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The role of GLP-1 receptor agonists
in managing type 2 diabetes

ABSTRACT

Glucagon-like peptide-1 (GLP-1) receptor agonists
improve glycemic control in patients with type 2 diabetes
mellitus, have cardioprotective and renoprotective effects,
and do not cause weight gain or significant hypo-
glycemia. In fact, they have been found to be effective
for weight loss in patients with obesity with and without
diabetes. They are now the preferred drugs to add to the
regimen when oral metformin by itself is not enough to
meet the patient’s hemoglobin A1c goal.

KEY POINTS

Long-acting GLP-1 receptor agonists control glycemia
a little better than short-acting agents and better than
insulin, lowering hemoglobin A1c by about 1%.

Large, randomized clinical trials of GLP-1 receptor
agonists have had positive or at worst neutral results in
terms of preventing major adverse cardiovascular events
in patients with type 2 diabetes who either had cardio-
vascular disease at baseline or were at high risk of it.

GLP-1 receptor agonists have a protective effect on the
kidneys, reducing the risk of macroalbuminuria, but
perhaps do not help preserve the glomerular filtration

rate as much as sodium-glucose transporter-2 inhibitors.

GLP-1 receptor agonists are recommended as either
first-line or second-line therapy regardless of baseline
hemoglobin A1c in patients who have established
atherosclerotic cardiovascular disease, high risk of athero-
sclerotic cardiovascular disease, chronic kidney disease, or
heart failure.

doi:10.3949/ccjm.89a.21110

WO NEW CLASSES OF DRUGS have brought

on a major shift in how we manage type
2 diabetes mellitus: glucagon-like peptide-1
(GLP-1) receptor agonists and sodium-glucose
cotransporter-2 (SGLT-2) inhibitors. We dis-
cussed SGLT-2 inhibitors in an earlier article
in this Journal.' Here, we review the evidence
regarding the benefits and adverse effects of
GLP-1 receptor agonists, aiming to help guide
primary care clinicians in using these agents
while taking care of their patients who have
type 2 diabetes mellitus or obesity.

I HOW THE GUT TALKS TO THE PANCREAS

In healthy people without diabetes, glycemic
homeostasis is regulated by pancreatic hor-
mones such as insulin, amylin, and glucagon,
as well as by incretin hormones released from
the gastrointestinal cells, eg, GLP-1 and glu-
cose-dependent insulinotropic polypeptide.

In response to ingestion of glucose, the L
and K intestinal cells release incretin hormones
that stimulate pancreatic beta cells, leading to
insulin secretion. This mechanism is mainly
activated after oral ingestion of glucose rather
than intravenous administration, and may be
impaired in patients with impaired glucose tol-
erance or non-insulin-dependent diabetes, lead-
ing to hyperglycemia.? Incretin’s role in reduc-
ing hyperglycemia is also mediated by glucagon
suppression and delayed gastric emptying.>*

B LONG-ACTING AGENTS LOWER
HEMOGLOBIN A1c ABOUT 1%

Several GLP-1 receptor agonists are approved

by the US Food and Drug Administration
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GLP-1 RECEPTOR AGONISTS

TABLE 1

Glucagon-like peptide-1 receptor agonists approved for use in the United States

Drug Available doses Frequency and route Dose approved for weight management

Exenatide 5 g, 10 pg Twice daily subcutaneously Not approved

Liraglutide 0.6 mg, 1.2 mg, Once daily subcutaneously 0.6 mg once daily for 1 week, increase by 0.6
1.8 mg mg daily at weekly intervals to a target dose

of 3 mg once daily

Exenatide extended- 2 mg Once weekly subcutaneously Not approved

release

Dulaglutide 0.75mg, 1.5 mg, 3 mg, 4.5 mg Once weekly subcutaneously Not approved

Semaglutide 0.25mg,0.5mg, 1T mg,2mg  Once weekly Titrate every 4 weeks:

0.25mg, 0.5 mg, 1 mg,
1.7 mg, 2.4 mg once weekly

Semaglutide, oral 3mg, 7mg, 14 mg Once daily by mouth Not approved

Liraglutide- 0.36 mg-10 U Once daily subcutaneously Not approved

insulin degludec 0.5mg-16 U

Lixisenatide- 5ug-15U Once daily subcutaneously Not approved

insulin glargine 10 pg-30 U

Tirzepatide 2.5mg,5mg, 7.5 mg, 10 mg,  Once weekly subcutaneously Not approved
12.5mg, 15 mg

(FDA) for use in patients with type 2 diabetes mel-
litus, with various formulations intended for use as
short-acting monotherapy, long-acting monotherapy,
and in combination with basal insulin (Table 1).

Huthmacher et al’ performed a meta-analysis
of 14 clinical trials and calculated that overall, the
change in hemoglobin Alc with GLP-1 receptor ago-
nists was —0.7% (95% confidence interval [CI] -1.2 to
—0.2, P =.006), and that the reduction was somewhat
smaller with short-acting agents (-0.5%, 95% CI
—0.7 to =0.3, P < .0001) and greater with long-act-
ing agents (-=1.0%, 95% CI -1.2 to -0.8, P < .0001).
Notably, more patients achieved their hemoglobin
Alc targets (< 7% or < 6.5%, depending on the trial)
if they received long-acting agents.’

Abd El Aziz et al® performed a meta-analysis of 19
clinical trials comparing the addition of GLP-1 recep-
tor agonists vs insulin treatment in patients already
receiving oral glucose-lowering agents. GLP-1 recep-
tor agonists lowered hemoglobin Alc by 0.12% more
than insulin did (P < .0001), with the difference
being entirely due to the longer-acting agents. On the
other hand, insulin lowered fasting plasma glucose by
32.4 mg/dL more than GLP-1 receptor agonists did
(P <.0001).6

For these reasons, guidelines from the Ameri-
can Diabetes Association (ADA) have shifted.” For
patients with type 2 diabetes who have atheroscle-
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rotic cardiovascular disease or are at high risk for it
or who have kidney disease or heart failure, either a
GLP-1 receptor agonist or an SGLT-2 inhibitor with
demonstrated cardiovascular benefit with or with-
out metformin is recommended, independent of the
hemoglobin Alc level (level of evidence A).

I PROTECTING THE HEART AND BRAIN

GLP-1 receptor agonists interfere with several molec-
ular and cellular steps of the atherogenesis process.
GLP-1 plays key roles in reducing the production of
reactive oxygen species, reducing platelet activation,
reducing activation of macrophages and monocytes
and their consecutive accumulation in the vascular
wall, and inhibiting endothelin production, which
in turn, leads to vasodilation. GLP-receptor agonists
boost the effects of GLP-1, enhancing these desir-
able actions.’!'" Furthermore, these drugs stabilize
endothelial cells and reduce plaque hemorrhage and
rupture.”* The result of these actions is a slower pro-
gression of atherosclerosis.

Results of randomized trials

Six large randomized trials and a post hoc analysis
have investigated the safety and efficacy of GLP-1
receptor agonists in patients with type 2 diabetes who
also either had known cardiovascular disease or were
at high risk of it, using a composite of major adverse

15-21

AUGUST 2022

Downloaded from www.ccjm.org on July 20, 2025. For personal use only. All other uses require permission.


http://www.ccjm.org/

NACHAWI AND COLLEAGUES

TABLE 2

Effects of glucagon-like peptide-1 receptor agonists
on major adverse cardiovascular events in clinical trials

Trial Number of Median Cardiovascular Treatment Number needed
patients follow-up disease to treat®
at baseline®

REWIND'® 9,901 5.4 years 31.5% Dulaglutide 1.5 mg subcutaneously 323
weekly

SUSTAIN-6' 3,297 2.1 years 2.1 years 60.5% Semaglutide 0.5 or 1 mg 83
subcutaneously weekly

LEADER" 9,340 3.8 years 81.3% Liraglutide 1.6 mg subcutaneously 200
daily

ELIXA' 6,068 2.1 years 100% Lixisenatide 10 or 20 pg No benefit
subcutaneously daily

EXSCEL"™ 14,752 3.2 years 70% Exenatide extended-release 2 mg No benefit
subcutaneously weekly

PIONEER-6?' 3,183 1.3 years 85% Semaglutide 14 mg No benefit

by mouth daily

2 All patients had longstanding type 2 diabetes and also either had a history of cardiovascular disease or were at risk of it.
® Number of patients needed to be treated for 1 year to prevent 1 major adverse cardiovascular event (myocardial infarction, stroke, or death from cardiovascular
causes, plus, in the ELIXA trial, hospitalization for heart failure), calculated as the inverse of the absolute risk reduction.

ELIXA = Lixisenatide in Patients With Type 2 Diabetes and Acute Coronary Syndrome; EXSCEL = Effects of Once-Weekly Exenatide on Cardiovascular Outcomes
in Type 2 Diabetes; LEADER = Liraglutide Effect and Action in Diabetes: Evaluation of Cardiovascular Outcome Results; PIONEER-6 = Oral Semaglutide and
Cardiovascular Outcomes in Patients With Type 2 Diabetes; REWIND = Researching Cardiovascular Events With a Weekly Incretin in Diabetes; SUSTAIN-6 =

Semaglutide and Cardiovascular Outcomes in Patients With Type 2 Diabetes

cardiovascular events (myocardial infarction, stroke,
or death from cardiovascular causes) as the primary
end point (Table 2).5-1%2

The REWIND trial (Researching Cardiovas-
cular Events With a Weekly Incretin in Diabetes)?
reported statistically significant reductions in major
adverse cardiovascular events (relative risk reduction
12%, with a number needed to treat [NNT] of 323, ie,
the number of patients who would need to be treated
for 1 year to prevent 1 event) and nonfatal stroke (rel-
ative risk reduction 24%, NNT 588) in patients who
received dulaglutide 1.5 mg once a week compared
with placebo. Differences in the rates of nonfatal
myocardial infarction and death from cardiovascular
causes were not statistically significant. Notably, the
REWIND trial had the lowest proportion of ran-
domized patients who had established cardiovascular
disease at baseline (only 31%) of the 6 major trials of
GLP-1 receptor agonists.>2!

The SUSTAIN-6 trial (Semaglutide and Cardio-
vascular Outcomes in Patients With Type 2 Diabetes)'
showed a significant relative risk reduction of 26%
(NNT 83) in major adverse cardiovascular events in
those who received semaglutide 0.5 or 1 mg compared

CLEVELAND CLINIC JOURNAL OF MEDICINE

with placebo. This difference was primarily driven by
a significant relative risk reduction of 39% (NNT 196)
in nonfatal stroke in the semaglutide group.!®

The LEADER trial (Liraglutide Effect and
Action in Diabetes: Evaluation of Cardiovascular
Outcome Results)!” showed a relative risk reduction
in major adverse cardiac events of 13% (NNT 200)
and in cardiovascular death of 22% (NNT 250) in
patients with type 2 diabetes who received liraglutide
compared with placebo. Rates of nonfatal myocar-
dial infarction and nonfatal stroke were lower in the
liraglutide group than in the placebo group, but these
differences were not statistically significant.!”

The trial was criticized for differences in the use of
cardioprotective medication between the treatment
groups. More patients with established cardiovascular
disease in the liraglutide group were using beta-block-
ers, statins, angiotensin-converting enzyme inhibi-
tors, and platelet aggregation inhibitors than in the
placebo group, which might have skewed the results
in favor of liraglutide.

The ELIXA trial (Lixisenatide in Patients With
Type 2 Diabetes and Acute Coronary Syndrome)'® failed
to show the same benefit. The ELIXA trial did not have
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the between-group differences for baseline cardioprotec-
tive medications as in the LEADER trial, and the trial
population included patients with type 2 diabetes with a
history of either myocardial infarction or hospitalization
for unstable angina within the previous 180 days.

The EXSCEL trial (Effects of Once-Weekly Exen-
atide on Cardiovascular Outcomes in Type 2 Diabe-
tes)!? compared 2-mg weekly doses of exenatide with
placebo. The incidence of major adverse cardiovas-
cular outcomes was 9% lower in the exenatide group
than in the placebo group, but the difference was not
statistically significant (P = .06).!” A post hoc analysis
of the EXSCEL trial showed that use of SGLT-2 drugs
in the placebo group led to a lower incidence of all-
cause mortality, which consequently confounded the
effect of exenatide in the treatment group.?

The PIONEER 6 trial (Oral Semaglutide and
Cardiovascular Outcomes in Patients With Type 2
Diabetes)?! found that the incidence of major adverse
cardiovascular events was 21% lower with oral sema-
glutide than with placebo, but the difference was not
statistically significant (P = .17).

A meta-analysis found that SGLT-2 inhibitors
protected the kidney better than GLP-1
receptor agonists

M PROTECTING THE KIDNEYS

The mechanisms underlying the renal protective
effects of GLP-1 receptor agonists are not completely
understood. What is known is that these drugs lower
hemoglobin Alc, weight, and blood pressure, thereby
modifying traditional risk factors for progression of
chronic kidney disease and diabetic nephropathy.?*%
Moreover, GLP-1 receptors can be found in the renal
proximal convoluted tubular cells and preglomerular
vascular smooth muscle cells in the kidneys, and direct
stimulation of these receptors inhibits the sodium-hy-
drogen exchanger 3 at the brush border of the proximal
convoluted tubular cells. This leads to increased natri-
uresis and consequently reduced blood pressure.

The AWARD-7 trial** was an open-label multi-
center trial that randomized 577 patients with stage
3 and 4 chronic kidney disease and type 2 diabetes to
receive dulaglutide 0.75 mg once a week, dulaglutide
1.5 mg once a week, or daily insulin glargine, in com-
bination with insulin lispro for 1 year. The estimated
glomerular filtration rate declined more slowly in the
2 dulaglutide groups than in the insulin group, but the
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urine albumin-creatinine ratio did not differ between
the 3 groups.

Post hoc analysis of some of the large cardiovas-
cular outcome trials of GLP-1 receptor agonists con-
firmed the renal protective effects:

The LEADER trial,” in further analysis, showed a
relative risk reduction in nephropathic events of 22%
(NNT 25) in the liraglutide group compared with
placebo. This difference was mainly due to a statisti-
cally significant relative risk reduction in new-onset
persistent macroalbuminuria of 26% (NNT 32).

The REWIND trial,?® in an exploratory analysis,
similarly showed that patients receiving dulaglutide
had a relative risk reduction of 15% (NNT 167) in
the composite renal outcome and 23% in new macro-
albuminuria compared with placebo.

Zelniker et al’’ performed a meta-analysis and
found that SGLT-2 inhibitors protected the kidney
better than GLP-1 receptor agonists did. The rela-
tive risk reduction in the composite kidney outcome
(new-onset macroalbuminuria, sustained doubling of
serum creatinine or a 40% decline in estimated glo-
merular filtration rate, end-stage kidney disease, or
death of renal causes) was 18% with GLP-1 receptor
agonists compared with 38% with SGLT-2 inhib-
itors (P < .001). This benefit was mainly driven by
a reduction in macroalbuminuria. GLP-1 receptor
agonists did not demonstrate the same renal benefits
of SGLT-2 inhibitors with regard to reducing the risks
of worsening estimated glomerular filtration rate, end-
stage renal disease, and renal death.?’

M EFFECT ON WEIGHT

In studies in rats, stimulation of GLP-1 receptors in the
hypothalamus by GLP-1 receptor agonists prevented
meal initiation and induced meal termination.?®*° Evi-
dence of reduced energy intake, suppressed appetite,
and reduced food-craving was also noted in human
studies, and patients receiving GLP-1 receptor ago-
nists have had modulated taste preference, with lower
preference for fatty and energy-dense food, and less
pleasure in eating.***? These hypothalamic effects are
thought to vary among patients treated with GLP-1
receptor agonists.

Clinical trials of GLP-1 agonist for weight loss
Numerous observational and interventional studies
of the glycemic effects of GLP-1 receptor agonists in
patients with type 2 diabetes have noted that patients
receiving these drugs lose weight. Subsequently,
several studies evaluated their weight-loss effect in
patients without diabetes:
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The SCALE (Satiety and Clinical Adiposity—
Liraglutide Evidence in Nondiabetic and Diabetic
Individuals) Obesity and Prediabetes trial** con-
firmed the efficacy of high-dose liraglutide (3 mg) in
combination with lifestyle modifications for weight
reduction over 56 weeks.

Frias et al’* found that patients lost more weight
with higher doses of dulaglutide, ie, 3 mg and 4.5 mg,
than with 1.5 mg.

The STEP 1 trial (Semaglutide Treatment Effect
in People With Obesity)* showed that semaglutide
in a high weekly dose (2.4 mg) in addition to lifestyle
intervention yielded a statistically significant weight
reduction of 14.9% from baseline, compared with
2.4% with placebo.

O’Neil et al’*® compared the effects of semaglutide
in various doses, liraglutide 3 mg daily, and placebo
on weight loss in a head-to-head trial. Patients lost
more weight with the active agents than with placebo
and lost significantly more weight with semaglutide
0.2 mg or more than with liraglutide 3 mg.

Semaglutide is approved for weight loss

in patients without diabetes

High-dose semaglutide is the most effective of the
available weight-loss drugs thus far. Of all these drugs,
only semaglutide 2.4 mg has been shown to cause a
mean weight reduction of at least 10% compared with
placebo. Moreover, the weight-reduction plateau
noted with other antiobesity medications between 30
and 40 weeks was not seen in the STEP 1 trial >**

In light of the results of the STEP 1 trial, a weekly
subcutaneous dose of semaglutide of 2.4 mg, which is
higher than the 1 mg weekly currently approved for
diabetes, was recently approved by the FDA for chronic
obesity management in patients without diabetes.

I ADVERSE EFFECTS OF GLP-1 RECEPTOR AGONISTS

Gastrointestinal effects

Nausea, vomiting, and diarrhea are the most com-
monly reported adverse effects of GLP-1 receptor
agonists. These effects are dose-dependent, often spon-
taneously resolve with continued treatment, and are
more frequent with the short-acting agents than with
the long-acting ones. Slow titration of these agents is
helpful in increasing their gastrointestinal tolerability.*

Pancreatitis

Acute pancreatitis has been linked to the use of exen-
atide in postmarketing reports submitted to the FDA
Adverse Event Reporting System and in observational
studies.*! But large randomized controlled trials did not

confirm this linkage. The LEADER and SUSTAIN-6
trials showed significantly higher levels of amylase and
lipase in patients receiving liraglutide and semaglutide
compared with placebo, but without a concomitant
higher incidence of acute pancreatitis. Similarly,
other cardiovascular outcome trials did not show any
difference in the rates of acute pancreatitis between
patients receiving GLP-1 receptor agonists vs placebo.
Furthermore, 2 large meta-analyses revealed that the
incidence of acute pancreatitis and pancreatic cancer
with GLP-1 receptor agonists was not statistically dif-
ferent from that observed in the comparator groups.**#

The current guidelines of the American Asso-
ciation of Clinical Endocrinologists* recommend
using GLP-1 receptor agonists with caution if they
are needed in patients with type 2 diabetes who have
a history of pancreatitis. GLP-1 receptor agonists
should be discontinued if patients develop acute pan-
creatitis while using them.

Retinopathy

Retinopathy has been reported to occur at higher
rates in patients treated with semaglutide, liraglutide,
dulaglutide, and albiglutide, but this difference was
statistically significant only for patients who received
semaglutide.'>!"!® Most of these patients had retinopa-
thy at baseline, and worsening of retinopathy was sim-
ilarly reported when insulin was started. This suggests
that retinopathy could be attributable to rapid glucose
lowering rather than to a drug class effect.'®

Hypoglycemia

Hypoglycemia has occurred at similar rates in patients
receiving GLP-1 receptor agonists compared with
placebo in the major cardiovascular outcome trials.®

Medullary thyroid cancer, pancreatic cancer
Medullary thyroid cancer and pancreatic cancer have
occurred in higher rates in studies of rats receiving
GLP-1 receptor agonists, but not in human trials.*47
Nevertheless, the FDA requires GLP-1 receptor ago-
nists to carry a black-box warning regarding the risk
of thyroid C-cell tumors, and it recommends against
using them in patients with a personal or family
history of medullary thyroid cell cancer or multiple
endocrine neoplasia syndrome type 2a or 2b.#

Il FUTURE DIRECTIONS

Reversing fatty liver disease
GLP-1 receptor agonists could, in theory, play a role
in slowing and reversing the progression of nonalco-

holic fatty liver disease (NAFLD).#
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In the Lira-NAFLD trial,® patients who received
liraglutide 1.2 mg daily for 6 months experienced a
reduction in liver fat content of 31% (P < .0001).
Multivariate analysis showed that the reduction in
liver fat was associated with baseline liver fat content,
age, and reductions in body weight, triglycerides, and
hemoglobin Alc. Patients who lost no weight had no
reduction in liver fat content.

Newsome et al’! performed a phase 2 clinical trial
that revealed significant resolution of nonalcoholic ste-
atohepatitis (NASH) in 59% of patients treated with
semaglutide 0.4 mg for 72 weeks compared with only
17% in patients who received placebo (P < .001). The
trial found no difference in fibrosis between patients
treated with semaglutide compared with placebo.

The current recommended management of NASH
and NAFLD remains limited to lifestyle modifica-
tion, vitamin E supplementation, and pioglitazone
in selected patients.”> GLP-1 receptor agonists are
expected to be recommended in the future for treat-
ing NAFLD and NASH, if more trials confirm their

benefits in treating this condition.

Use in polycystic ovary syndrome

Studies in patients with polycystic ovary syndrome
showed a significant drop in testosterone levels and
body mass index in those receiving liraglutide or
exenatide compared with placebo or metformin.”*’*
Neither of the GLP-1 receptor agonists had effects
on menstrual frequency or the levels of sex hor-
mone-binding globulin, fasting glucose, or fasting
insulin. Further studies are still needed to evaluate the
benefits of GLP-1 receptor agonists in patients with
polycystic ovary syndrome.

Use in type 1 diabetes

The ADJUNCT ONE trial (Efficacy and Safety of Lira-
glutide as Adjunct Therapy to Insulin in the Treatment
of Type 1 Diabetes),” the ADJUNCT TWO trial,*® and
a large meta-analysis’’ found reductions in hemoglobin
Alc, body weight, and total daily dose of insulin, but
also highlighted an increase in hyperglycemia with
ketosis in patients with type 1 diabetes mellitus receiv-
ing liraglutide or exenatide in combination with insulin.
This might have been due to insulin dose reductions
when liraglutide was initiated. No significant changes in
C-peptide were reported in these studies.”>>’

Currently, GLP-1 receptor agonists are neither rec-
ommended nor FDA-approved for use in type 1 diabe-
tes.”* However, in our opinion, adding them off-label
to insulin in patients with type 1 diabetes can help the
patients lose weight and stabilize their blood sugar levels.
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Use in combination with glucose-dependent
insulinotropic polypeptide

Evidence is emerging on the benefit of adding
glucose-dependent  insulinotropic  polypeptide
(GIP) to boost and complement the efficacy of
GLP-1 receptor agonists in multiple ways. GIP
has a glucose-dependent effect, stimulating insulin
secretion when blood glucose levels are high and
increasing glucagon secretion when they are low,
hence improving glycemic control without increas-
ing hypoglycemia.

Tirzepatide is an injectable combination GIP and
GLP-1 receptor agonist that is currently being inves-
tigated as a treatment for type 2 diabetes mellitus.
Studies have shown greater reductions in hemoglo-
bin Alc and weight in patients receiving tirzepatide
compared with placebo or weekly subcutaneous
semaglutide 1 mg.”® The FDA approved tirzepatide
for use in treating type 2 diabetes mellitus on May
13,2022

I REVIEW OF THE GUIDELINES

According to the ADA 2022, for patients with type
2 diabetes who also have established or a high risk
of atherosclerotic cardiovascular disease, established
kidney disease, or heart failure, an SGLT-2 inhibitor
or GLP-1 receptor agonist with demonstrated cardio-
vascular benefit with or without metformin is recom-
mended. For patients with heart failure or chronic
kidney disease, initiating an SGLT-2 inhibitor first
is preferred. Of note, this recommendation is inde-
pendent of baseline hemoglobin Alc level or indi-
vidualized Alc target and needs to take into account
efficacy, hypoglycemia risk, impact on weight, high
cost, risk of side effects, and patient preferences.

The ADA guidelines also suggest prioritizing
adding a GLP-1 receptor agonist over initiating basal
insulin in patients who need potent injectable therapy
for glucose control. However, basal insulin remains
the first injectable treatment option in patients with
evidence of ongoing catabolism or symptomatic
hyperglycemia when hemoglobin Alc is higher than
10%, blood glucose levels are 300 mg/dL or higher, or
type 1 diabetes is suspected.

Similarly, the 2020 guidelines of the American
Association of Clinical Endocrinologists* recommend
long-acting GLP-1 receptor agonists or SGLT-2 inhib-
itors in patients with type 2 diabetes and established
or high risk of atherosclerotic cardiovascular disease
with or without chronic kidney disease, regardless of
glycemic control.
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B THE BOTTOM LINE

GLP-1 receptor agonists are recommended as either
first-line or second-line therapy regardless of baseline
hemoglobin Alc in patients who have established
atherosclerotic cardiovascular disease, high risk of
atherosclerotic cardiovascular disease, chronic kidney
disease, or heart failure. Some agents are also approved
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CORRECTION

The role of GLP-1 receptor agonists

in managing type 2 diabetes

In the August 2022 issue, an error appeared in Nachawi N, Rao PP, Makin V. The role of GLP-1 receptor agonists
in managing type 2 diabetes. Cleve Clin ] Med 2022; 89(8):457-464. doi:10.3949/ccim.89a.21110. In Table 1, the

frequency of administration of tirzepatide is once weekly, not once daily. Additional available tirzepatide doses

have also been added. The corrected Table 1 appears below:

TABLE 1

Glucagon-like peptide-1 receptor agonists approved for use in the United States

Drug Available doses Frequency and route Dose approved for weight management
Exenatide 5 g, 10 g Twice daily subcutaneously Not approved
Liraglutide 0.6 mg, 1.2 mg, Once daily subcutaneously 0.6 mg once daily for 1 week, increase by 0.6
1.8 mg mg daily at weekly intervals to a target dose
of 3 mg once daily
Exenatide extended- 2 mg Once weekly subcutaneously Not approved
release
Dulaglutide 0.75mg, 1.5 mg, 3 mg, 4.5 mg Once weekly subcutaneously Not approved
Semaglutide 0.25mg, 0.5mg, 1 mg,2mg  Once weekly Titrate every 4 weeks:
0.25 mg, 0.5 mg, 1 mg,
1.7 mg, 2.4 mg once weekly
Semaglutide, oral 3 mg, 7 mg, 14 mg Once daily by mouth Not approved
Liraglutide- 0.36 mg-10 U Once daily subcutaneously Not approved
insulin degludec 0.5mg-16 U
Lixisenatide- 5ug-15U Once daily subcutaneously Not approved
insulin glargine 10 pg-30 U
Tirzepatide 2.5mg,5mg, 7.5mg, 10 mg,  Once weekly subcutaneously Not approved
12.5mg, 15 mg

This is now correct on ccjm.org.
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