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Is Incretin-Based Therapy Ready for the
Care of Hospitalized Patients With Type 2

Diabetes?

Insulin therapy has proven itself and is considered the mainstay of

treatment

Significant data suggest that overt hyperglycemia, either observed with or without a prior
diagnosis of diabetes, contributes to an increase in mortality and morbidity in hospitalized
patients. In this regard, goal-directed insulin therapy has remained as the standard of care for
achieving and maintaining glycemic control in hospitalized patients with critical and noncritical
illness. As such, protocols to assist in management of hyperglycemia in the inpatient setting have
become commonplace in hospital settings. Clearly, insulin is a known entity, has been in clinical
use for almost a century, and is effective. However, there are limitations to its use. Based on the
observed mechanisms of action and efficacy, there has been a great interest in using incretin-
based therapy with glucagon-like peptide-1 (GLP-1) receptor agonists instead of, or comple-
mentary to, an insulin-based approach to improve glycemic control in hospitalized, severely ill
diabetic patients. To provide an understanding of both sides of the argument, we provide a
discussion of this topic as part of this two-part point-counterpoint narrative. In the point
narrative preceding the counterpoint narrative below, Drs. Schwartz and DeFronzo provide an
opinion that now is the time to consider GLP-1 receptor agonists as a logical consideration for
inpatient glycemic control. In the counterpoint narrative provided below, Drs. Umpierrez and
Korytkowski provide a defense of insulin in the inpatient setting as the unquestioned gold

standard for glycemic management in hospitalized settings.

third of general medicine and sur-

gery patients with and without a
known history of diabetes (1). The prev-
alence is even higher in intensive care unit
(ICU) patients and following cardiac sur-
gery, occurring in up to 80% of patients
(2). While previously thought to be an
epiphenomenon related to the acute un-
derlying illness of the hospitalization it-
self, hyperglycemia is now recognized
as a contributor to adverse outcomes in
critical and noncritically ill patients, with
higher mortality and disease-specific
morbidity (3,4).

Protocols using insulin to maintain
glycemia within a reasonable range re-
duces both mortality and morbidity
(2,5,6). In critically ill patients in ICU set-
tings, intravenously (IV) administered in-
sulin is the preferred method of achieving
recommended glycemic targets. The
short half-life of IV insulin permits rapid
dosing adjustments in response to alter-
ations in insulin sensitivity observed dur-
ing critical illness. For the majority of ICU
patients, insulin infusion is started at a
threshold of no higher than 10.0 mmol/L

H yperglycemia is reported in one-
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(180 mg/dL). Once 1V insulin is started,
glucose levels should be maintained be-
tween 6.1 and 10.0 mmol/L (110 and 180
mg/dL) (6). For patients in non-ICU set-
tings, recent guidelines (6-8) recommend
the use of subcutaneous (SC) insulin as
the preferred therapy. Scheduled basal-
bolus SC insulin therapy consisting of
long- or intermediate-acting preparations
in combination with short- or rapid-acting
analogs has been proven to be safe and
effective for glycemic management and
to reduce hospital complications includ-
ing wound infections, pneumonia, bacter-
emia, and acute renal and respiratory
failure when compared with the use of
sliding-scale insulin alone in patients
with type 2 diabetes (5).

Improved glycemic control with
insulin therapy is associated with amelio-
ration of the hormonal and proinflamma-
tory aberrations associated with stress
hyperglycemia (9,10). These include re-
ductions in counterregulatory hormones
and proinflammatory transcription fac-
tors, and potentially the formation of re-
active oxygen species (9). Insulin therapy
induces vasodilatation by stimulating

nitric oxide release and inducing expres-
sion of endothelial nitric oxide synthase
(11). Insulin-mediated inhibition of lipol-
ysis reduces circulating free fatty acid lev-
els with improved insulin sensitivity,
while inhibition of platelet aggregation
reduces thrombosis (9). The major con-
cern raised with the use of insulin therapy
in the hospital is hypoglycemia, which has
been observed primarily in studies target-
ing near normal glucose ranges of 80-110
mg/dL (6,12). This concern has prompted a
search for alternative methods of inpatient
glycemic management that are not known
to cause hypoglycemia.

Hospital use of native
glucagon-like peptide-1

and glucagon-like

peptide-1 receptor

agonist in medical and
surgical patients —In contrast to
the solid data supporting the use of
insulin in hospitalized patients, there are
only a handful of studies investigating the
use of native glucagon-like peptide-1
(GLP-1) or GLP-1 receptor agonist (GLP-
1RA) infusions in the inpatient setting.
Most of these studies are uncontrolled,
open-label, and of short-duration with
small numbers of subjects with or
without a history of diabetes (13-20)
(Table 1). The majority of these studies
were performed with the primary objec-
tive of investigating the safety and efficacy
of these agents, with the hypothesis that
GLP-1 infusions will achieve the desired
glycemic targets without the risk for hypo-
glycemia. To date, none of these benefits
have been demonstrated, and in many
GLP-1-treated patients, rescue therapy
with insulin was required to achieve and
maintain the desired glycemic targets with
no difference in the frequency of hypogly-
cemia when compared with insulin ther-
apy. In addition, there was added risk for
gastrointestinal side effects (nausea, vomit-
ing, constipation), which occurred in up to
66% of subjects (15,16,18).
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Surgical patients

In one small study of 20 subjects (5 with
type 2 diabetes) undergoing coronary
artery bypass grafting, glycemic control
and left ventricular function was com-
pared between 10 subjects (2 with type
2 diabetes) randomized to GLP-1 infu-
sions initiated 12-h preoperatively at a
dose of 1.5 pmol/kg/min and continued
for 48-h postoperatively, and 10 subjects
(3 with type 2 diabetes) assigned to stan-
dard insulin therapy (16). Standard ther-
apy was not clearly defined but included
IV insulin infusion, which was given to 5
subjects in each group. GLP-1 resulted in
better glycemic control in the pre- and
perioperative periods compared with in-
sulin therapy, but there were no differen-
ces in postoperative blood glucose (BG)
levels between treatment groups. In addi-
tion, there were no differences in insulin
levels, hemodynamic parameters, or the
number of hypoglycemic events during
the study period. Half of the GLP-1 sub-
jects required exogenous insulin in-
fusions to achieve the desired level of
glycemic control during the postoperative
period. In a different study, 20 insulin-
naive patients with type 2 diabetes were
randomly assigned to 12-h infusions of
GLP-1 (3.6 pmol/kg/min) or insulin fol-
lowing elective coronary artery bypass
grafting procedures (14). Rescue therapy
with insulin was common for BG >7.77
mmol/L in the GLP-1 group. The insulin
group received more insulin and required
more dose adjustments in the first 6 h fol-
lowing surgery. Mean BG levels were similar
in each group (7.9 * 0.3 vs. 8.1 £ 0.1
mmol) without difference in hypoglycemia.

Cardiac patients

There are several studies conducted pri-
marily to investigate the effect of GLP-1
infusions on left ventricular function in
patients following acute myocardial in-
farction complicated by severe systolic
dysfunction and in patients with conges-
tive heart failure (CHF) (15). Each of
these reports provided information on
glycemic outcomes in addition to cardio-
vascular parameters; however, none of
these studies included an insulin compar-
ison. In one small nonrandomized pilot
study, 10 patients (5 with type 2 diabetes)
received a 72-h infusion of GLP-1 (1.2
pmol/kg/min) in addition to standard
therapy alone, the latter of which was pro-
vided to 11 control subjects (4 with type 2
diabetes) (16). GLP-1 infusion was associ-
ated with reductions in glucose and insulin
levels, improvements in left ventricular

function, but some nondiabetic sub-
jects experienced hypoglycemia, and
gastrointestinal side effects (anorexia, nau-
sea, vomiting, and constipation). Simi-
larly, in an open-label nonrandomized
study, 6-week infusions of GLP-1 (1.25—
2.5 pmol/kg/min) added to standard ther-
apy in 12 subjects with CHF, 8 with type
2 diabetes resulted in improved cardio-
vascular parameters and lower glucose
levels compared with standard therapy
alone; however, there was more hypogly-
cemia and gastrointestinal side effects in
the GLP-1-treated group (17). In another
double-blind crossover study, 20 patients
without diabetes with New York Heart
Association 1T and III heart failure and
ischemic heart disease were randomized
to receive 48-h infusions of GLP-1 or pla-
cebo in random order (18). GLP-1 infu-
sions resulted in more hypoglycemia with
8 patients experiencing 9 episodes of
hypoglycemia (glucose <3.5 mmol/L)
compared with none with placebo. Five
patients were unable to complete the study
because of severe nausea and vomiting and
were excluded from analysis. Contrary to
the results in prior studies, there was no
beneficial effect of GLP-1 on left ventricular
ejection fraction, diastolic function, or
myocardial contractile function.

There are only two small uncontrolled
pilot studies investigating the use of GLP-
1RA for glycemic management in critically
ill patients (19,20). One open-label study
compared the efficacy and safety of SC ad-
ministration of exenatide at doses of 5-10 g
every 12 h (n = 6) with standard in-
tensive insulin therapy (n = 18) in severely
burned pediatric patients without diabetes.
Similar levels of glycemic control were
achieved in both groups (130 % 28 vs.
138 = 25 mg/dL) (19); however, the dose
of administered insulin was significantly
lower in the exenatide group (22 * 14
vs. 76 £ 11 unit/patients/day, P = 0.01).
Three patients receiving exenatide required
rescue therapy with SC insulin to maintain
glycemic control. The number of BG deter-
minations was identical, as was the inci-
dence hypoglycemia (0.38 events/patient/
month). There were no reported gastroin-
testinal side effects.

In another pilot nonrandomized, un-
controlled, open-label study evaluating
the safety and efficacy of IV exenatide in
40 cardiac ICU patients, 75% with type 2
diabetes (20), subjects received an initial
30-min bolus of 0.05 wg/min followed by
0.025 wg/min for 24-48 h. Exenatide in-
fusions resulted in similar mean steady-
state BG and hypoglycemic events when

Umpierrez and Korytkowski

compared with historic control subjects
treated with IV insulin infusions targeting
BG 90-119 mg/dL (n = 94) or 100-140
mg/dL (n = 39). The mean steady-state
BG in the group treated with exenatide
(139 = 41 mg/dL) was similar to that
achieved with 1V insulin therapy (115 *
36 mg/dL and 147 * 52 mg/dL, respec-
tively). Hypoglycemia (BG <70 mg/dL)
was reported in 10% of patients receiving
exenatide compared with 21 and 15% in
those treated with IV insulin (P = 0.27).
A total of 8 patients (20%) experienced
nausea because of exenatide, and 6 pa-
tients (15%) requested early termination
because of severe nausea.

Safety concerns of GLP-1

and GLP-1RA therapies in
the hospital setting —Trearment
with GLP-1 and GLP-1RA is associated
with a high incidence of gastrointestinal
side effects, as was observed in the major-
ity of reported studies (Table 1). Nausea
and vomiting can be potentially danger-
ous in hospitalized patients with altered
sensorium, who are maintained in a supine
position, or who receive sedating medica-
tions, all of which increase the risk for as-
piration pneumonia. In addition, the risk
for pancreatitis, although rarely reported
with the GLP-1 therapy, cautions against
the use of these agents in patients with ab-
dominal pain or postsurgical ileus.

The observed increase in heart rate of
2-5 bpm reported in clinical trials with
GLP-1 was also reported in several of the
inpatient studies (17,18). The mechanism
underlying the increase in heart rate has not
yet been clarified, but in at least in one re-
port was attributed to possible undetected
hypoglycemia (18). Although preliminary
cardiovascular safety analyses of GLP-1RA
demonstrate trends toward reduced car-
diovascular events (21,22), long-term
studies are needed to determine the clinical
relevance of these chronotropic effects, par-
ticularly in critically ill patients.

Current practice guidelines recom-
mend against inpatient use of oral antidi-
abetic drugs in part because of the
absence of efficacy studies as well as safety
concerns (6-8). A major limitation to in-
patient use of oral antidiabetic agents re-
lates to the delay in and unpredictable
onset of action, which prevents rapid at-
tainment of glycemic control or dose ad-
justments to meet the changing needs of
the acutely ill patient. The low risk of
hypoglycemia and good tolerability of dipep-
tidyl peptidase 4 (DPP-4) inhibitors how-
ever make them attractive considerations

care.diabetesjournals.org
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for use in hospitalized patients. At this
time however no randomized clinical trial
studies have reported on the use of these
agents in the hospital setting. A concern
with the use of DPP-4 inhibitors is the in-
crease in frequency of upper respiratory
infections observed in some preclinical
trials (23). There are no reports of an in-
crease in serious infections, but this obser-
vation raises concern for the use of these
medications in inpatients with compro-
mised immune systems, such as those un-
dergoing solid organ transplantation.

Conclusions —Since approval of ex-
enatide and sitagliptin in 2005-2006, the
use of GLP-1RA and DPP-4 inhibitors has
been widely incorporated into clinical
practice and treatment guidelines from
leading diabetes organizations for use in
outpatient settings. The question is
whether or not these agents are safe for
use in the inpatient population. It is im-
portant to emphasize that these are new
medications for which even the long-term
safety of their outpatient use remains to be
established. Tt is therefore premature to
make recommendations for their routine
use in the inpatient population.

Insulin therapy remains the standard
of care for achieving and maintaining
glycemic control in hospitalized patients
with critical and noncritical illness. In-
sulin is a known entity that has now been
in clinical use for almost a century.
Hypoglycemia, the major complication
of insulin therapy, is avoidable in the
majority of cases with appropriate use of
either intravenous or basal-bolus insulin
regimens with regular monitoring of
bedside BG levels and modification of
insulin dosage in response to changes in
clinical and nutritional status (1,7,8).

The proposed reasons for using GLP-1
therapy for the management of hypergly-
cemia in hospitalized patients include a
theoretical improvement in glucose con-
trol with low frequency of hypoglycemia,
and less nursing time to monitor BG levels
and adjust insulin doses. In the small
numbers of patients studied to date,
glycemic control with GLP-1 therapies
has been shown to be superior to placebo,
but not to insulin therapy (Table 1). In
fact, almost 50% of subjects in some stud-
ies required rescue therapy with insulin in
order to achieve and maintain glycemic
control. The frequency of hypoglycemia
was not reduced with GLP-1 therapies
compared with insulin. In addition, in the
studies investigating the frequency of BG
monitoring and nurse time, no differences

were found between insulin and GLP-1
therapies.

Novel drugs for the management of
patients with diabetes and hyperglycemia
are welcome when they are proven to be
safe in improving glycemic control and in
reducing cardiovascular and other com-
plications. The preliminary experience
with native GLP-1 is promising and has
the potential to improve cardiac function
in patients with heart failure and acute
ischemic cardiovascular events (15-17).
However, this requires further study in a
larger number of patients. It is possible
that these favorable results may extend
to the use of GLP-1RA and DPP-4 inhib-
itors; however, until the safety and effi-
cacy are addressed with large randomized
controlled clinical trials, the routine use of
these agents for inpatient glycemic con-
trol cannot be recommended.

History has taught us that despite the
potential promising effects of some drugs,
long-term and widespread use unmasks
undesirable and in some cases life-
threatening side effects resulting in the
removal of these agents from clinical use.
Recent examples from diabetes manage-
ment occurred following the introduction
of thiazolidinediones, a class of medica-
tions associated with effective glucose-
lowering properties as well as potential
cardiovascular benefits. However, trogli-
tazone was removed from the market
following reports of sometimes fatal idio-
pathic hepatic failure (24); and the use of
rosiglitazone became highly restricted fol-
lowing reports of higher mortality because
of ischemic cardiovascular events (25).
More recent observational and clinical
studies have shown an association be-
tween the use of thiazolidinediones and
increased bone fractures (26). Unitil there
are well-conducted published studies
demonstrating both the efficacy and safety
of using the potentially promising GLP-
1RA or DPP-4 inhibitors in the inpatient
setting, it is best to observe the sound prin-
ciples of evidence-based medicine and ad-
here to the well-known saying from the
12th century: All that glitters is not gold.
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