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Introduction

Type 1 diabetes (T1D) is characterized by a
progressive decline of insulin production due to a
marked destruction of pancreatic B cells. Intensive
insulin therapy is the pillar of T1D management. More
recently, continuous glucose monitoring devices,
closed-loop systems (CLS) and smarter connected
insulin pen systems have all significantly helped
individuals to improve glycemic control. However,
despite these advances, more than three-quarters of the
adult T1D population does not achieve recommended
glycemic targets.' In addition, aggressive insulin
intensification potentiates weight gain and the risk
of recurrent hypoglycemic events. Recent significant
increase in rates of obesity has also led to a sharp
increase in T1D patients who concurrently have
adiposity-based chronic disease, increasing their insulin
resistance and predisposition for cardiovascular events.?
While insulin will remain the basis of T1D management,
there is an unmet need for individualized adjunctive
therapeutic approaches focusing on the prevention
of diabetic complications in addition to glycemic
control. One such adjunctive therapy currently being
explored in T1D are the glucagon-like peptide-1
receptor agonists (GLP-1RAs), a popular and robust

approach in Type 2 diabetes (T2D) to mimic the natural
endogenous GLP-1 incretin. This brief review will focus
on the rationale and existing evidence for the use of
GLP-1RAs in the management of T1D.

Background and Rationale

GLP-1RAs are well recognized for exerting
multifaceted effects through activation of the
widely dispersed GLP-1 receptor.® Data has shown
predominant expression in the pancreatic islet cells,
hypothalamus area of the central nervous system, and
gastrointestinal (Gl) tract.* This class of medication,
commercially available since 2005, has been rigorously
studied in the T2D population. In most cardiovascular
outcome trials for T2D, GLP-1RAs have demonstrated
profound reductions in major adverse cardiovascular
events in atherosclerotic disease, all of which were
independent of glycemic improvement.* In sub-group
analyses, renal protective effects were also likely
linked to reductions in albuminuria,® and certain
GLP-1 mimetics have demonstrated improvements in
non-alcoholic steatohepatitis, with reductions in liver
enzymes and hepatic lipid accumulation.® Additionally,
GLP-1RAs are routinely used in the pharmacotherapy
of obesity due to their positive effects on the satiety
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and food perception centres of the hypothalamus,
and the slowing of gastric emptying.’

With the wealth of evidence of GLP-1RA in T2D and
obesity management, the logical approach would be the
use of these agents in T1D patient subgroups. Indeed,
off-label use as adjunctive therapy to insulin is becoming
increasingly common in practice. However, what are the
potential beneficial mechanisms in a T1D population,
and are there any evidence-based studies to support
their use.

Potential Beneficial Properties for T1D

The complete benefits of GLP-1RAs in T1D are
not fully elucidated; as a result, controversy exists over
their off-label use. However, four main properties of
GLP-1RAs have been proposed as having potential
beneficial action in T1D (Figure 1).

1. Weight Loss Properties

Contrary to established perceptions, obesity is
equally prevalent in the T1D population as it is in the
general population.® Weight loss in T1D subgroups
improves insulin resistance and can lower the total
daily requirements of insulin. Two studies using liraglu-
tide have been conducted in patients with T1D and
overweight/obesity. One six-month trial demonstrated
significant weight loss with thermogenesis and increased
lipid oxidation as the main weight loss mechanisms.’
Another study in a T1D cohort showed significant
placebo-adjusted benefits with liraglutide on prolonged
satiety, as well as decreased food consumption and
food desire following standardized meal tests.” Insulin
requirements are decreased with weight loss and, by
association, cardiometabolic disease progression is
potentially mitigated.

GLP-1 RA

Administration

2. Suppression of Glucagon-mediated
Gluconeogenesis

GLP-1RAs may offer glycemic improvement via
their anti-glucagon property. The glucagonostatic effect
exerted is important for potential efficacy in T1D given
that the insulinotropic effect is less pertinent to individ-
uals with inadequate B-cell function.® Two studies have
demonstrated continued endogenous GLP-1 secretion
following the ingestion of mixed meals in individuals
with T1D, irrespective of residual B-cell function.' '
One probable pathway includes paracrine inhibition of
a-cells, whereby GLP-1 receptor activation of d-cells
of the pancreas stimulates somatostatin release, which
inhibits glucagon-stimulated increase in gluconeogen-
esis.” In doing so, improved glycemic control in target
range with less hyperglycemia range, blood glucoses
can potentially be achieved.

3. Inhibition of Gastric Emptying

Gastric emptying is a complex phenomenon in the
T1D population, complicated by neuropathy, entero-
hormonal changes, modified neurotransmitters, and
glycemia levels.? In some cases, gastric motility may
be increased causing diarrhea, while in most cases
motility is slowed causing gastroparesis. Authors of the
EDIC trial observed altered gastric emptying in 47%
of participants, most of which was asymptomatic.™
This suggests that nearly half of the T1D population
is affected by underlying Gl autonomic neuropathy.
These alterations affect post-prandial glycemia levels
significantly. In T1D adolescents and young adults, one
study (n=8) demonstrated delayed gastric emptying
five hours postprandially with short-acting exenatide
that was associated with reduced glucose excursions.™
A longer trial in overweight people without diabetes
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Figure 1. Potential beneficial mechanisms of GLP-1RAs in T1D; courtesy of Dr. Michael A. Tsoukas.
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reported a marked reduction in gastric emptying
and postprandial glycemia after eight weeks with
once-weekly exenatide 2.0 mg."

It is also known that acute changes in blood
glucose concentration, both hyperglycemia and
hypoglycemia, have a marked, reversible effect on
gut motility.” Overall, the benefits of GLP-1RAs reflect
improved post-prandial glycemic levels with less risk
of glucose excursions. Finally, GI mechanoreceptors in
gastroparesis relay a message of satiety to the brain,
thereby also decreasing food intake which may, in
turn, indirectly improve glycemic control.

4. Anti-inflammatory Properties

Systemic inflammation is well known to increase
insulin resistance.” Liraglutide treatment is reported
to decrease levels of pro-inflammatory TNF-a and
IL-6 as well as macrophage activation while increas-
ing levels of the anti-inflammatory adiponectin.?
Furthermore, high-sensitivity CRP and serum markers
of endothelial function such as P-selectin, ICAM
and VCAM have also been shown to improve with
GLP-1 RA administration.?! GLP-1RAs thus help with
reducing inflammation which may have beneficial
effects on glycemic control and atherosclerotic
disease prevention.

T1D Clinical Studies Using GLP-1RAs

The majority of clinical studies examining GLP-1RAs
in T1D have focused on examining the safety and
efficacy of short-acting agents such as twice-daily
exenatide and daily liraglutide, each as adjunct-to-
insulin therapy for T1D in both multiple daily injection
(MDI) and continuous subcutaneous insulin infusion
(CSIl) cohorts.?

Published evidence consistently demonstrates
weight loss, decreases in total daily insulin require-
ments, and modest improvements in glycemic control
with the use of GLP-1RAs. Of note, data on the more
recent commercially available GLP-1RAs, such as
semaglutide and dulaglutide, and dual co-agonists
such as tirzepatide, have not yet been published;
however, studies are in progress.

a) Exenatide

The use of short-acting exenatide in two clinical
trials did not yield any significant HbA1c-lowering
benefit nor improved time in range (3.9-10.0 mmol/L)
vs placebo.???* In the MAGIC trial, the authors noted
an insignificant change in HbA1c from baseline,
suggesting no clear HbA1c-lowering benefit with
exenatide.?® Furthermore, C-peptide levels did not
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differ among groups. However, a significant reduction
in body weight and total daily insulin needs with no
increased risk of hypoglycemia was reported.?

b) Liraglutide
i. MDI-only cohorts

The most robust MDI-only trial intervention was
the Lira-1 trial which investigated daily liraglutide
1.8 mg in an overweight, sub-optimally controlled
T1D population.?* The primary outcome revealed
a significant decrease of 0.4% HbA1c early in the
study, while, by the end-of-trial period, no statistical
significance was demonstrated. Interestingly, there
was a marked reduction in body weight and total
daily insulin requirements in the liraglutide-treated
group, but no changes in glycemic variability or blood
pressure. Furthermore, there were fewer reported
hypoglycemic events vs placebo.

ii. Mixed MDI and CSlI cohorts

Several clinical studies have examined liraglutide in
a mixed MDI and CSlIl population. In a two-way trial using
liraglutide in T1D adults with overweight and obesity,
the authors reported a non-significant treatment effect
of 0.29% HbAc reduction from baseline.” Of note, the
intervention group experienced a significant within-
group HbA1c reduction of 0.41%, suggesting an overall
underpowered intervention. Other findings included
reductions in body weight which uniquely were further
characterized by dual-energy X-ray absorptiometry and
magnetic resonance imaging of total body fat mass
and distribution. At present, the ADJUNCT program
comprises the two largest double-blind, randomized,
placebo-controlled trials to have investigated once-daily
liraglutide as adjunct-to-insulin therapy for T1D.?>2¢
Three different doses of daily liraglutide were analyzed
in the ADJUNCT ONE study in 1,389 T1D adults over
one year.?® There was a dose-dependent decrease in
HbA1c with all three doses, as well as a significant
reduction in total body weight. The subsequent
ADJUNCT TWO study examined liraglutide treatment
tested on top of individualized capped insulin dosing
in 831 participants. Compared to ADJUNCT ONE, the
findings showed a similar body weight reduction but
a more meaningful dose-dependent HbA1c-lowering
effect with a decrease of 0.35% for the 1.8 mg dose.?

iii. CSll and Closed-Loop system studies

Only limited preliminary studies have explored the
possibility of combining GLP-1 RA with Closed-Loop
System (CLS) technology as an adjunctive hormonal
therapy. Using a randomized, double-blind parallel
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Author (year) and K‘ZUIEn. . Comparator/ Primary Additional Outcomes
. ministration : :
n sample size Modality Intervention Endpoints and Comments
Johansen et al.?® (2020) | MDI only Exenatide 10 yg | HbA1c-0.1% No run-in period
n=105 cohort tid vs placebo (P=0.36) Double-blinded study
Dejgaard et al.?* (2016) = MDI only Liraglutide HbA1c -0.2% Reduced bolus insulin
n=100 cohort 1.8 mg daily vs (P=0.18) intake 5.8 units/day
placebo (P=0.023)
Double-blinded
Mathieu et al.® (2016) 2.5% MDI Liraglutide 0.6 HbA1c -0.2% Increased hypogylcemic
n=1389 27.5% CSlI mgvs 1.2 mgvs | (P=0.0019) events
1.8 mg daily vs Significant body weight
placebo loss (-2.2 kg to -4.9 kg)
Decrease in total daily
insulin requirements:
9 units/day (P<0.01)
Ahren et al.% (2016) 74.5% MDI Liraglutide 0.6 HbA1c -0.35% Significant body weight
n=831 25.5% CSl| mg vs 1.2 mg (P<0.0001) loss (-2.3 kg to -4.9 kg)
vs 1.8 mg daily
with use of
capped insulin
vs placebo
Ghanim et al.? (2020) 31% MDI Liraglutide 1.8 HbA1c -0.29% Decrease in bolus
n=64 69% CSlI mg daily vs (P=0.1) insulin requirements:
placebo 4.0 units/day (P=0.021)
Significant body weight
loss 4.2 kg (P=0.002)
Dejgaard et al.?’ (2020) | CSll only Liraglutide 1.8 HbA1c -0.7% Decrease in total insulin
n=44 cohort mg daily vs (P<0.001) requirements:
placebo 7.7 units/day (P=0.008)

No run-in period

Table 1. Summary of selected trials examining GLP-1RAs in T1D. MDI: multiple daily injection insulin; CSII:
continuous subcutaneous insulin infusion; HbA1c: glycated hemoglobin; courtesy of Dr. Michael A. Tsoukas.

design, the Lira Pump trial is the only trial to date that
has examined liraglutide administration in a population
of CSllI-treated, overweight T1D adults.?’ Change
from baseline in HbA1c after 26 weeks was the most
profound statistically-significant, placebo-corrected
reduction (-0.6% as early as 13 weeks, and -0.7% by
end of study). Furthermore, significant improvements
were noted for body weight loss, glucose time in target
ranges and total daily insulin requirements. The study
was limited by a smaller sample size of (n=44); however
a robust study design including adjustments for insulin

sensitivity factors, carbohydrate ratios and basal rate
modification was performed at the onset of treatment.

Table 1 shows a brief summary of findings from
selected major interventional clinical trials.

Conclusion

While off-label use of GLP-1RAs as adjunctive
therapy to insulin in T1D is becoming more common
in practice, evidence of HbA1c reduction supporting
its use is limited. Nonetheless, the current clinical
evidence base does consistently demonstrate:
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a) an indisputable weight loss effect, improving
underlying adiposopathy of T1D, especially in view
of the growing population with overweight/obesity;
b) decreases in insulin requirements/total daily
dosing for most study populations; and ¢) glycemic
benefits in HbA1c lowering of approximately 0.5%
reduction, although the improvement observed
with placebo often diluted the treatment effect.? The
proposed beneficial mechanistic effects of GLP-1RAs
on gluconeogenesis suppression, delayed gastric
emptying and anti-inflammation, also favour their use.
Furthermore, clinical trials have examined the safety
and efficacy of short-acting agents such as twice-daily
exenatide and daily liraglutide as adjunct-to-insulin
therapy for T1D in both MDI and CSlI cohorts. However,
no published data currently exists for more novel
GLP-1RAs and dual co-agonists available commercially
and used regularly in practice for T2DM patients.

As global diabetes treatment strategies increas-
ingly prioritize cardiometabolic disease prevention and
weight loss, the high value of these molecules would
be of potential benefit in T1D patients with overweight/
obesity and those with high-risk/pre-existing cardio-
vascular and renal disease. However, dedicated cardio-
vascular outcomes studies in T1D would bridge the
knowledge gap and potentially reveal therapeutic
potential. Other T1D subgroups, such as patients with
advanced insulin delivery devices experiencing labile
blood sugars and high rates of hypoglycemia may
benefit from these molecules as well. Despite off-label
use in practice, further work is needed to redirect
GLP-1RAs as an indicated adjunctive therapy for an
individualized treatment approach for T1D.
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