly

Liver (indirect effects)
Glucose uptake, glycogen increases, hepatic glucose production 

decreases

CNS = central nervous system, GIP = gastric inhibitory polypeptide, GLP1 = glucagon-like peptide-1
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and levothyroxine should be monitored 
carefully, and people taking acetaminophen 
should be educated on the possibility of 
decreased efficacy and delayed time for 
pain relief. There is a positive impact on 
CV-associated risk factors such as weight, 
blood pressure, and lipids. However, 
the medication’s impacts on MACE and 
prevention of adverse kidney outcomes will 
be determined via results from ongoing 
trials.22 A sub-analysis of SURPASS-4 did 
show a significant decrease in albuminuria, 
estimated glomerular filtration (eGFR) rate 
of decline, and risk of end stage kidney 
disease.23

Pipeline Incretin Medications   
The following sections will highlight 

incretin agents that are currently being 
studied in phase II or III clinical trials. 

Pipeline Oral Incretins
Orforglipron (LY3502970) is a once-

daily oral GLP1-RA in the pipeline that 
completed Phase II studies in fall of 2022.24 
During phase I trials, the medication 
was found to have pharmacodynamic 
profiles similar to injectable GLP1-RA, 
pharmacokinetics enabling once daily 
administration, and up to a 3.6 kg weight 
reduction in 29 days.25 Although finalized 
data from phase II has not been formally 
released, preliminary results shared during 
the investor meeting demonstrated a dose-
dependent A1C reduction of up to 2.1% 
and weight loss of up to 9.6% in patients 
with diabetes over a 26 week period, and 
Eli Lilly and Company plan to move this 
medication into phase III studies in 2023.26

Danuglipron (PF-06882961) is a 
twice daily oral GLP1-RA in the pipeline 
for which Pfizer Inc. presented phase II 
study results at the 2022 EASD Annual 
Meeting.27 The phase 2a results found mean 
A1C reductions up to 1.57% and body 
weight reductions up to 5.38 kg over 16 
weeks and had efficacy and safety data in 
line with phase II data for other GLP1-RAs. 
The phase 2b results found a mean A1C 
reduction of up to 1.15%, mean fasting 
plasma glucose reductions of up to 31.93 
mg/dl, and mean weight loss of up to 4.6 kg 
over 16 weeks. 

PIPELINE Incretin Combinations with 
Semaglutide

Novo Nordisk currently has two incretin 
combinations in phase II that utilize a 
combination with semaglutide both orally 
and subcutaneously. CarigSema is a once 
weekly subcutaneous injection that includes 
cagrilinitide and semaglutide, with a phase 
II trial that was completed in July 2022.28

Cagrilintide is a long-acting acylated 
amylin analogue that agonizes amylin and 
calcitonin receptors.28 Amylin is a peptide 
hormone secreted from the pancreatic β-cell 
in addition to insulin that can function 
similarly to GLP1 by inhibiting glucagon 
secretion, delaying gastric emptying, and 
causing satiety.29 What differentiates the 
action of amylin from a GLP1RA is that it 
does not cause beta-cell insulin release. 

When utilized alone, the investigational 
amylin agonist cagrilintide has been 
found to reduce food intake and weight 
in a dose-dependent manner in people 
with excess body weight without diabetes 
who experienced weight reductions up to 
10.8% in 26 weeks; however, there was 
no change in A1C or fasting glucose from 
baseline to week 26.30 Although the phase 
II trial results for weight loss efficacy of 
CarigSema are not available yet, there seems 
to be a potential for significant weight 
loss with the combination of cagrilintide 
with semaglutide as compared to GLP1-
RA monotherapy, while maintaining 
A1C lowering due to the inclusion of 
semaglutide. 

FDC Sema – OW GIP (NNC0480-
0389) is a once weekly subcutaneous 
injection that includes a novel GIP agonist 
in combination with semaglutide. A phase 

II trial of this investigational combination 
agent for people with type 2 diabetes 
began in November 2021, and study 
completion is expected in March 2023.31 
Little information is currently available 
about this product; however, in the future, 
it may provide people with type 2 diabetes 
additional A1C and weight loss efficacy, 
compared to a GLP1-RA alone. 

Pipeline GLP1, GIP, GCGR 
Dual- and Tri- Agonists  

With the success of GLP1-RA agents 
and the introduction of a dual GLP1/GIP 
RA into the market, there are additional 
dual, triple, or other unique modifications 
of the glucagon receptor (GCGR) on the 
horizon.32 Agonizing GCGR can reduce 
appetite, increase energy expenditure 
to promote weight loss, decrease 
gastrointestinal motility, enhance hepatic 
fatty acid oxidation and lipolysis, and 
stimulate insulin secretion during times of 
hyperglycemia.33 

Studies demonstrating the synergistic 
weight-loss mechanisms of GLP-1 and 
glucagon have led to development of dual-
agonists.32 Several candidates have been in 
the pipeline for treatment of type 2 diabetes; 
however, a recent review of pharmaceutical 
companies’ pipeline websites revealed 
that the intended use for many of these 
agents has been changed to treatment of 
nonalcoholic fatty liver disease (NAFLD) 
and/or obesity. Three agents for type 2 
diabetes are currently in phase II or beyond, 
as described in Table 3.

Tri-agonism of GLP1-R, GIP-R, 
and GCGR in pre-clinical and clinical 

TABLE 3.  Pipeline Dual- and Tri- Agonists in Phase II or III33–35

Medication Route, Frequency, 
and MOA Company Current Status and Relevant 

Publications/Studies

BI 456906
Subcutaneous once to 
twice weekly GCGR/
GLP1-R dual agonist

Zealand 
Pharma

Phase II Completed 11/14/2021
https://clinicaltrials.gov/ct2/show/
NCT04153929

Oxyntomodulin
(OPK88003)

Weekly subcutaneous 
GCGR/GLP1-R dual 
agonist

OPKO Health
Phase II Completed 6/27/2019
https://clinicaltrials.gov/ct2/show/
NCT03406377

Retatrutide 
(LY3437943)

Weekly subcutaneous 
GIP/GLP1/GCGR tri-
agonist

Eli Lilly

Phase II completed 12/28/2020
https://doi.org/10.2337/db21-104-OR
https://doi.org/10.1016/S0140-
6736(22)02033-5
https://doi.org/10.2337/db22-340-OR

GCGR = glucagon receptor, GIP = gastric inhibitory polypeptide, GLP1-R = glucagon-like peptide-1 receptor, MOA = 
mechanism of Action

https://clinicaltrials.gov/ct2/show/NCT04153929
https://clinicaltrials.gov/ct2/show/NCT04153929
https://clinicaltrials.gov/ct2/show/NCT03406377
https://clinicaltrials.gov/ct2/show/NCT03406377
https://doi.org/10.2337/db21-104-OR
https://doi.org/10.1016/S0140-6736(22)02033-5
https://doi.org/10.1016/S0140-6736(22)02033-5
https://doi.org/10.2337/db22-340-OR
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studies demonstrated weight reductions 
and improved glycemic parameters.32,34,35 
Multiple agents are being explored for 
obesity and NAFLD, and one tri-agonist 
has completed a phase II trial for type 2 
diabetes, as seen in Table 3. Results from the 
phase II trial of retatrutide demonstrated 
a mean A1C reduction of up to 1.9% and 
mean weight loss of up to 8.65 kg (10.1% 
decrease from baseline) at 12 weeks, which 
could be a competitive addition to the 
market.33 

Conclusion
This is a dynamic time for diabetes 

pharmacotherapeutics. The introduction of 
GLP1-based medications into the market 
has been transformative in providing 
effective A1C and weight reductions for 
people with Type 2 diabetes. Additionally, 
the most recent ADA guidelines highlight 
weight management as a compelling factor 
when selecting diabetes pharmacotherapy. 
Several GLP1-based therapies are currently 
available, and there are additional, exciting 
products in the pipeline.
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Assessment Questions
1. Which of the following is true regarding 

the mechanism of GLP1-RA?
 a. Decreases beta cell insulin secretion  

 in the pancreas 
 b. Decreases glucose production in the  

 liver
 c. Decreases satiety
 d. Increases gastric emptying time

2. True or False: Once daily GLP1-RA 
medications are more effective than once 
weekly

 a. True
 b. False

3. Patient MR is a 45-year-old male with 
type 2 diabetes. He was previously well 
managed on metformin 1000 mg BID 
and Farxiga 10 mg daily, however his 
A1C today was elevated at 8 %. MR has 
had the following BMI values over the 
last year: 32.4 kg/m² (today’s visit), 30.2 
kg/m² (6 months ago), 28.6 kg/m² (12 
months ago). Due to his rising BMI, you 
would like to start a GLP1-RA. Assuming 
no contraindications to therapy or 
insurance barriers, which GLP1-RA would 
have the best efficacy for weight loss? 

 a. Dulaglutide
 b. Exenatide
 c. Liraglutide
 d. Semaglutide

4. Which of the following is NOT approved 
for use in adolescents WITH diabetes?

 a. Dulaglutide
 b. Tirzepatide
 a. Liraglutide
 b. Semaglutide

5. Which of the follow medications do NOT 
have an FDA approval for MACE

 a. Dulaglutide

 b. Exenatide
 a. Liraglutide
 b. Semaglutide

6. Which of the following is unique about the 
mechanism of GIP compared to GLP1?

 a. GIP does not affect the kidneys
 b. GIP slows gastric emptying
 c. GIP increases glucagon secretion
 d. GIP does not affect the adipose tissue

7. Which of the following is an advantage of 
tirzepatide compared to other GLP1-RA 
medications?

 a. Oral administration
 b. Once monthly administration
 c. Lower risk of drug interactions
 d. More effective for weight loss

8. The common adverse gastrointestinal 
reactions of nausea, vomiting, diarrhea or 
constipation are primarily due to which 
mechanism of GLP1-RAs?

 a. Delayed gastric emptying
 b. Change in intestinal biome
 c. Increased insulin secretion and uptake  

 in peripheral tissues
 d. Increased satiety in the CNS

9. Which of the following is TRUE about the 
ORAL formulation of semaglutide? 

 a. It has higher efficacy
 b. It has a more profound weight loss
 c. It needs to be taken on an empty  

 stomach with up to 4 ounces of water
 d. It can be taken with food if it causes  

 nausea

10. True or False: Including GCGR agonism 
in combination with GLP1/GIP-RA can 
increase weight loss potential due to 
increased energy expenditure. 

 a. True

 b. False

11. Did the activity meet the stated learning 
objectives? (if you answer no, please email 
sarahs@pswi.org to explain)

 a. Yes
 b. No

12. On a scale of 1 – 10 (1-no impact; 
10-strong impact), please rate how this 
program will impact the medication 
therapy management outcomes or safety 
of your patients.

13. On a scale of 1 – 10 (1-did not enhance; 
10-greatly enhanced), please rate how this 
program enhanced your competence in the 
clinical areas covered.

12. On a scale of 1 – 10 (1-did not help; 
10-great help), please rate how this 
program helped to build your management 
and leadership skills.

14. How useful was the educational material?
 a. Very useful
 b. Somewhat useful
 c. Not useful

15. How effective were the learning methods 
used for this activity?

 a. Very effective
 b. Somewhat effective
 c. Not effective

16. Learning assessment questions were 
appropriate.

 a. Yes
 b. No

17. Were the authors free from bias?
 a. Yes
 b. No

18.  If you answered “no” to question 17, 
please comment (email info@pswi.org).

19.  Please indicate the amount of time it took 
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