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Side Effects Associated with Liraglutide Treatment for

Obesity as Well as Diabetes
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Liraglutide is a glucagon-like peptide-1 receptor agonist used as a treatment for type 2 diabetes mellitus, which
has been expanded for use at a higher dose in weight control. Therefore, it is necessary to consider adverse reac-
tions of the drug at high doses as well as at lower doses after the indication has been expanded. Body mass in-
dex criteria for patients prescribed the drug in the real world tend to be applied less rigorously, which may in-
crease the number of adverse reactions due to over-prescription. Liraglutide treatment was found effective and
safe in some studies, while others have warned about its risks. Therefore, this review summarizes the current

data available on side effects associated with liraglutide.
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INTRODUCTION

Liraglutide, a glucagon-like peptide-1 (GLP-1) receptor agonist,
is primarily used to treat type 2 diabetes mellitus (T2DM), but it
has also been used to control weight.' While a dose of 1.8 mg is
usually administered to treat T2DM, a higher dose of 3.0 mg is pre-
scribed for weight control. Hence, studying adverse reactions of the
high dose as well as those of a lower dose of liraglutide is necessary
to develop strategies for rational prescription.

A previous study reported that liraglutide had a greater weight
loss effect at 52 weeks compared to other weight control drugs, but
it also had more drug discontinuations due to adverse reactions
among overweight or obese adults.> However, according to another
study, liraglutide treatment is effective and safe for weight loss in

obese individuals without diabetes.?
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Unlike the subjects” high body mass index criteria, which were
applied in clinical trials related to liraglutide, the body mass index
criteria for patients prescribed the drug in the real world tend to be
applied less rigorously, which may increase the number of adverse
reactions due to over-prescription. Many clinical trials have been
carried out that studied liraglutide followed by subsequent meta-
analyses of their data. This review draws on those data and summa-

rizes the latest information on side effects associated with liraglutide.

ACUTE PANCREATITIS

Side effects related to liraglutide use are summarized in Table 1.
In patients with T2DM, treatment with incretin-based therapies
(GLP-1 receptor agonists and dipeptidyl peptidase 4 [DPP-4] in-

hibitors) was associated with increased odds of hospitalization due
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Table 1. Side effects summary

Variable Liraglutide dose Side effect Other consideration

Serum lipase and amylase level 18and3.0mg Increase*

Acute pancreatitis 1.2-3.0mg The absolute risk is numerically higher.>

Gallbladder or biliary disease 06-3.0mg Increase’®

Liver disease 0.9-1.8mg Improve liver histology and reduce Elevation of liver enzymes and development of cholestasis and hepatitis have
aminotransferase levels %™ been reported during post-approval use.’

Case reports: elevations of liver enzymes'"'? and development of autoimmune
hepatitis'

Kidney disease 12and1.8mg  Reduce proteinuria, improve renal function, Dehydration resulting from nausea, vomiting, and diarrhea, increased serum
produce an anti-inflammatory effectand ~ creatinine, and acute renal failure or worsening of chronic renal failure,
ameliorate lipid metabolism. ™" sometimes requiring hemodialysis have been reported during post-approval

use.”
Case reports: elevation of serum creatinine and development of acute kidney
injuw15,15

Heart rate 12and18mg Increase’®

Gastrointestinal symptom 06-3.0mg Increase®'*1%%

Hypoglycemia 06-1.8mg No increase'9%%% Co-administered antidiabetic drugs should be adjusted according to glucose

monitoring results and hypoglycemic risk."

to acute pancreatitis (AP), increased risk of AP, and increased levels
of serum lipase and amylase.””” While one study found no consis-
tent trend for risk of pancreatitis with DPP-4 inhibitors,* other
meta-analyses observed a positive trend towards increased risk for
pancreatitis with DPP-4 inhibitors.”*

With GLP-1 receptor agonists, liraglutide 1.8 mg-treated pa-
tients with T2DM showed a 28% increase in serum lipase levels
and a 7% increase in serum amylase levels compared with the pla-
cebo group, in the Liraglutide Effect and Action in Diabetes: Evalu-
ation of Cardiovascular Outcome Results (LEADER) trial.* Dur-
ing this trial, 0.4% of liraglutide-treated and 0.5% of placebo pa-
tients developed AP.

In the Satiety and Clinical Adiposity — Liraglutide Evidence
(SCALE) trial, 3.0 mg of liraglutide versus placebo showed a 31%
increase in serum lipase levels and a 7% increase in serum amylase
levels.® In addition, the absolute risk of AP in this evaluation was
numerically higher in liraglutide (0.4%, 2.65 events/1,000 person-
years of observation) versus placebo ( <0.1%, 0.44 events/1,000
person-years of observation).

A previous study suggested that there was not enough evidence
to support an association between liraglutide (0.1-1.8 mg) and AP,
when used in the treatment of T2DM.*' According to a claim-
based study, there was no excess risk of AP associated with liraglu-
tide relative to other antidiabetic drugs.*> However, a pooled analy-

sis suggested a tendency to slightly increased risk of pancreatitis
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with GLP-1 receptor agonists.”® In addition, a review suggested that
the incidences of reported AP and chronic pancreatitis were nu-
merically greater with liraglutide (1.2 and 1.8 mg) than with com-
parators in patients with T2DM.® GLP-1 receptor agonists are like-
ly to cause subclinical pancreatic inflammation, leading to an eleva-
tion in enzyme levels, which may explain the increased lipase and

amylase blood levels due to liraglutide.®

GALLBLADDER OR BILIARY DISEASE

In the LEADER trial, the risk of acute gallbladder or biliary disease
was higher with liraglutide (1.8 mg) compared to placebo.” A recent
updated meta-analysis suggested a significant increase in the risk of
cholelithiasis in patients treated with liraglutide (0.6-3.0 mg).*
GLP-1 suppresses the secretion of cholecystokinin after a meal in
normal subjects and patients with type 1 diabetes mellitus (T1DM).*
This suppression attenuates the gallbladder contractility, therefore,
offering an explanation for the increased risk of adverse gallbladder

events.

LIVER DISEASE

Individual patient-level data meta-analysis of the Liraglutide Ef-
fect and Action in Diabetes program suggested that treatment with

1.8 mg of liraglutide significantly reduced alanine aminotransferase
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in patients with T2DM and abnormal baseline alanine aminotrans-
ferase and showed a trend towards improving hepatic steatosis.”
Studies suggest that in patients with non-alcoholic steatohepatitis,
particularly those with diabetes, GLP-1 receptor agonists (includ-
ing 0.9 and 1.8 mg of liraglutide) may improve liver histology and
reduce aminotransferase levels from baseline."

Animal studies suggest that liraglutide attenuates non-alcoholic
fatty liver disease by (1) downregulating the expression of inflam-
matory signaling mediators in the tumor necrosis factor-o. path-
way,** (2) upregulating an antioxidant protein (Sestrin2)-mediated
nuclear factor-erythroid 2-related factor 2/heme oxygenase-1 path-
way,®® (3) regulating the local renin-angiotensin system,* and (4)
bringing about structural changes in gut microbiota associated with
hepatic steatosis.”

However, elevations of liver enzymes and development of cho-
lestasis and hepatitis have been reported during post-approval use
of liraglutide." There have been case reports of elevations of liver

11,12

enzymes'""> and development of autoimmune hepatitis' in pa-

tients treated with liraglutide (1.2 mg).

KIDNEY DISEASE

Liraglutide (1.2 mg) appears to be effective in reducing protein-
uria, improving renal function, producing an anti-inflammatory ef-
fect, and ameliorating lipid metabolism in patients with T2DM and
early-stage nephropathy.® In a Scandinavian cohort study, use of
GLP-1 receptor agonists was associated with risk reduction in seri-
ous renal events compared with DPP-4 inhibitors."*

Liraglutide also enhances lipolysis and reduces lipid synthesis to

Table 2. Cancer-related side effects summary

jomes

inhibit renal ectopic lipid deposition in diabetic nephropathy rats
by promoting adenosine monophosphate-activated protein kinase
phosphorylation.* In addition, GLP-1 receptor agonists are known
to have a reno-protective effect by reducing blood sugar, blood
pressure, and body weight, but are thought to have additional ef-
fects that preserve renal function by an unknown mechanism.*’
However, dehydration due to nausea, vomiting, and diarrhea, in-
creased serum creatinine, and acute renal failure have been report-
ed during post-approval use of liraglutide." There have been case
reports of elevation of serum creatinine and development of acute
kidney injury in patients treated with liraglutide (1.8 mg'$; dosage
not reported'®). One of these cases was thought to be caused by
dehydration due to progressively worsening nausea, vomiting, and
diarrhea for several weeks," and the patient even received hemodi-

alysis treatment.

CANCER

Cancer-related side effects of liraglutide are summarized in Ta-
ble 2. A recent study found no reported cases of pancreatic or thy-
roid cancer within a year in patients with T1DM taking insulin treat-
ed with liraglutide (0.6-1.8 mg) or placebo."” Another study observed
no increase in cancer with the use of GLP-1 receptor agonists (in-
cluding 0.9-3.0 mg of liraglutide) in patients with T2DM.* In a pre-
vious study of patients with T2DM, use of liraglutide (0.1-1.8 mg)
increased the risk of cancer by 35%, but was not statistically signifi-
cant.’" However, the cancer risk became statistically significant

when only high-quality methodological studies were considered.

Variable Liraglutide dose Side effect Other consideration
Cancer 0.1-1.8mg Increase when only methodological studies
of high quality were considered.

Thyroid cancer 0.1-1.8mg No increase™ Cases of medullary thyroid carcinoma have been reported during post-approval use.!

Pancreatic cancer 12and1.8mg  Noincrease®*# Pancreatic cancer was more commonly reported among patients with T2DM who took
GLP-1 receptor agonists.*

Breast cancer 18and30mg  Noincrease™ Significant increase in breast cancer risk was identified in patients using GLP-1 receptor
agonists for 2-3 years.®

Prostate cancer No reports to date relating liraglutide to an

increased risk of prostate cancer

T2DM, type 2 diabetes mellitus; GLP-1, glucagon-like peptide-1.
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Thyroid cancer

Medullary thyroid tumors have been reported more commonly
in rodent toxicology studies using liraglutide compared to human
trials, as in the latter, there is a controversy over the relationship be-
tween GLP-1 receptor agonists (including 0.6-1.8 mg of liraglu-
tide) and thyroid cancer.*

The results of one study indicated no increase in thyroid cancer
with the use of liraglutide (0.1-1.8 mg) in patients with T2DM.*
Medullary thyroid carcinomas rarely express the GLP-1 receptor in
vitro, while papillary thyroid cancers do not express the receptor.”’
Therefore, only GLP-1 receptor-positive medullary thyroid carci-
nomas can be candidates for in vivo GLP-1 receptor targeting. Cas-
es of medullary thyroid carcinoma have been reported during post-
approval use of liraglutide.!

Pancreatic cancer

According to a claim-based study, there was no increased risk of
pancreatic cancer with liraglutide compared to other antidiabetic
drugs.*> However, pancreatic cancer has been reported more com-
monly among T2DM patients taking GLP-1 receptor agonists or
DPP4 inhibitors compared to other therapies.” Recent studies
have suggested that GLP-1 receptor agonists (including 1.2 and
1.8 mg of liraglutide) do not increase the risk for pancreatic cancer
when compared to other treatments* or placebo* in T2DM pa-
tients.

In a human pancreatic cancer cell study, GLP-1 receptor activa-
tion had an antitumor effect on human pancreatic cancer via inhi-
bition of the phosphoinositide 3-kinases/protein kinase B path-
way.*® As normal ductal epithelial cells, pancreatic intraepithelial
neoplasia 3, or ductal pancreatic carcinomas do not express the
GLP-1 receptor, it seems that the receptors are not involved in the

neoplastic transformation in the pancreas.”

Breast cancer

Liraglutide may have a role in the inhibition of proliferation as
well as promotion of apoptosis in human breast cancer cells
(MCF-7) by inhibiting microRNA-27a and subsequently increas-
ing the expression of adenosine monophosphate-activated protein
kinase catalytic subunit 02 protein.* However, a prospective co-

hort study suggested that there is no association between liraglu-
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tide (1.8 and 3.0 mg) use and female breast cancer in a real-world
setting.** According to a similar study, as compared with DPP-4 in-
hibitors, the risk of breast cancer increased in patients treated with
GLP-1 receptor agonists for 2-3 years, although the use of GLP-1
receptor agonists did not increase the risk of breast cancer overall.*
GLP-1 receptors have been located on human breast tissue, and the
interaction between GLP-1 receptor agonists and the fibroblast
growth factor 7/fibroblast growth factor receptor 2 axis could stim-

ulate proliferation of a subset of early breast cancers.*

Prostate cancer

Liraglutide attenuates prostate cancer growth through regulation
of the p38 pathway by binding with the GLP-1 receptor in vitro.*°
Forced expression of GLP-1 receptor attenuates prostate cancer
cell proliferation by inhibiting cell cycle progression in vitro and in
vivo.>' A recent study also showed that an anticancer drug and lira-
glutide decreased the viability of prostate cancer cells (LNCaP)
synergistically** To date, there are no reports relating liraglutide to

an increased risk of prostate cancer.

HEART RATE

Liraglutide (1.2 and 1.8 mg) is associated with increased heart
rate for patients with T2DM.'”"® This increase may be a mecha-
nism of compensation for the hypotensive effect of GLP-1 receptor
agonists. It is more likely that the increase in heart rate results from
a direct GLP-1 receptor effect on myocytes in the human heart si-
noatrial node and/or the sympathetic nervous system stimulation

related to inhibition of the autonomic nervous system.*

GASTROINTESTINAL SYMPTOMS

According to a recent study, liraglutide (0.6-1.8 mg) as an ad-
junct to insulin in patients with T1DM significantly increased gas-
trointestinal adverse reactions (nausea and vomiting)."” Earlier re-
ports found that the most commonly observed adverse reactions
associated with liraglutide (0.6-1.9 mg) were gastrointestinal
symptoms including nausea, vomiting, dyspepsia, constipation,
and diarrhea compared to other therapies or placebo in patients
with T2DM."**** A dose of 3.0 mg of liraglutide for the treatment
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of obesity in non-diabetic individuals led to higher incidence of

nausea compared to placebo.?

HYPOGLYCEMIA

Various studies have evaluated the use of liraglutide in both TIDM
and T2DM patients. The results of one such study suggested that
there were no differences in severe hypoglycemia between liraglu-
tide (0.6-1.8 mg) and placebo or any other comparator as adjunct
to insulin in patients with TIDM."” Another study of Japanese adults
with uncontrolled T2DM, who were prescribed 0.9 mg of liraglutide
or DPP-4 inhibitors, found that the treatments were not statistically
differentiable with respect to risk of hypoglycemia.”*

The use of liraglutide (0.6-1.8 mg) in T2DM combined with
metformin also did not increase the risk of hypoglycemia.**** No
excess of hypoglycemia was even observed between GLP-1 recep-
tor agonists and placebo in patients with T2DM with or without
established cardiovascular disease.”® However, it is recommended
that co-administered antidiabetic drugs such as sulfonylurea or in-

sulin be adjusted according to glucose monitoring results and hy-

Cancer

Thyroid

Cases of medullary thyroid
carcinoma have been reported  {---—__
during postapproval use

Breast

Significant increase in breast
cancer risk was identified in
patients using glucagon-like T
peptide-1 receptor agonists
for 2 to 3 years

Pancreas

Pancreatic cancer was more
commonly reported among
patients with type 2 diabetes
mellitus who took
glucagon-like peptide-1
receptor agonists

Figure 1. Graphical summary of adverse reactions associated with liraglutide.
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poglycemic risk.!

CONCLUSION

Fig. 1 shows a graphical summary of adverse reactions associated
with liraglutide. Liraglutide is associated with an increase in serum
lipase and amylase levels. The absolute risk of AP compared to pla-
cebo was numerically higher for liraglutide. Liraglutide may also
lead to an increased risk of acute gallbladder or biliary disease. Al-
though it does not seem to play an active role in the development
of cancer, liraglutide may be associated with an increased risk of
thyroid, pancreatic, and early breast cancer considering its post-ap-
proval use and the location of GLP-1 receptors.

The most commonly observed adverse reactions associated with
liraglutide were gastrointestinal symptoms, and it also may increase
the heart rate of T2DM patients. Although liraglutide does not
seem to increase the risk of hypoglycemia, it is essential to adjust
the doses of co-administered antidiabetic drugs according to glu-
cose monitoring results and the hypoglycemic risk of patients.

There have been several instances of withdrawal or discontinua-

Heart
Increase heart rate

Liver
Elevation of liver enzymes and development of cholestasis and
hepatitis have been reported during post-approval use

Gallbladder

Increase gallbladder or biliary disease

Pancreas

Increase serum lipase and amylase levels

-~ The absolute risk of acute pancreatitis is numerically higher

Not increase the risk of hypoglycemia

However, it is recommended that co-administered antidiabetic
drugs such as sulfonylurea or insulin be adjusted according to
glucose monitoring results and hypoglycemic risk

Kidney

- Dehydration due to nausea, vomiting, and diarrhea, increased
serum creatinine, and acute renal failure have been reported
during post-approval use

Gastrointestinal tract
Increase gastrointestinal symptoms
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tion of liraglutide prescription due to adverse reactions. Therefore,
it is important to exercise precaution and refrain from over-pre-
scribing the drug considering only its efficacy, and to administer li-
raglutide in accurate doses according to the patient’s health condi-
tion. Monitoring adverse reactions in patients is equally necessary

to minimize any long-term damage to patient health.
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