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Peptide-1 Mimetics

Riccardo Perfetti, M.D., Ph.D.

Abstract

Basal insulin analogs are recognized as an effective method of achieving and maintaining glycemic control for
patients with type 2 diabetes. However, the progressive nature of the disease means that some individuals may
require additional ways to maintain their glycemic goals. Intensification in these circumstances has traditionally
been achieved by the addition of short-acting insulin to cover postprandial glucose excursions that are not
targeted by basal insulin. However, intensive insulin regimens are associated with a higher risk of hypoglycemia
and weight gain, which can contribute to a greater burden on patients. The combination of basal insulin with a
glucagon-like peptide-1 (GLP-1) mimetic is a potentially attractive solution to this problem for some patients
with type 2 diabetes. GLP-1 mimetics target postprandial glucose and should complement the activity of basal
insulins; they are also associated with a relatively low risk of associated hypoglycemia and moderate, but
significant, weight loss. Although the combination has not been approved by regulatory authorities, preliminary
evidence from mostly small-scale studies suggests that basal insulins in combination with GLP-1 mimetics do
provide improvements in A1c and postprandial glucose with concomitant weight loss and no marked increase in
the risk of hypoglycemia. These results are promising, but further studies are required, including comparisons
with basal–bolus therapy, before the complex value of this association can be fully appreciated.

Introduction

The last decade has seen a dramatic increase in the
number of therapeutic options available for the treatment

of type 2 diabetes. Although this upsurge in innovation is to
be welcomed, it has created its own challenges that include
how best to incorporate new agents into clinical practice in
order to maximize the benefits to patients. Treatment algo-
rithms have been devised in order to provide guidance to
healthcare professionals and are updated on a regular basis to
reflect advances in care. The current recommendations for
type 2 diabetes developed by the American Diabetes Asso-
ciation and the European Association for the Study of Dia-
betes suggest that initial intervention should focus on lifestyle
changes and the use of metformin but that basal insulin or a
sulfonylurea should be added if A1c levels remain�7% for 2–
3 months; moreover, basal insulin is recommended for pa-
tients with A1c levels >8.5% or who have symptoms associ-
ated with hyperglycemia.1 This approach is effective, and
numerous studies have shown that basal insulin, in combi-
nation with metformin, improves A1c to �7% in many pa-
tients.2–12 Thiazolidinediones or glucagon-like peptide-1
(GLP-1) mimetics are also alternative options for those who
have failed metformin monotherapy, although when the most

recent guidleines were written these options were considered
as ‘‘less well validated’’ than the core therapies of metformin
plus basal insulin or a sulfonylurea.1

However, with disease progression, individuals may re-
quire additional means by which to maintain their blood
glucose at target levels. Treatment intensification is often
achieved by the addition of a short-acting insulin to cover
postprandial glucose excursions.13,14 The American Diabetes
Association/European Association for the Study of Diabetes
consensus statement proposes the add-on of short-acting in-
sulin at mealtimes to correct postprandial hyperglycemia,1

and studies have demonstrated the efficacy of this ap-
proach.9,15 This strategy recommends that in patients on basal
insulin who are no longer achieving target A1c, one injection
of short-acting insulin should be added to a single meal ac-
cording to blood glucose levels, followed by the addition of
further prandial injections if the A1c levels continue to be out
of range.1 It should be noted, however, that the more inten-
sively diabetes is treated, the greater the risk of hypoglycemia
and weight gain. The very aggressive glycemic targets in the
intensive arm of the Action to Control Cardiovascular Risk in
Diabetes (ACCORD) trial were associated with a threefold
increase in hypoglycemia episodes compared with a standard
regimen (annual incidence of hypoglycemia, 3.1% vs. 1.0%)16
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and a twofold increase in the number of patients gaining more
than 10 kg in weight (overall incidence, 27.8% vs. 14.1%).17

Therefore, one of the key challenges to implementing inten-
sive therapy is to use strategies to mitigate against the risk of
hypoglycemia and weight gain.

The identification of the role of endogenous GLP-1 in
postprandial glucose metabolism and the introduction of
GLP-1 mimetics into clinical practice have opened another
avenue that warrants attention—the combination of basal
insulin plus GLP-1 mimetics. Endogenous GLP-1 is secreted
in anticipation of a meal and in response to ingested glucose in
order to potentiate endogenous glucose-stimulated insulin
secretion. Accordingly, GLP-1 mimetics, which target post-
prandial glucose, should complement the activity of basal
insulins, which are typically titrated based on fasting glucose
levels. The GLP-1 mimetics that are either approved or in
development have varying abilities to replicate the strong
prandial effect of endogenous GLP-1. Therefore, the aims of
this review are to discuss the potential for combining basal
insulin with a GLP-1 mimetic, including a review of the evi-
dence presented to date, and to highlight outstanding ques-
tions regarding the clinical use of such a combination.

Basal Insulin and GLP-1 Mimetics:
Complementary Therapies for Type 2 Diabetes

Basal insulins provide sustained insulin levels for the entire
day, providing good control of fasting and interprandial
glucose levels; however, compared with short-acting insulins,
basal insulins provide limited control of postprandial glucose
excursions. Therefore, for individuals that require treatment
intensification, current strategies focus on adding a prandial
insulin to the existing basal insulin regimen. Adding GLP-1
mimetic-based therapies may offer an alternative approach to
adding prandial insulin. GLP-1 is an incretin that is secreted
endogenously and targets receptors on pancreatic b-cells to
increase insulin secretion rapidly before blood glucose levels
reach high levels after a meal.18,19 In terms of diabetes man-
agement, native GLP-1 has been considered for the treatment
of type 2 diabetes;20 however, its half-life after subcutaneous
injection is only 1.5–3 min in humans.21 Several long-acting
GLP-1 mimetics have been developed to overcome this limi-
tation, including exenatide and liraglutide as well as others
currently under development.

Exenatide (exendin-4; Byetta�, Amylin Pharmaceuticals
[San Diego, CA]/Eli Lilly and Co. [Indianapolis, IN]) is a 39-
amino acid peptide, based on the exendin-4 protein found in
the saliva of the Gila monster lizard, which can activate the
GLP-1 receptor.22 Exenatide was approved in the United
States in 2005 for the treatment of diabetes. Exenatide has a
mean terminal half-life of 2.4 h and is suitable for twice-daily
administration, preferably 30–60 min before the first and last
meal of the day.23 An extended-release formulation of ex-
enatide suitable for once-weekly administration is also un-
dergoing clinical development.24 Liraglutide (Victoza�, Novo
Nordisk, Bagsvaerd, Denmark) is an acetylated analog of
GLP-1, with approximately 97% amino acid sequence ho-
mology to endogenous GLP-1(7–37). It was approved by the
Food and Drug Administration in 2010. Liraglutide has a half-
life of approximately 11–15 h in healthy individuals25,26 and is
suitable for once-daily administration at any time, indepen-
dent of meals. Other GLP-1 mimetics currently in clinical

development include lixisenatide (sanofi-aventis, paris,
France), taspoglutide (Roche, Basel, Switzerland), albiglutide
(GlaxoSmithKline, London, UK), LY2189265 (Eli Lilly), and
CJC-1134-PC (ConjuChem, Montreal, QC, Canada).27,28

Many studies and reviews have discussed the clinical ad-
vantages of GLP-1 mimetics, which will not be repeated in
depth here. Nevertheless, it should be emphasized that GLP-1
mimetics provide significant improvements in glycemic con-
trol, with a relatively low risk of associated hypoglycemia. It
has also been demonstrated that GLP-1 mimetics are associ-
ated with moderate, but significant, weight loss. As would be
expected from their mechanism of action, GLP-1 mimetics
elicit significant improvements in postprandial glucose levels,
thus complementing the improvements in fasting blood glu-
cose levels elicited by basal insulins and providing the ratio-
nale for a combination of the two treatment types.29 There is
some evidence to suggest that exenatide shows better tar-
geting of postprandial glucose excursions than liraglutide. In
a 26-week, head-to-head trial of exenatide and liraglutide, the
latter was more effective in reducing fasting blood glucose
levels, whereas exenatide was more effective against post-
prandial glucose excursions than liraglutide.30

Clinical Evidence

Based on their complementary mechanisms of action, there
are increasing reports of the use of basal insulins in combi-
nation with GLP-1 mimetics; however, it should be noted that
such a practice is not supported by the labeling of any of the
current, commercially available GLP-1 mimetics. Kolterman
et al.,31 in a 5-day, placebo-controlled crossover study, first
showed that the addition of exenatide to once-daily long-
acting insulin (with or without oral agents) improved post-
prandial glucose control in six patients with type 2 diabetes.
Table 1 summarizes the clinical data from five subsequent
retrospective and prospective studies that have evaluated the
efficacy of GLP-1 mimetics in combination with insulin. In a
proof-of-concept study by Arnolds et al.,32 patients with di-
abetes were randomized to one of three groups (insulin
glargine plus exenatide, insulin glargine plus sitagliptin, or
insulin glargine alone); all patients also received metformin.
During the 4-week treatment period, 6-h, postprandial blood
glucose excursions were significantly lower with insulin
glargine plus exenatide versus insulin glargine alone (Fig. 1).
Hemoglobin A1c improved significantly in all three groups,
although the study was too short to provide meaningful in-
formation in this regard. Weight was unchanged with insulin
glargine alone but decreased significantly, albeit slightly, with
insulin glargine plus exenatide (�0.9� 1.7 kg; P¼ 0.037). The
incidence of hypoglycemia (blood glucose <50 mg/dL) was
low in the glargine plus exenatide group, with only two to
three events per patient-year. However, the total number of
adverse events was higher in the glargine plus exenatide
group, compared with both glargine plus sitagliptin and
glargine alone groups (62.5% vs. 43.8% and 25.0%, respec-
tively). The majority of events were gastrointestinal disorders,
which accounted for 56.3% in the glargine plus exenatide
group. By comparison, 19% of patients in the glargine plus
sitagliptin group and 16% of patients receiving glargine alone
reported gastrointestinal adverse events.

The outcomes of a larger-scale and longer term prospective,
randomized study of exenatide in combination with insulin
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glargine were recently reported by Buse et al.33 In this study,
patients with type 2 diabetes receiving insulin glargine with
metformin and/or pioglitazone and an A1c level of 7.1–10.5%
were randomized to receive exenatide (n¼ 137) or placebo
(n¼ 122) in addition to their existing treatment. Over 30
weeks of treatment, A1c levels were lower in both treatment
groups but significantly lower with exenatide versus placebo
(P< 0.001). Weight decreased by 1.8 kg with insulin glargine
plus exenatide and increased by 1.0 kg with insulin glargine
plus placebo. The number of hypoglycemic events per
patient-year was comparable between the groups (P¼ 0.49),
but the incidence of gastrointestinal adverse events, such as
nausea, vomiting, and diarrhea, was substantially higher in
patients receiving exenatide, in line with previous controlled
trials of GLP-1 mimetics. Significantly more patients in the
glargine plus exenatide group discontinued the study owing
to adverse events (9% vs. 1% for placebo, P< 0.01). The total
insulin dose increased in both treatment arms. but the increase
was significantly lower for patients receiving exenatide. It is
interesting to note that this study was performed in a popu-
lation with an extended duration of disease (mean duration of
diabetes, 12 years) and receiving high doses of insulin at
baseline (mean insulin dose, 48 U/day).33 Because patients in
the early stages of diabetes do not usually receive high doses
of insulin, one can assume that these individuals are at a more
advanced stage of diabetes, suggesting that the combination
of basal insulin and a GLP-1 mimetic may be effective across
the spectrum of disease severity, even at a later stage of dis-
ease evolution.

The remaining studies published in full to date were either
prospective observational studies34 or retrospective analyses

of patient records.35–37 These studies consistently showed
improvements in A1c and body weight by combining ex-
enatide with insulin, with or without oral antidiabetes drugs,
and with duration of therapy of up to 2 years. However, it
must be noted that the studies were generally small (n¼ 52–
188) and did not contain a control group, with exception of the
study by Viswanathan et al.,36 which included a reference
group of individuals who discontinued exenatide because of
insurance, personal, or economic reasons. The improvements
in A1c and body weight observed in these studies with the
combination of exenatide and insulin were offset by increased
reports of gastrointestinal side effects, which led to the dis-
continuation of a small number of patients in each of the
studies.34–37 Hypoglycemia was also reported in a small
number of patients in each of these studies, although the
majority of cases were mild and did not require hospitaliza-
tion.

In the prospective, observational study by Nayak et al.,34

the A1c change from baseline to 6 or 12 months was small,
being only �0.2% and �0.1%, respectively, but weight loss
was more marked at �10.7 and �12.8 kg, respectively. These
findings reflect the strategy used in that single-center study, as
the objective seemed to focus on maximizing weight loss ra-
ther than targeting glycemic control. In that study, down-
titration of the insulin dose was encouraged to aid weight loss
during the first 6 months of exenatide therapy. Hence, the
mean insulin dose decreased from 144 U/day to 51 U/day at 6
months, and 24% of patients stopped using insulin altogether.
Thus, although the approach used in that study offered good
improvements in body weight and a small improvement
in systolic (but not diastolic) blood pressure, these positive

FIG. 1. Mean� SE blood glucose profiles after 4 weeks of treatment. Adapted by permission of the American Diabetes
Association from Arnolds et al.32
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effects were unfortunately offset by a lack of improvement in
glycemic control, and it is unclear whether clinically relevant
improvements in other risk factors occurred.

The results from the study by Nayak et al.34 are in accord
with those of Hirsch et al.,38 who reported that the current use
of a GLP-1 mimetic in combination with insulin seems to be
driven by patient characteristics. In that study, patients pre-
scribed exenatide in combination with insulin were more
likely to weigh >113 kg and have a body mass index of
>40 kg/m2, a Charlson Comorbidity Index of �2, and a
baseline A1c of >9%. This is a notoriously difficult patient
population to treat because of the severity of disease and the
dangers of exacerbating their obesity with intensive therapy
to reach glycemic targets. In these patients, the prospect of
improved control in the absence of weight gain is highly de-
sirable. However, considering the etiology of diabetes and the
likelihood of severe b-cell dysfunction in patients with such
severe disease, one may ask whether a basal–bolus regimen
and marked lifestyle changes may be more appropriate.

It must also be acknowledged that there was no consistency
in insulin use in any of the studies because they included
patients using basal insulin alone, basal plus prandial insulin,
or premixed insulin. These differences limit the ability to
conclude which insulin regimen would be most effective
when used in combination with a GLP-1 mimetic. Never-
theless, in all studies that included the use of prandial or
premixed insulin, the doses of prandial insulin were de-
creased. In contrast, the dosage of basal insulin generally re-
mained constant, supporting the hypothesis that GLP-1
mimetics would be particularly suitable for use in combina-
tion with basal insulins.

Unanswered Questions and Future Studies

The data from the proof-of-concept study by Arnolds et al.32

are interesting, but there is a clear need to evaluate the benefits
of a basal insulin in combination with a GLP-1 mimetic in the
absence of oral antidiabetes agents. There is also the question
of how to adjust insulin and GLP-1 mimetic doses when used
in combination. Exenatide is normally administered at a dose
of 5 mg for approximately 1 month to improve tolerability and
then increased to 10 mg; this was the dosing regimen used in
combination with insulin glargine in the study by Buse et al.33

However, in another study, exenatide was continued at 5mg
throughout the observation period,36 whereas in the proof-of-
concept study, the dose of exenatide was increased after 2
weeks,32 rather than the 1 month recommended by the label.
Therefore, studies should confirm whether the current dosing
requirements are still appropriate, or whether lower doses
should be used to manage the risk of adverse events, in-
cluding gastrointestinal events, when combined with insulin.
In terms of the insulin dose, all of the studies showed small
reductions in dosage, particularly in the first 6 or 12 months of
therapy.37 Unfortunately, because of the designs of the study
published in full to date, it is not possible to gauge how GLP-1
mimetics affect the basal or prandial components of insulin
therapy. One study has indicated that the insulin glargine
dose can be up-titrated during exenatide therapy.33 One may
speculate that prandial doses would need to be down-titrated
to avoid excess postprandial hypoglycemia.

All of the studies published to date have focused on twice-
daily exenatide; this is not surprising given the more extensive

clinical experience with this drug. In addition to the twice-
daily administration, it is also important to determine whe-
ther similar improvements in glycemic control are possible
with once-daily or once-weekly GLP-1 mimetics. Regimens
that require fewer injections are likely to reduce the burden of
treatment administration associated with basal–bolus insulin
regimens and may therefore increase treatment satisfaction.
Indeed, patient convenience and treatment satisfaction
should be included in the outcomes of future studies assessing
basal insulin and GLP-1 mimetic combinations. Furthermore,
two of the main limitations associated with basal–bolus and
premixed regimens are weight gain and hypoglycemia; it is,
therefore, important to assess all three outcomes in future
studies.

Identifying populations that would most benefit from the
combination of basal insulin and GLP-1 mimetic combina-
tions is also an area for study. The current treatment paradigm
for type 2 diabetes essentially focuses on the progression from
lifestyle interventions to pharmacotherapy with metformin
and basal insulin, followed by further intensification with
addition of prandial insulin. Because a GLP-1 mimetic could
theoretically be used in combination with basal insulin, rather
than intensifying basal insulin to a basal–bolus or premixed
regimen, the efficacy of this approach should be determined.
Further studies would be helpful to determine whether the
addition of GLP-1 mimetics to basal insulin offer greater or
comparable improvements in glycemic control to basal–bolus
or premixed insulin regimens.

GLP-1 mimetics potentiate endogenous insulin secretion,
and it is conceivable that they may have limited efficacy in
patients with long-standing diabetes and limited b-cell func-
tional capacity. Future studies should focus on patients with
earlier-stage disease, who are more likely to have good re-
sidual b-cell function. For patients with higher A1c, the ad-
dition of a prandial insulin may be more effective than the use
of GLP-1 mimetics, and head-to-head studies of GLP-1 mi-
metics versus prandial insulin in patients already on basal
insulin would be of interest to better understand which pa-
tients would benefit most from each strategy.

The cost-effectiveness of the regimens should also be ad-
dressed. Prescription costs for a basal insulin–GLP-1 mimetic
combination are likely to be relatively high; however, there is
the potential that indirect healthcare cost savings achieved
through improvements in glycemic control, reduced risk of
hypoglycemia and vascular complications, and the poten-
tial for weight loss may offset the direct costs of medication.
Table 2 summarizes several studies that are now underway,
or have been recently completed, and should provide some
insight into some of these, and other questions, and the results
of these studies are eagerly awaited.

Conclusions

Preliminary evidence reviewed here suggests that the
combination of a basal insulin with a GLP-1 mimetic is a po-
tentially attractive treatment strategy for some patients with
type 2 diabetes. Most of the studies to date have considered
the combination in obese patients with very poor glycemic
control, but the optimal target population remains to be de-
termined. In terms of the sequence for introduction, the
American Diabetes Association/European Association for the
Study of Diabetes consensus algorithm currently recom-
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mends that both basal insulin and GLP-1 mimetics are ap-
propriate for patients failing lifestyle changes and metformin
therapy, although basal insulin (or a sulfonylurea) is pre-
ferred, based on efficacy and the wealth of clinical experi-
ence.1 GLP-1 mimetics are advocated for special populations
where hypoglycemia may be particularly hazardous or where
weight gain is a concern.1 The majority of patients will receive
basal insulin first, and future studies should evaluate adding a
GLP-1 mimetic for patients with postprandial glucose levels
poorly controlled on basal insulin and oral agents.

Traditionally, intensification has been achieved by moving
to a basal plus regimen (basal insulin plus a single short-acting
insulin injection) or with premixed insulin preparations. For
many patients these strategies are successful, but some pa-
tients may find that intensive insulin therapy increases the
burden of care because of an increased risk of hypoglycemia
and weight gain.39–41 Basal insulin in combination with a
GLP-1 mimetic may provide improvements in glycemic con-
trol with the benefit of better weight management, avoidance
of hypoglycemia, and increased treatment satisfaction.
However, the addition of a GLP-1 mimetic may also increase
the incidence of gastrointestinal side effects in some patients.
Clinicians and patients must remember that the combination
of an insulin analog and a GLP-1 mimetic remains off-label,
and there are still many questions to be answered. Studies are
now underway, or have recently been completed, to help
provide answers to these questions, and their findings should
help inform optimal management of type 2 diabetes in the
future.
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hätalo M, Virtamo H, Nikkilä K, Tulokas T, Hulme S, Hardy
K, McNulty S, Hänninen J, Levänen H, Lahdenperä S, Leh-
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