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Abstract: There are two important incretin hormones, glucose-dependent insulin tropic
polypeptide (GIP) and glucagon-like peptide-1 (GLP-1). The biological activities of GLP-1
include stimulation of glucose-dependent insulin secretion and insulin biosynthesis, inhibition
of glucagon secretion and gastric emptying, and inhibition of food intake. GLP-1 appears to
have a number of additional effects in the gastrointestinal tract and central nervous system.
Incretin based therapy includes GLP-1 receptor agonists like human GLP-1 analogs (liraglutide)
and exendin-4 based molecules (exenatide), as well as DPP-4 inhibitors like sitagliptin, vildagliptin and saxagliptin. Most of the published studies showed a significant reduction in HbA1c
using these drugs. A critical analysis of reported data shows that the response rate in terms of
target achievers of these drugs is average. One of the first actions identified for GLP-1 was the
glucose-dependent stimulation of insulin secretion from islet cell lines. Following the detection
of GLP-1 receptors on islet beta cells, a large body of evidence has accumulated illustrating
that GLP-1 exerts multiple actions on various signaling pathways and gene products in the
β cell. GLP-1 controls glucose homeostasis through well-defined actions on the islet β cell via
stimulation of insulin secretion and preservation and expansion of β cell mass. In summary,
there are several factors determining the response rate to incretin therapy. Currently minimal
clinical data is available to make a conclusion. Key factors appear to be duration of diabetes,
obesity, presence of autonomic neuropathy, resting energy expenditure, plasma glucagon levels
and plasma free fatty acid levels. More clinical evidence is required to identify the factors
affecting response rate to incretin therapy.

The term “incretin effect” is used to describe the fact that an oral glucose load
produces a greater insulin response than an intravenous glucose infusion which gives
similar glycemic response, or causes an equivalent rise in blood glucose as the oral
glucose load.1–4 This difference is due to gastrointestinal hormones that are released
during nutrient ingestion and stimulate insulin secretion in excess of that elicited by
intravenous glucose. This stimulation is due to the effect of the so-called “incretin
hormones” or “incretins”.1 The incretin effect is responsible for up to 60% of insulin
secretion after glucose ingestion in normal subjects.4 The incretin effect is impaired
in most patients with type 2 diabetes. However it is still not clear whether it is a cause
or a consequence of hyperglycemia.
There are two important incretin hormones, glucose-dependent insulinotropic
polypeptide (GIP) and glucagon-like peptide-1 (GLP-1). GIP, previously known as
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gastric inhibitory polypeptide, is secreted from K-cells of
the upper small intestine and GLP-1 is secreted from the
L-cells of the lower small intestinal mucosa. Their action as
incretins has been well documented in both animal (eg, with
the use of specific receptor antagonists5,6 or targeted receptor
disruptors7) and human studies.8–10 Both the incretins enhance
glucose induced insulin secretion from pancreatic β-cells.
However their action on glucagon secretion is conflicting,
GLP-1 being an inhibitor of glucagon secretion while GIP
may have no effect or even increase glucagon secretion.
In addition the effect of GLP-1 remains intact in type 2
diabetes though its meal-time secretion is reduced while
the secretion of GIP remains either normal or is sometimes
elevated in type 2 diabetes. This makes GLP-1 an attractive
therapeutic target in type 2 diabetes.
The biological activities of GLP-1 include stimulation of
glucose-dependent insulin secretion and insulin biosynthesis,
inhibition of glucagon secretion and gastric emptying, and
inhibition of food intake. GLP-1 appears to have a number
of additional effects in the gastrointestinal tract and central
nervous system.11 The finding that GLP-1 lowers blood
glucose in patients with diabetes, taken together with suggestions that GLP-1 may restore β-cell sensitivity to exogenous
secretagogues, suggests that augmenting GLP-1 signaling
is a useful strategy for treatment of diabetic patients. There
are a number of different GLP-1 targets or loci that may
be exploited to enhance GLP-1 action in diabetic subjects.
Incretin-based therapy is a newer class of treatment for
type 2 diabetes. This includes GLP-1 receptor agonists such
as human GLP-1 analogs (liraglutide) and exendin-4 based
molecules (exenatide), as well as DPP-4 inhibitors such as
sitagliptin, vildagliptin, and saxagliptin.12 Many other drugs
in this class are in various stages of development.
This review focuses mainly on the incretin mimetics such
as liraglutide and exenatide.
While extensive research has been done on the efficacy
and safety of these incretin-based therapies, little clinical
work has been done to understand the determinants of
response to these drugs. Theoretically, response to these
promising new drugs depends not just on β-cell function
but also on other factors such as degree of impairment of
incretin effect. In the case of DPP-4 inhibitors the response
also depends on amount of endogenous GLP-1 secretion.
Though incretin-based therapy is recommended for early
in the course of type 2 diabetes no definite consensus has
emerged regarding the “type of patient” who does or does not
respond to incretin-based therapy. Liraglutide and exenatide
are compared provided in Table 1.
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Table 1 Comparison of liraglutide and exenatide
Liraglutide

Exenatide

Once daily injection
Peakless
Weight loss
Good effect on HbA1c and FPG
No antibodies to analogs
Negligible injection site reaction

Twice daily injection
Rise to a peak and fall
Significant weight loss
Good effect on HbA1c
Antibodies to exenatide
Injection site reactions occur

Abbreviations: FPG, fasting plasma glucose; HbA1c, glycated hemoglobin.

Glycated hemoglobin lowering
with incretin-based therapy
Most of the published studies showed a significant reduction in glycated hemoglobin (HbA1c) using these drugs.
Liraglutide treatment led to impressive HbA1c reduction
of up to 1.6% as monotherapy.13 Exenatide reduced a
baseline HbA1c of about 7.8% by 0.7% to 0.9% when used
as monotherapy,13,14 while a once-weekly preparation of
the same drug show better results. Exenatide, studied as
monotherapy in patients with type 2 diabetes naive to antidiabetic agents, has shown effective glycemic control. HbA1c
reductions (%) from baseline were significantly greater with
exenatide 5 and 10 µg than [placebo] (−0.7 [0.1] and −0.9
[0.1] vs −0.2 [0.1]; P = 0.003 and P , 0.001, respectively),
as were fasting serum glucose (FSG) reductions (mg/dL)
(−17.5 [4.0] and −18.7 [4.0] vs −5.2 [4.0]; P = 0.029 and
P = 0.016, respectively). Changes in daily mean postprandial
glucose excursions (mg/dL) from baseline to end point were
significantly greater with exenatide 5 and 10 µg than placebo
(−21.3 [2.7] and −24.7 [2.7] vs −8.3 [2.5]; both, P , 0.001).
With exenatide 5 and 10 µg, 31% and 35% of patients
achieved HbA1c # 6.5% at end point vs 19% with placebo
(P = NS and P = 0.026, respectively), while 48% and 46%
vs 29% achieved HbA1c # 7.0% (P = 0.024 and P = 0.036,
respectively).13
Exenatide once weekly, which is under review by the US
Food and Drug Administration, elicits sustained glycemic
control (−1.8% reduction in HbA1c), along with a reduction in
bodyweight (−3.6 kg), and an improvement in cardiovascular
risk factors.14
Various DPP-4 inhibitors, such as vildagliptin, saxagliptin, and sitagliptin, also improve glycemic control, but to a
lesser extent.15 Leraglutide (1.8 mg) has been compared headto-head against exenatide (10 µg/day) in the LEAD 6 study,
a 26-week open-label, parallel-group, multinational study.
The primary outcome was change in HbA1c. Liraglutide
reduced mean HbA1c significantly more than did exenatide
(−1.12% vs −0.79%; estimated treatment difference −0.33;
P , 0.0001) and more patients achieved a HbA1c value of
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less than 7% (54% vs 43%, respectively; odds ratio 2.02;
P = 0.0015). Liraglutide reduced mean fasting plasma glucose
(FPG) more than did exenatide (−29 mg/dL vs −11 mg/dL;
estimated treatment difference −18.2 mg/dL; P , 0.0001)
but postprandial glucose control was less effective after
breakfast and dinner. Both drugs promoted similar weight
loss (liraglutide −3.24 kg vs exenatide −2.87 kg). Both
drugs were well tolerated, but nausea was less persistent
(estimated treatment rate ratio 0.448, P , 0.0001) and
minor hypoglycemia was less frequent with liraglutide than
with exenatide (1.93 vs 2.60 events per patient per year;
rate ratio 0.55; P = 0.0131; 25.5% vs 33.6% had minor
hypoglycemia). Two patients in the exenatide group had a
major hypoglycemic episode. After 26 weeks patients on
twice-daily exenatide were shifted to once-daily liraglutide
in an open label extension for next 14 weeks. Switching from
exenatide to liraglutide further and significantly reduced
HbA1c (0.32%), FPG (16.2 mg/dL), bodyweight (0.9 kg), and
SBP (3.8 mmHg) with minimal hypoglycemia (1.30 episodes/
patient-year) or nausea (3.2%). Among patients continuing
on liraglutide, further significant decreases in bodyweight
(0.4 kg) and SBP (2.2 mmHg) occurred with 0.74 episodes/
patient-year of minor hypoglycemia and 1.5% experiencing
nausea. In summary, liraglutide once daily provides significantly greater improvements in glycemic control than does
exenatide twice daily, and is better tolerated.16
Liraglutide (1.2 mg/day and 1.8 mg/day) has also
been compared against the DPP-4 inhibitor sitagliptin
(100 mg/day) in a head-to-head parallel-group, open-label
trial as adjunct treatments to metformin. Greater lowering of
mean HbA1c was achieved with 1.8 mg liraglutide (−1.50%)
and 1.2 mg liraglutide (−1.24%) than with sitagliptin
(−0.90%). Estimated mean treatment differences for liraglutide vs sitagliptin were −0.60% (P , 0.0001) for 1.8 mg
and −0.34% (P , 0.0001) for 1.2 mg liraglutide. Nausea was
more common with liraglutide (59 [27%] patients on 1.8 mg;
46 [21%] on 1.2 mg) than with sitagliptin (10 [5%]). Minor
hypoglycemia was recorded in about 5% of participants in
each treatment group. In conclusion liraglutide was superior
to sitagliptin for reduction of HbA1c, and was well tolerated
with minimum risk of hypoglycemia.17

Response rate to incretin-based
monotherapy
Less emphasis has been put on the percentage of individuals
who actually respond to incretin therapy. A critical analysis
of reported data shows that the response rate to these drugs,
in terms of target achievers, is average.
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The number of patients reaching the American Diabetes
Association target of an HbA1c of ,7% are considered as
target achievers. The percentage of target achievers is one
of the measures of response rate (RR) and this RR to liraglutide was 43% and 51% with 1.2 mg and 1.8 mg of daily
dose, respectively, when given as monotherapy (LEAD-3).
This RR was significantly higher (P = 0.0007, P , 0.0001)
than the 28% RR with glimepiride 8 mg.18 The liraglutide
monotherapy RR is almost similar to that of exenatide
(up to 48%) and the gliptins (up to 69%). Though many
treated subjects reached the target, a significant number of
patients remained uncontrolled. This could be due to the
short duration of trial. Similar response rates are also seen in
treat-to-target trials with insulin therapy. However response
to incretin-based therapy is not uniform in real life practice.
Significant numbers of patients fail to respond to exenatide
and gliptins in our clinical practice (upublished data). Similar
observations are also shared by our colleagues. The objective
of this review is to look at factors, apart from duration of
diabetes and β-cell function, that could be affecting response
to incretin therapy.

Determinants of response
to incretin therapy
Bearing in mind the average response rate, and the aboveaverage cost of this class of drugs, it becomes imperative to
find out clinical or easily measurable biochemical features
which can predict a positive response to incretin-based
therapy. Available clinical data on such predictors are
minimal. No association has been noted with age, gender, or
baseline body mass index, and HbA1c response to exenatide,
liraglutide, sitagliptin, or vildagliptin. The therapies have
been positioned for recent-onset diabetes at one end of the
spectrum, and for elderly diabetics at the other. Liraglutide,
in fact, has been shown to be effective when prescribed at
virtually every step of the natural history of diabetes.12
As no clinical data are available, one has to depend on preclinical data to frame a hypothesis upon which to base one’s
clinical decisions on selecting patients for incretin-based
therapy.

b-cell function and incretin effect
One of the initial properties identified for liraglutide was the
glucose-dependent stimulation of insulin secretion from islets in
rodents, humans, or from islet cell lines.19 After to the detection
of GLP-1 receptors on islet β-cells, evidence has accumulated
demonstrating that liraglutide exerts multiple actions on various
signaling pathways and protein synthesis in the β-cell.
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Even though original studies proved that liraglutide
activates cyclic adenosine monophosphate (cAMP) in islet
β-cells, succeeding trials also established GLP-1-dependent
variations in intracellular calcium.20 GLP-1R−/− β-cells
exhibit abnormalities in levels of glucose-stimulated cAMP
and in glucose-stimulated calcium oscillations. GLP-1, and
to a lesser extent glucagon, stimulate coordinate oscillations in both intracellular calcium and cAMP in β-cells,
which are potentiated in the presence of elevated glucose
concentrations. CAMP oscillations appear sufficient for
stimulation of insulin exocytosis, whereas more sustained
elevations in cAMP are required for nuclear protein kinase
(PKA) translocation leading to cAMP response element
binding activation, and likely cell proliferation and survival.
These findings illustrate a molecular mechanism differentiating transient vs sustained GLP-1 receptor activation leading
to differential downstream signal transduction events.21
Furthermore, evidence for constitutive signaling of
GLP-1 receptors in islet β-cells is found in studies of islet
cells incubated with the antagonist exendin or in studies of
immortalized GLP-1R−/− β-TC cells.22 More recent experiments have indicated that although GLP-1 increases islet
cAMP, many of the subsequent changes that occur in the
β-cell are PKA-independent. The growth effects of GLP-1 on
islet cells may be mediated by the PI-3 kinase pathway.23 The
exact downstream signaling pathways utilized by liraglutide
in the islet β-cell remains a subject of intense interest.
Several studies have implicated a role for cAMP-regulated
guanine nucleotide exchange factors as downstream mediators of liraglutide signaling in β-cells. Intriguingly, experiments in INS-1 cells show that although PKA inhibitors
such as H-89 may not abrogate many components of GLP-1
receptor signaling, the cAMP antagonist 8-Br-Rp-cAMPS
functions as a more complete inhibitor, likely as a result of
its actions on cAMP-GEF II. Indeed, a dominant negative
cAMP-GEF II cDNA blocked intracellular β-cell calcium
release mediated by forskolin and antisense oligonucleotides
against cAMP-GEF II further reduced insulin secretion in
the presence of H-89.24 Hence the cAMP-GEF II signaling complex, interacting with Rim2, likely accounts for a
substantial proportion of PKA-independent GLP-1 receptor
signaling in β cells.
The liraglutide-stimulated increase in insulin mRNA is
likely mediated in part via cAMP. It is well known that cAMP
increases both insulin gene transcription and stabilizes insulin
mRNA. Similarly, liraglutide increases insulin mRNA in part
via enhanced mRNA stability, and possibly through increased
insulin gene transcription.25,26 The effect of liraglutide on
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the insulin gene promoter appears to be mediated by two
distinct cis-acting sequences, both in a PKA-dependent and
PKA-independent manner, depending on the experimental
model used.27 Inhibition of p38 mitogen-activated protein
kinase (p38 MAPK) using a chemical inhibitor SB 203580
resulted in a marked increase in insulin promoter activity in
response to liraglutide stimulation, implying the existence
of a functional interaction between GLP-1 and MAPK signaling pathways.28 Pugazhenthi and colleagues examined
the effects of exendin-4 treatment of human islets from
non-diabetic donors.
Exendin-4 modestly suppressed the expression of
chemokines (CXCL9, CXCL10, and CXCL11) following
induction of an inflammatory response by treatment of islets
with IFN-γ. Small reductions in STAT-1 were also observed
and these anti-inflammatory effects were mimicked by
forskolin and the effects of exendin-4 were potentiated by
phosphodiesterase inhibitors. Similar findings were obtained
in Min-6 insulinoma cells in a PKA-independent manner
independent of H-89.29
One of the first clues to the pleiotropic beneficial effects of
GLP-1 on islet β-cells was the finding that GLP-1 enhanced
the number of glucose-responsive islet cells in vitro.30 This
effect of GLP-1 appears to extend to diabetic islets.31 Does
GLP-1 enhance the processing of proinsulin to insulin in
normal subjects or patients with impaired glucose tolerance
(IGT) or diabetes? This question is being studied in multiple
clinical trials. Human subjects with IGT infused with GLP-1
exhibit a decreased circulating ratio of proinsulin to insulin.
Nevertheless, the rapid kinetics of these changes does not
permit any definite conclusions about GLP-1-regulated
proinsulin processing vs regulation of secretion or clearance,
for example.32

Duration of diabetes
and incretin response
During the evolution of type 2 diabetes, insulin resistance
stabilizes early, becoming constant; initially pancreatic
β-cells can maintain normal plasma glucose concentrations
by compensatory hyperinsulinemia. Overt type 2 diabetes
occurs only when β-cells numbers fall or become dysfunctional and can no longer maintain the hyperinsulinemia
required to maintain normoglycemia.33 Early in the natural
history of type 2 diabetes, compensatory hyperinsulinemia is successful in overcoming the insulin resistance and
maintaining euglycemia. Failure of incretin effect leads to
relative insulinopenia and hyperglycemia. GLP-1 secretion
is reduced in non-diabetic obese subjects, suggesting that

Research and Reports in Endocrine Disorders 2011:1

Research and Reports in Endocrine Disorders downloaded from https://www.dovepress.com/ by 18.206.238.77 on 12-May-2021
For personal use only.

Dovepress

incretin secretion may be altered early in the natural history
of diabesity.34
A number of investigators have documented a reduced
incretin effect in type 2 diabetes.35,36 This finding implies that
signals from gut-derived factors are attenuated because of
decreased concentrations of incretin hormones or resistance
to their effects. Studies on GIP secretion in type 2 diabetes
report decreased, normal, and increased responses.37 Earlier
studies on secretion of GLP-1 in type 2 diabetes suggested
that circulating concentrations are raised, but recent studies employing better control of metabolic factors and more
specific analytical assays indicate a near absence.38

Autonomic function and incretin
response
Many workers have explored the correlation between
the autonomic nervous system and the incretin response.
Henderson et al found a significant reduction by atropine
on insulin release after oral, but not after intravenous, glucose administration.39 Flaten et al showed that isoproterenol
increased GIP and insulin responses after an oral glucose
load in healthy humans and this effect was counteracted
by propranolol.40 In a canine study the incretin effect was
significantly attenuated by administration of propanolol,
but not by atropine or phentolamine.41 In another animal
study, Ikeda et al found that propranolol inhibited GIP- and
GLP-1-induced insulin release.42
Therefore there are several indications in favor of an
involvement of a sympathetic/parasympathetic mechanism
in the regulation of the incretin effect. It stands to reason,
therefore, that autonomic dysfunction may affect the response
to incretin therapy in patients with diabetes.
To confirm this hypothesis, a study was conducted on
20 type 2 diabetes patients with and without autonomic
neuropathy (AN), to assess the effect of AN on incretin
response, compared with 10 healthy control subjects.43 Total
insulin and C-peptide responses during oral glucose tolerance
test (OGTT) were significantly higher than those after IV
glucose infusion in the group of normal subjects, but not in
the groups of diabetic patients. After the oral glucose load,
GIP levels were significantly increased in normal subjects and
patients without AN, whereas GLP-1 levels increased only
in normal subjects. Based on insulin responses, the incretin
effect [Incretin effect = difference between total integrated
amount of insulin or C-peptide during OGTT (A) and intravenous glucose infusion (B) = (A − B)/A − 100] was 56.5%
in normal subjects, 37.3% in diabetic subjects without AN,
and 10.9% in patients with AN. The differences between the
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groups were significant only between normal subjects and
patients with AN (P , 0.01).
Based on C-peptide responses, the incretin effect was
39.9%, 22.1%, and 5.9%, respectively, with significant
differences between controls and both patient without AN
(P , 0.05) and with AN (P , 0.01).
In contrast to IV glucose infusion, oral glucose administration decreases hepatic insulin clearance, whereas method
of glucose administration does not affect C-peptide clearance.
As insulin and C-peptide are secreted into the portal circulation in equimolar amounts,44 this difference in clearance
should be responsible for the higher incretin effect calculated
from insulin responses in this study.
GIP responses to a mixed meal have been noted to be
significantly reduced in type 2 diabetic patients in comparison
with healthy subjects. If the group of diabetic patients was
further divided into subjects with and without AN, the GIP
responses were significantly decreased only in those with AN.
In diabetics without AN, GIP responses were similar to those
of controls. The authors suggested that this finding could be
related to the loss of autonomic control of gastric emptying or
the GIP secretion on autonomic modulation.45 These studies
indicate a possible effect of autonomic neuropathy on the
incretin effect in type 2 diabetes, through modulation of GIP
secretion and hepatic insulin extraction, as suggested in other
studies.4,46,47 It appears that GIP is more affected by autonomic
neuropathy than GLP-1. Hence autonomic neuropathy could
be an important factor affecting the response rate to gliptins.
It may not be relevant for GLP-1 analogs.

Metabolic function and incretin
response
GLP-1 control glucose homeostasis through well-defined
actions on the islet β-cell via stimulation of insulin secretion and preservation and expansion of β-cell mass. Hansotia
et al48 examined the importance of endogenous incretin receptors for control of glucose homeostasis through analysis of
Glp1r−/−, Gipr−/−, and double incretin receptor knockout
(DIRKO) mice fed a high-fat diet. DIRKO mice failed to
upregulate levels of plasma insulin, pancreatic insulin mRNA
transcripts, and insulin content following several months
of high-fat feeding. Both single incretin receptor knockout and DIRKO mice exhibited resistance to diet-induced
obesity, preservation of insulin sensitivity, and increased
energy expenditure associated with increased locomotor
activity. Moreover, plasma levels of plasminogen activator
inhibitor-1 and resistin failed to increase significantly in
DIRKO mice after high-fat feeding, and the GIP receptor
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agonist (D-Ala2) GIP, but not the GLP-1 receptor agonist
exendin-4, increased the levels of plasma resistin in studies
of both acute and chronic administration. These findings
extend our understanding of how endogenous incretin circuits
regulate glucose homeostasis independent of the β-cell via
control of adipokine secretion and energy expenditure.
Resting energy expenditure is directly proportional to
fasting plasma GLP-1 concentration.49 In humans, Donahoo
and co-workers also found an increase in energy expenditure
induced by peripheral GLP-1 administration in healthy young
men.50 They used the hyperglycemic clamping technique,
which resulted in high levels of plasma insulin. The effects on
energy expenditure were abolished when the GLP-1 induced
insulin secretion was blocked by somatostatin. On closer
inspection it seems that energy expenditure might be more
dependent on plasma insulin levels than on the GLP-1 administration itself. Another study, conducted on Pima Indians,
confirmed that basal and 24-hour energy expenditure adjusted
for body composition, spontaneous physical activity (SPA),
sex, and age are higher in individuals with type 2 diabetes
compared with non-diabetic control subjects and may be even
more pronounced in Caucasians.
Resting energy expenditure can be predicted by fat-free
mass, and sympathetic nervous activity.50 GLP-1 can activate
the sympathoadrenal system at both central and peripheral
levels,50–52 and increase energy expenditure (EE).32 The
thermogenic effect, of GLP-1 is accompanied by tachycardia,
which points to an activation of the sympathoadrenal system.14
A positive association between GLP-1 and sympathetic activity
has also been demonstrated in the postprandial state.52
Fasting plasma GLP-1 concentrations are negatively
associated with respiratory quotient, and serum pancreatic
polypeptide,49 which is considered a valid surrogate marker
of parasympathetic drive to the gastrointestinal system.53
Together, these data may indicate that GLP-1 analog
administration will be of relatively more benefit in persons
with parasympathetic overdue, who are not able to perform
lipolysis and fatty acid oxidation as efficiently as persons
with sympathetic activation.

Biochemical parameters and incretin
response
Researchers have analyzed insulin secretion after oral glucose
load in first-degree relatives of type 2 diabetes patients, and
in women with a history of gestational diabetes mellitus, and
found normal GIP and GLP-1.54,55 It has therefore been concluded that the reduction of GLP-1 concentration in patients
with type 2 diabetes is a consequence of the disease, rather
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than an antecedent, as both these groups of patients often go
on to develop diabetes.
In a study comparing 17 patients with type 2 diabetes,
17 with impaired glucose tolerance, and 14 normal subjects,
plasma GIP and GLP-1 were noted to increase in all groups
after both oral glucose and mixed-meal ingestion.56 There
was a strong negative association between fasting glucagon
levels and GLP-1 levels, as assessed by incremental area
under curve (AUC) after oral glucose and meal ingestion.
A positive correlation was seen with GLP-1 levels and
integrated decremental glucagon levels after a glucose or
meal load.
A positive correlation was seen with GLP-1 and free fatty
acid (FFA) levels, while integrated decremental FFA levels
were inversely related to GLP-1.56 Similar associations were
noted for GIP.
GLP-1 increased with advancing age, and decreased with
higher body mass index. These associations were stronger
after glucose intake than after mixed meal. GLP-1 concentrations were noted to be higher in females than in males.
All these associations were statistically significant.56
These findings suggest that GLP-1 analog therapy should
be more effective in obese patients, in the elderly, in patients
with lower fasting plasma FFA, and higher fasting glucagon
concentrations. The drugs should theoretically be more effective in patients with high AUC FFA and low AUC glucagon
after glucose or test meal load.
The same study56 found no association between GLP-1
or GIP levels and measures of glucose control (fasting and
120 minutes glucose, HbA1c), markers of insulin secretion
(HOMA β-cell function), and markers of insulin sensitivity
(HOMA insulin resistance). This means that GLP-1 analogs
can be prescribed to patients irrespective of prior glycemic
control or insulin resistance levels. This observation is proven
by the beneficial results noted with the LEAD studies on
liraglutide.12
Various studies done in different sets of patients report
variable results. The above-mentioned study, which was carried out in patients with good control (HbA1c 6.8% ± 0.9%)
and short duration of diabetes (3.2 ± 2.8 years), showed definite results for predictors of GLP-1 secretion. On the other
hand, studies done in patients with longer duration of action
and higher HbA1c levels did not reveal such results.57
Researchers studied 50 type 2 diabetes patients with or
without autonomic/sensory neuropathy, and were unable to
find any correlation between age, presence of neuropathy,
obesity, β-cell function, and insulin sensitivity, and response
to GLP-1 infusion.57
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However, HbA1c, fasting plasma glucose, fasting nonesterified fatty acid (NEFA) concentration, AUC NEFA, and
DPP-4 activity was correlated negatively, and significantly,
with glucose disappearance constant (Kg).
The parameters that demonstrated a positive correlation
with Kg were fasting insulin, peak insulin, delta insulin,
and log HOMA 2. Multiple regression showed that the only
predictors of nadir plasma glucose were baseline fasting
glucose and Kg, with high baseline glucose leading to high
nadir glucose. Multiple regression analysis also revealed
that only high fasting plasma glucose was a significant
correlate of Kg.
This implies that GLP-1 analogs will be more effective in
less severe diabetes, and should preferentially be prescribed
to patents with better β-cell function.
However, the tropic effects of GLP-1 on the β-cell indicate that all diabetic patients will benefit from GLP-1 analog
therapy.58,59 The study confirmed that 100% of patients given
GLP-1 infusion responded to it, and the majority (78%)
reached stable normoglycemia. Whether this finding can be
extrapolated to GLP-1 analog therapy needs more study.
As GLP-1 has glucagonostatic action,60,61 the negative
relationship between fasting glucagon and GLP-1 is understandable. The positive correlation between postprandial
glucagon and GLP-1 may be explained by GLP-2, which is
a glucagontropic hormone secreted in equimolar amounts as
GLP-1 from the L-cells.62 It is possible that GLP-2, which is
degraded much more slowly than GLP-1, increases glucagon
secretion, and thus leads to higher glucagon levels after meal
or glucose intake.
The effect of glucagon on GLP-1, and vice versa
also, needs to be examined in detail. In healthy subjects,
glucagon inhibits GLP-1 secretion, which rises after calorie
intake, in parallel with a postprandial decline in α-cell
secretion. In patients with diabetes, nutrient intake does not
suppress glucagon, and the lack of change in α-cell function
prevents the rise (change) in GLP-1 secretion.62

Genetic markers and incretin
response
Recently, polymorphisms in the transcription factor 7-like
2 gene (TCF7L2) have been associated with type 2 diabetes.63
These polymorphisms have been shown to increase the
risk of developing the disease in multiple ethnic groups,
by ∼1 .46-fold, 64 by reducing glucose-induced insulin
secretion. Eight subjects with risk-conferring TCF7L2 genotypes (TT or TC at rs7903146) and 10 matched subjects with
wild-type genotype (CC) were studied to assess the exact
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mechanism by which this increase in risk occurred. They
underwent 5-hour oral OGTT, isoglycemic intravenous
glucose infusion, and graded glucose infusion. The incretin
effect was assessed from ratios of the insulin secretory rates
during oral and isoglycemic glucose infusions.65
β-cell response to oral glucose was 50% lower (47 ± 4
vs 95 ± 15 × 109 min−1; P = 0.01) in the group of subjects
with risk-conferring TCF7L2 genotypes compared with
control subjects. The incretin effect was also reduced by
30% (32 ± 4 vs 46 ± 4%; P = 0.02) in the at-risk group. The
lower incretin effect occurred despite similar GIP and GLP-1
responses to oral glucose. The insulin secretory rate response
to intravenous glucose over a physiologic glucose concentration range (5–9 mmol/L) was similar between groups.65
The TCF7L2 variant rs7903146 appears to increase
risk of type 2 diabetes, at least in part, by modifying the
effect of incretins on insulin secretion. This is not due to
reduced secretion of GLP-1 and GIP but rather to the effect
of TCF7L2 on the sensitivity of the β-cell to incretins. This
may explain why different patients respond differently to
incretin therapy. The molecular mechanisms responsible
for the reduced β-cell response to GLP-1 and GIP as a
function of TCF7L2 genotype have not been defined and
warrant further investigation. TCF7L2 is a Wnt signalingassociated transcription factor that plays an important role
in the synthesis of GLP-1 in intestinal L-cells.66 It was thus
expected that genetic variation in TCF7L2 would lead to
reduced secretion of GLP-1 and GIP. Clearly this is not
the case. In addition, the diabetes-associated variants in
TCF7L2 have been shown to have increased, rather than
decreased, islet levels of TCF7L2 mRNA.67 Interestingly,
Shu et al recently reported that increased levels of
TCF7L2 mRNA in β-cells are actually associated with
decreased TCF7L2 proteins, indicating altered regulation
at a posttranscriptional level.68 The reduction in TCF7L2
protein was found to correlate with downregulation of GIP
and GLP receptors, resulting in decreased Akt phosphorylation and Akt-mediated Foxo-1 phosphorylation, and,
therefore, impaired β-cell function.

Conclusion
In summary several factors determine the response rate to
incretin therapy. Minimal clinical data are available to make
any conclusion. Key factors appear to be duration of diabetes,
obesity, presence of autonomic neuropathy, resting energy
expenditure, plasma glucagon level, and plasma free fatty
acid levels. More clinical evidence is required to identify the
factors affecting response rate to insulin therapy.
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