
The problem of clinical inertia

Targeting HbA1c levels below 7.0% is considered
a primary goal of diabetes care, given its importance to
obtain a sustained reduction in microvascular, and
possibly macrovascular complications. However,
maintaining an adequate metabolic control is still a
challenge in many patients with type 2 diabetes
(T2DM). Recent data from 114.000 patients in Italy
suggest that over 50% of them fails to meet the <7.0%
target, while approximately 30% has HbA1c >8.0%.
Furthermore, only 5.5% achieves combined goals for
HbA1c, blood pressure, and cholesterol (1).

Among the many factors advocated to explain the
failure to achieve recommended goals, clinical inertia

is increasingly recognised as a primary cause of poor
glycemic control in T2DM (2-4). Clinical inertia may
be defined as the failure to initiate or advance therapy
in a patient who is not at the evidence-based thera-
peutic goal. The concept is well illustrated in a large,
prospective study in patients who were members of
the Kaiser Permanente Northwest. In this study, in
patients on monotherapy with metformin or sulfony-
lurea  a change in therapy was initiated only when
HbA1c levels rose to 8.8% and 9.1%, respectively. The
time required for therapy intensification ranged from
2 to 3 years, despite HbA1c levels above goal (5).
Clinical inertia in T2DM has been confirmed in oth-
er studies, showing that patients are often left in a
state of chronic hyperglycemia for long periods of
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time, before treatment is intensified (3, 6, 7). Chronic
hyperglycemia in turn increases the risk of complica-
tions and accelerates the decline in beta-cell function
as a consequence of glucotoxicity.

The importance of an early, intensified approach
to metabolic control has been clearly demonstrated by
the long-term results of the UKPDS study, showing
that the benefits of tight blood glucose control ex-
tended well beyond the end of the study and persisted
after over 10 years (8). In fact, while between-group
differences in HbA1c were lost one year after the end
of the study, significant differences in favour of the
tight metabolic control group were still present for
microvascular and macrovascular complications, and a
significant difference in overall mortality also
emerged. These findings confirm the existence of a
“metabolic memory” (9), initially described in the
DCCT trial, and strongly support the adoption of a
more aggressive treat-to-target approach, instead of
waiting for treatment failure. This approach can be
particularly important in the initial phases of the dis-
ease, to slow the progressive decline of beta-cell func-
tion and improve overall outcomes.

The causes of clinical inertia

The causes of clinical inertia are multifactorial,
and include providers’ attitudes and beliefs, the system
of care, patients’ preferences, and available treatments
(10).

The primary responsibility lies with the provi-
ders, and reasons for clinical inertia may include un-
certainty regarding the appropriate target in specific
patient subgroups, lack of training in the treat-to-tar-
get approach, overestimation of adherence to guide-
lines.

Organizational factors, such as lack of sufficient
time to address patient problems, or lack of shared
care organization between the specialist and primary
care may also contribute to clinical inertia.

Patients may also contribute by adopting un-
healthy lifestyles and failing to adhere to prescribed
medications.

Among the factors that strongly affect the choic-
es of providers, as well those of patients, are the fear of
hypoglycaemia and weight gain.

Hypoglycaemia

After the failure of monotherapy with met-
formin, clinicians are offered different options to in-
tensify treatment, including sulfonylureas, glitazones,
and insulin. However, all these classes of drugs show
side effects that can limit their use.

Hypoglycaemia has a substantial impact in terms
of mortality, morbidity, and quality of life (11). One
out of four patients with T2DM treated with insulin
for >5 years experiences at least one episode of severe
hypoglycaemia, and the frequency of episodes increas-
es with increasing age and diabetes duration.

Moreover sulfonylureas may cause hypogly-
caemia, though at a lower rate than insulin. In a recent
study, the frequency of moderate and severe episodes
of hypoglycaemia were of 39% and 7%, respectively
(12). Rates of hypoglycaemia defined by values <2.2
mmol/l for at least 20 minutes on continuous glucose
monitoring were 14%. It should be underlined that
the frequency of hypoglycaemic episodes is lower with
the third-generation sulfonylureas (e.g. glimepiride,
glipizide and gliclazide) and the metiglinides (e.g.
repaglinide and nateglinide). Nevertheless, consider-
ing the elevate number of individuals treated with this
class of drugs, even an event rate as low as 0.8% per
annum for severe events translates into thousands of
patients requiring emergency assistance (13).

The role of severe hypoglycaemia as a cardiovas-
cular risk factor has been recently emphasized by the
results of two large trials: the ACCORD and the
VADT. Both trials were designed to determine the ef-
fect of the lowering of blood glucose to near-normal
levels on cardiovascular risk. In the ACCORD trial,
targeting a HbA1c level <6.0% was associated with a
22% excess mortality as compared with the standard-
therapy group. In this trial, 27% of the patients allo-
cated to the intensive therapy group experienced hy-
poglycaemia requiring assistance, and the high rate of
hypoglycaemic episodes has been advocated as one of
the possible causes of excess mortality (14). In the
VADT trial, pursuing a strict metabolic target
(HbA1c<6.5%) did not appreciably affect the risk of
macrovascular complications and total mortality (15).
Nevertheless, 21% of the patients in the intensive
group and 10% in the control group had severe hypo-



186 A. Nicolucci, M.C. Rossi

glycaemia requiring medical assistance. The presence
of a hypoglycaemic episode represented a strong pre-
dictor of major events in the following three months.

Weight gain

Despite the emphasis placed on weight loss in the
management of type 2 diabetes, and the association of
excess weight with poorer metabolic control and car-
diovascular risk profile, many antidiabetic treatments
are associated with weight gain (16).The fear of weight
gain also represents one of the major barriers to the pa-
tient acceptance of treatment; this in turn may influ-
ence physician’s decision to intensify the treatment. To
this respect, the DAWN study has documented that
50-55% of the general practitioners and nurses tend to
delay insulin therapy until absolutely necessary (17).

Insulin treatment in type 2 diabetes is typically as-
sociated with an average weight gain of 4 kg, but the
increase in weight can reach 8-10 kg in some patients.
Insulin detemir represents the only exception, as docu-
mented in several studies showing that this insulin has
less effect on body weight than other insulins (18, 19).
With the only exclusion of metformin and acarbose,
also oral agents are responsible for weight gain. In the
UKPDS, treatment with sulfonylureas was associated
with a weight gain of about 5 Kg over 10 years (20).
The effect on body weight is more prominent for first-
and second-generation sulfonylureas compared to
newer ones such as glimepiride and gliclazide (16).

The use of glitazones is also associated with
weight gain, as documented in several clinical trials.
Body weight was increased by 4 kg in three years with
pioglitazone in the PROACTIVE study (21), while
the use of rosiglitazone produced a weight gain of 5 kg
in 5 years in the ADOPT study (22) and 2 kg in 3
years in the DREAM study (23).

More recently, the results of the ACCORD trial
showed that intensive therapy aiming at a HbA1c tar-
get of <6.0% was associated with a weight gain of
more than 10 kg in 27.8% of the patients (14).

In summary, once metformin therapy at the max-
imum tolerated dose fails to maintain an adequate
metabolic control, physicians are faced with the choice
of add-on treatments that are effective in reducing
HbA1c levels, but also show important threats, repre-

sented by the risk of hypoglycaemia and weight gain.
These represent important obstacles to therapy inten-
sification and are often responsible for clinical inertia.
Given this situation, the availability of new treatments
that do not increase the risk of hypoglycaemia and
have a positive or neutral effect on body weight could
be of help in overcoming clinical inertia.

Incretin-based therapies

The incretin-based therapies represent a new po-
tential goal-oriented treatment approach (10). These
new drugs have a peculiar mechanism of action that
can impact on several possible causes of clinical iner-
tia. In fact, they are associated with lack of hypogly-
caemia and weight loss or neutrality (24, 25). There-
fore they may favour an early effective intervention
against the diabetes progression.

Physiology of Incretin Hormones

Incretins are gastrointestinal hormones released
during nutrient absorption to increase insulin secre-
tion. The two gut peptides accounting for most of the
incretin effect are

• GLP-1 (Glucagon-like peptide 1): it is synthe-
sized in L-cells primarily found in the distal
small bowel and colon.

• GIP (Glucose-dependent insulinotropic pepti-
de): it is secreted by duodenal and proximal
jejunal K cells.

Within some minutes of release from their in-
testinal sites, GIP and GLP-1 undergo rapid metabo-
lism (proteolytic cleavage) to inactive metabolites by
the enzyme dipeptidyl peptidase-IV (DPP-IV). The
small amounts of active hormones that reach the pan-
creas act on receptor sites residing on beta-cells to
stimulate insulin secretion in a glucose-dependent
manner; furthermore, GLP-1 acts on alpha cells and
inhibits the secretion of glucagon.

Incretins in the patophysiology of T2DM 

Active GLP-1 levels after glucose administration
are reduced in T2DM, even if its biological effect is
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preserved. In contrast, plasma levels of GIP are nor-
mal or slightly increased in T2DM, while its activity is
defective or absent. Thus, the blunted incretin re-
sponse in T2DM is due to both impaired secretion of
GLP-1 and defective activity of GIP.

Studies using continuous intravenous or subcuta-
neous infusions of GIP and GLP-1 in T2DM have
documented that both GLP-1 and GIP produced a
similar early insulin release, while later-phase insulin
levels were much higher with GLP-1 than GIP infu-
sion (26). Starting from these findings, only GLP-1
appeared to have potential useful clinical benefit in
T2DM.

Actions, efficacy, and safety of incretino-mimetics

Two classes of compounds have been developed:
GLP-1 mimetics, that have a longer duration of ac-
tion than GLP-1 due to a higher stability in the pres-
ence of DPP-IV, and DPP-IV inhibitors, that delay
endogenous degradation of GLP-1 and GIP, enabling
higher plasma levels of the active hormones.

Incretino-mimetics, like endogenous hormones,
act by stimulating the insulin secretion in a glucose-
dependent manner and by inhibiting the glucagon re-
lease. They also have additional actions that make
these compounds particularly interesting for the de-
velopment of new optimized therapeutic strategies:

• Hypoglycaemia: differing from other secretago-
gue drugs, incretinomimetics do not induce hy-
poglycemia due to the induction of glucose-de-
pendent insulin secretion

• Effect on satiety and body weight: GLP-1 is asso-
ciated with enhanced satiety, reduced food in-
take, and weight loss or neutrality. It remains
unclear whether the reason for the increased sa-
tiety is the slowed gastric emptying or a central
mechanism.

• Effect on beta-cell health: GLP-1 preserves beta-
cell morphology and function and reduces cel-
lular apoptosis.

• Effect on post-prandial hyperglycemia: This para-
meter represents a new recognized target of dia-
betes therapy. While other oral agents and exo-
genous insulin are unable to prevent or minimi-
ze glucagon hypersecretion in T2DM, incretins

can impact on this parameter through both the
direct inhibition of the glucagon release and the
paracrine inhibitory effect exerted by the in-
creased insulin secretion. This double mechani-
sm effectively reduces the post-prandial hyper-
glycemia and the glycaemic variability. The pre-
servation of beta-cell function represents
another factor that may contribute to the long-
term control of post-prandial hyperglycemia.

GLP-1 mimetics are administered via subcuta-
neous injection and do not require the carbohydrates
counting to estimate the most appropriate dose of
drug. Therefore, also blood-glucose self-monitoring is
not necessary, making the therapy simpler than that
with insulin.

DPP-IV inhibitors are orally administered, thus
offering a further advantage in terms of therapy com-
pliance.

As for the efficacy of incretino-mimetics, a recent
meta-analysis documented that, if compared with
placebo, GLP-1 analogues lowered HbA1c by –0.97%
(IC 95% –1.13%; –0.81%) and DPP-IV inhibitors by
–0.74% (IC 95% –0.85%; –0.62%); their efficacy was
similar to that of other hypoglycemic agents (27). In
addition, GLP-analogues decreased body weight by
1.4 Kg in comparison with placebo and by 4.8 Kg in
comparison with insulin; DPP-IV inhibitors showed a
neutral effect on body weight. All the trials included
in the meta-analysis had a duration of 30-weeks or
shorter; therefore long-term efficacy and safety still
need to be carefully evaluated.

As for the tolerability, GLP-1 analogues are associ-
ated with gastrointestinal side effects, that tend to atten-
uate after a few weeks; DPP-IV do not induce gastroin-
testinal side effects, but are associated with nasopharyn-
gitis, upper respiratory infections, and headache.

Available compounds

Table 1 summarizes the main characteristics of
the available incretin-mimetics.

Exenatide 

Exenatide is approved and commercialized as ad-
junctive treatment in T2DM suboptimally controlled
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on maximum doses of metformin, sulfonylureas or
both (10, 24, 25). More recently, the drug has been ap-
proved for use as add-on therapy in T2DM patients
not adequately controlled on a TZD. Exenatide is
twice daily administered within 60 minutes before
breakfast and dinner by a pen prefilled with 5 or 10
micrograms.

Mild-to-moderate nausea occurs in about 40% of
patients receiving twice-daily exenatide, with diarrhea
and vomiting in less than 15%. However, nausea dis-
appears within 4 weeks in most of the patients. For-
mation of antibodies to exenatide has been reported in
up to 50% of the treated patients; although they nei-
ther seem affecting the drug efficacy nor  having any
clinical effect, the long-term relevance remains to be
documented.

Recently, a FDA alert informed on 6 cases of he-
morrhagic or necrotizing pancreatitis in patients tak-
ing Byetta, suggesting to promptly discontinue the
treatment in case of suspected pancreatitis (28).

Exenatide LAR

A long-acting release (LAR) formulation of exe-
natide to be administered once weekly is currently un-
der evaluation (29). Preliminary studies show that

weekly doses of 2.0 mg reduced HbA1c by 1.7%,
starting from baseline levels of 8.5%, and reduced
body weight by 3.8 Kg after 15 weeks. This dose was
more effective than 0.8 mg and placebo. Nausea oc-
curred in 27% of patients treated with exenatide LAR
and in 15% of patients treated with placebo.

Recent data suggest that, if compared with twice
daily exenatide, one weekly administration of exe-
natide LAR is associated after 30 weeks with a high-
er likelihood to reach levels of HbA1c<7% (77% vs.
66% of patients), with an identical weight loss (about
4 Kg), and a lower frequency of nausea (26% vs. 35%),
without any hypoglycemic episode (30).

Liraglutide

Liraglutide is a GLP-1 analogue with a 97% ho-
mology with the human native hormone. Its molecu-
lar properties determine a slow release from the injec-
tion site, while its binding to albumin protects liraglu-
tide from the enzymatic activity of DPP-IV and re-
duces its renal clearance. Thanks to these characteris-
tics, liraglutide has an half-life of about 12 hours, and
may be administered once daily. LEAD 1-5 studies
(31-35) have shown that this compound significantly
reduces HbA1c levels in individuals with T2DM not

Table 1. Characteristics of available incretins

Molecule Brand Class Administration Indication Half-life Daily dose FDA/EMEA 
name in T2DM (hours) approval

Exenatide Byetta GLP- Subcutaneous Association with 2,4 5 or 10 microg Yes/yes
analogues metformin and/or  (twice daily)

sulfonylureas or 
TZDs

Liraglutide - GLP- Subcutaneous - 10-14 0.6-1.8 mg Revision/
analogues Revision

Sitagliptin Xelevia, DPP-IV Oral Monotherapy 12 100 mg Yes/yes
Januvia, inhibitors or in combination 
Tesavel with metformin 

and/or sulfonylureas 
or TZDs

Vildagliptin Galvus DPP-IV Oral Association with  1.5-4.5 25-200 mg Revision/Yes
inhibitors metformin and/or  

sulfonylureas or
TZDs
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adequately controlled with diet and physical activity,
or with other oral agents. The reduction of HbA1c
levels is greater with higher baseline HbA1c, as ob-
served with other drugs. Liraglutide also decreases
body weight up to 3 kg, and weight loss is propor-
tional to baseline BMI (36). A slight decrease in sys-
tolic blood pressure and an improvement in beta-cell
function have also been documented (37,38).

Sitagliptin

Sitagliptin is indicated for the treatment of
T2DM either as monotherapy or in combination with
metformin and/or  sulfonylureas or TZDs in patients
poorly controlled on the maximum doses of these
drugs. Monotherapy trials indicated that Sitagliptin
produced placebo-subtracted HbA1c reductions of
0.6-0.8% from a baseline of about 8.0% (39,40).
Sitagliptin in combination with metformin, glipizide,
or pioglitazone yielded a HbA1c reduction of 0.6-
0.7% when compared to placebo. The recommended
dose in most patients is 100 mg once daily. The ad-
ministration is independent of meals. Nasopharyngi-
tis, upper respiratory infections, and headache occur in
less than 3% of patients (10). Gastrointestinal distur-
bances are uncommon.

Vildagliptin

While FDA revision is ongoing, the drug has
been approved by EMEA. Vildagliptin is a very selec-
tive DPP-IV inhibitor. When compared with other
agents, its efficacy was similar to rosiglitazone and
acarbose, but lower than metformin (40). It is used in
combination with metformin, sulfonylureas, TZDs, or
insulin, reducing HbA1c by 0.5% - 1.0% (40).
Vildagliptin is well-tolerated; the most common side
effects are urinary infections and headache (10).

Conclusions

After the failure of the maximum tolerated dose
of metformin, therapy intensification requires the ad-
dition of other oral agents or insulin. All these drugs
may have threats that limit their acceptance, particu-

larly hypoglycaemia and weight gain. Furthermore,
neither oral agents nor insulin effectively counter the
progressive decline in pancreatic beta-cell function.
Incretins minimize the risk of hypoglycaemia, are
weight neutral (or promote weight loss in overweight
patients), and significantly improve beta-cell function;
they may thus greatly help in overcoming the barriers
inducing to clinical inertia and delay the use of in-
sulin.

Furthermore, all these compounds but exenatide
may be independently administered from meals, and
do not require self-monitoring, thus favoring the pa-
tient compliance. The development of extended re-
lease molecules that necessitate of less frequent ad-
ministrations will further improve the acceptance of
the treatment by the patient.

If the positive profile of efficacy and tolerability
of incretins will be confirmed in long-term studies,
this new class of drugs will represent an important
tool to help overcoming clinical inertia, reduce the
prevalence of treatment failure, and improve clinical
outcomes.
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