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Abstract
Purpose of Review Patients with diabetes and/or stress hyper-
glycemia requires good glycemic control in the hospital set-
ting, often requiring the use of glucose-lowering therapy.
Standard-of-care dictates that non-insulin therapy be
discontinued, with insulin therapy initiated using a basal-
bolus approach. However, insulin is associated with a high
risk for hypoglycemia and medical errors. Alternatives to in-
sulin are needed in the inpatient setting, but the cardiovascular
(CV) safety of non-insulin therapy is a concern.
Recent Findings Most studies of antidiabetic drugs have been
performed in the outpatient setting, and except for insulin
therapy, trials in the inpatient setting have been insufficient
to establish CV safety. Randomized controlled trials support
the safety of insulin with more moderate glycemic control in
the hospital, when hypoglycemia is minimized. Two recent
multicenter randomized controlled clinical trials support the
safety of sitagliptin, a dipeptidylpeptidase-4 inhibitor (DPP4i),
in hospitalized patients, although the sample sizes were likely
too small to detect CV events. Small trials suggest a possible
CV benefit of glucagon-like peptide-1 receptor agonist thera-
py. A paucity of evidence and presence of side effects and
cautions with insulin secretagogues, sodium glucose-co-
transporter-2 inhibitors, and metformin preclude their routine
use in the hospital setting.

Summary Available evidence is inadequate to evaluate the
CV safety of most antidiabetic drug classes in the hospital
setting. However, preliminary data from randomized clinical
trials suggest the potential safety of the DPP4i sitagliptin.
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Introduction

Individuals with diabetes (diagnosed or undiagnosed) and
stress hyperglycemia make up a significant proportion of hos-
pitalized patients, and current standards of care requiring good
glycemic control in the inpatient setting most often result in
the use of glucose-lowering antidiabetic drugs. Current rec-
ommendations call for the discontinuation of all non-insulin
diabetes medications and the institution of insulin therapy up-
on admission to the hospital [1, 2]. However, insulin carries
significant risk for hypoglycemia, and alternative approaches
have been proposed in selected patients, including the use of
incretin enhancers or other agents that carry low risk for hy-
poglycemia. The cardiovascular (CV) safety of newer medi-
cations for diabetes has been studied intensively in the outpa-
tient context, but data for hospitalized patients are not as ex-
tensive and often do not include CV endpoints. Clinical trial
data cannot be easily extrapolated from outpatient data to the
acute care setting since hospitalized patients with diabetes and
hyperglycemia may be at higher risk for CVevents and com-
plications. This increased risk arises from co-existing comor-
bidities as well as risks for hospital-associated complications.
Our goal was to review the available evidence for CV safety of
insulin, metformin, insulin secretagogues, incretin enhancers
(glucagon-like peptide-1 receptor agonists and dipeptidyl
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peptidase 4-inhibitors), and sodium-glucose-transporter-2 in-
hibitors in the hospital.

Clinical Studies of Diabetes Medications
in the Hospital

A recent authoritative review outlines key issues for CV dis-
ease in type 2 diabetes [3] and will not be repeated here. The
CV safety of glucose-loweringmedications has been reviewed
elsewhere [4], but much of the data reviewed relates to the
outpatient setting. The current review will highlight studies
deemed especially relevant to the inpatient setting including
randomized controlled trials when available, and larger retro-
spective analyses or meta-analyses, and will include a focus
on safety and newer antidiabetes drugs. Several classes of
medications will not be addressed because they are much less
widely used, including thiazolidinediones (which should be
discontinued upon hospital admission although their
glucose-lowering effects are expected to last for days to weeks
after discontinuation), pramlintide, colesevalam, and
bromocriptine.

Insulin

The use of insulin in the inpatient setting to manage hypergly-
cemia and diabetes is the standard of care according to current
and previous guidelines by major professional societies in-
cluding the Endocrine Society [1], the American Diabetes
Assoc ia t ion [2 ] , and the Amer i can Co l l ege o f
Endocrinology/American Diabetes Association [5]. Most of
the studies evaluating the safety and effectiveness of insulin
in the hospital setting have been performed using regular in-
sulin, NPH insulin, or older subcutaneous insulin analogs.
There are sparse data regarding CV safety of insulin analogs
in the inpatient setting, and to our knowledge, no studies have
been published regarding the use of the newer insulins/insulin
analogs (insulin degludec, glargine U-300, technosphere in-
haled insulin) in the hospital setting, so these will not be
discussed in this review. Although insulin use in the hospital
setting had been studied prior [6, 7], the Diabetes Insulin-
Glucose in Acute Myocardial Infarction (DIGAMI) study
was a landmark randomized controlled trial examining the
use of a combined glucose and insulin infusion in patients
hospitalized with acute myocardial infarction with or without
previously diagnosed diabetes in 19 hospitals across Sweden
[8]. One might speculate that patients presenting with acute
myocardial infarction are among those at highest risk for
reinfarction and in whom CV safety of an antidiabetic drug
would be of greatest concern. The target range for blood glu-
cose in DIGAMI was 126–180 mg/dL, and yet the in-hospital
mortality was not lower in the insulin infusion group as com-
pared to the conventional treatment group (9.1 vs 11.1%,

p = NS). However, patients randomized to insulin infusion
who were not on insulin prior to admission and were consid-
ered “low cardiovascular risk” experienced a 58% reduction in
in-hospital mortality (p < 0.005) and a reduction in 1-year
mortality of 52% (p < 0.002) as compared to “low cardiovas-
cular risk” patients randomized to control [9]. Furthermore,
the overall mortality for the insulin-treated group after 1 year
was 19% as compared to 26% in the control group (p < 0.005),
supporting the CV benefit of insulin therapy in the acute care
setting and beyond, since 72% of patients in the insulin-
treated group were on insulin at 1 year as compared with
49% in the control group. A 20-year follow-up study of
DIGAMI1 showed a longer median survival time in the inten-
sive treatment group [7.0 years, interquartile (IQR) range 1.8–
12.4] as compared with the control group (4.7 years, IQR 1.0–
11.4 years), with a hazard ratio for mortality of 0.83, 95% CI
of 0.70–0.98, p = 0.027 [10].

Another landmark trial of inpatient insulin therapy was
performed by van den Berghe and colleagues, and enrolled
patients admitted to the surgical intensive care unit (ICU) re-
quiring ventilatory support at a single center, irrespective of
diabetes diagnosis or presence of hyperglycemia [11]. Patients
randomized to the intensive glycemic control arm targeting
blood glucose <110 mg/dL were observed to have a marked
reduction in 1-year mortality. In patients receiving intensive
care for more than 5 days, in-hospital mortality occurred in
only 16.8% of patients as compared with 26.3% in the con-
ventional arm (p = 0.01). Furnary and colleagues compared
mortality rates in 3554 patients with diabetes undergoing cor-
onary artery bypass graft surgery receiving “sliding scale”
subcutaneous insulin between 1987 and 1991 (median blood
glucose 177 mg/dL), or continuous intravenous insulin infu-
sion between 1991 and 2001 (median blood glucose 213 mg/
dL) [12]. Although the study conclusions were limited by
factors such as the nonrandomized nature of the study which
compared sequential groups of patients over a long time peri-
od with asynchronous controls, the lower mortality rate
among patients receiving insulin infusion as compared to
those receiving subcutaneous insulin (2.5 vs 5.3%,
p < 0.0001) was impressive. These and other studies acceler-
ated the interest in glycemic control in the hospital setting and
led to major changes in hospital policies and development of
inpatient insulin-dosing protocols.

However, the NICE-SUGAR study, which enrolled pa-
tients at multiple centers and included both medical and sur-
gical ICU patients, found increased 90-day (but not 28-day)
mortality in patients randomized to intensive glycemic control
(targeting BG of 81–108 mg/dL), with an odds ratio for mor-
tality at 90-days of 1.14 for intensive control (95% confidence
interval, 1.02 to 1.28; p = 0.02) [13]. The results of the NICE-
SUGAR trial tempered enthusiasm for intensive glycemic
control in the ICU setting and helped support a more moderate
target range for glycemic control in the hospital. The recently
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published BIOMarker Study to Identify the Acute Risk of a
Coronary Syndrome–2 (BIOMArCS-2) Glucose Trial
attempted to answer the question of whether intensive glyce-
mic control in the setting of acute coronary syndrome would
decrease infarct size [14]. A total of 294 patients presenting
with acute coronary syndrome (predominantly ST-elevation
myocardial infarction) and blood glucose of 140–288 mg/dL
were randomized to receive intensive glycemic control
(targeting blood glucose 85–110 mg/dL) versus conventional
glycemic control using an intravenous insulin infusion.
Patients randomized to the conventional arm were not started
on insulin therapy unless a single blood glucose value
exceeded 288 mg/dL within the first 72 h after onset of symp-
toms of acute coronary syndrome. The primary outcome of
enzymatic infarct size was not reduced in the intensive-control
arm, although the extent of myocardial injury as measured by
myocardial perfusion scintigraphy approached statistical sig-
nificance (p = 0.07). During the brief hospital admission pe-
riod (median 3.6 days), four patients (2.9%) randomized to
intensive glucose management died as compared with only
one patient (0.7%) in the conventional arm (p = 0.37). The
composite secondary endpoint of death or a second spontane-
ous MI occurred in eight patients (5.7%) in the intensive gly-
cemic control arm versus one patient (0.7%) in the conven-
tional treatment arm (p = 0.04).

Although the results of NICE-SUGAR [13] and
BIOMArCS-2 [14] are sobering, these data do not address
the specific question of CV safety of insulin per se in the
inpatient setting, but rather the intensity of glycemic control.
Themain concern with intensive glycemic control is the mark-
edly increased risk for hypoglycemia and severe hypoglyce-
mia, and risk for CVand neurologic sequelae. Therefore, sub-
sequent analyses performed examining the relationship of hy-
poglycemia to mortality are relevant and will be discussed
briefly here [15–17]. In DIGAMI2, the rate of hypoglycemia
was significantly higher in groups 1 and 2 (each receiving the
glucose-insulin infusion) as compared with group 3 (treatment
at the discretion of the physician), but mortality and the com-
posite endpoint of mortality, nonfatal myocardial infarction or
stroke were not different between patients with or without
hypoglycemic episodes [15]. There was a higher hazard ratio
for total mortality, rate of nonfatal reinfarctions, and stroke in
patients experiencing symptomatic hypoglycemia, but this
difference was no longer significant after adjustment for pos-
sible confounding factors. Thus, data from DIGAMI2 do not
support an independent association between hypoglycemia
and subsequent CVmorbidity and mortality. However, further
analyses of the contribution of hypoglycemia to CVendpoints
in NICE-SUGAR showed that 45% of the 6026 patients in the
trial had moderate hypoglycemia defined as blood glucose of
41–70 mg/dL (74.2% of the intensive-control group and
15.8% of the conventional-control group) [16]. Overall,
3.7% of patients experienced severe hypoglycemia (blood

glucose of 40 mg/dL or lower), or 6.9% of the intensive-
control group and 0.5% of the conventional treatment group.
Whether patients experienced moderate or severe hypoglyce-
mia, the hazard ratio for mortality was increased even after
adjustment for baseline and postrandomization characteristics:
moderate hypoglycemia HR 1.41 (1.21–1.62, p < 0.001) and
severe hypoglycemia HR 2.10 (1.59–2.77, p < 0.001) [16]. A
recent study demonstrated that hypoglycemia occurring after
cardiac surgery did not increase the rate of surgical complica-
tions, but patients who experienced multiple episodes of hy-
poglycemia had a significantly increased risk of postoperative
morbidity and all-cause mortality long-term (causes un-
known) [17]. These data are extremely concerning and limit
the treatment of hyperglycemia when this cannot be accom-
plished without hypoglycemia.

Overall, insulin therapy is the standard of care for manage-
ment of hyperglycemia with or without diabetes in the hospital
setting, and data support the acute CV safety of insulin.
However, available data highlight CV safety concerns with
glycemic control that is too intensive; this may be related at
least in part to increased hypoglycemia, so antidiabetic thera-
pies that minimize or avoid hypoglycemia while still provid-
ing glycemic control in the hospital setting are needed.

Metformin

Metformin is in the biguanide class of antidiabetes drugs and
has been used for decades in the treatment of diabetes. It is
considered a first-line antidiabetic drug in the treatment of
type 2 diabetes. Since it is cleared by the kidney and carries
a risk for lactic acidosis if used in patients at higher risk for
developing lactic acidosis, it is discontinued for intravenous
contrast studies and upon hospital admission. However,
restarting metformin therapy may be appropriate after patients
are clinically stable, nearing discharge, and barring contrain-
dications. There has been great interest in metformin because
of positive data from long-term follow-up of the UKPDS [18]
and improvement in CV risk factors in numerous studies, as
reviewed previously [1, 2].

An extensive PubMed search of published English lan-
guage literature did not reveal any randomized controlled tri-
als evaluating the CV safety of metformin in the inpatient
setting, likely because of current and prior guidelines
recommending its discontinuation at hospital admission. In
the outpatient setting, clinical trials have often compared met-
formin with sulfonylureas rather than with placebo, and with
CV risk factors or risk markers as outcomes instead of evalu-
ating effects on CVoutcomes directly.

In the United Kingdom Prospective Diabetes Study
(UKPDS) of patients with newly diagnosed type 2 diabetes,
overweight patients assigned tometformin in the conventional
arm had a 42% risk reduction in diabetes-related death and a
36% risk reduction for all-cause mortality [19, 20]. In patients
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allocated to intensive glycemic control, metformin therapy
had a greater effect than sulfonylureas or insulin on all-cause
mortality and stroke. Limitations to interpretation of the
UKPDS include the crossover therapy occurring in both treat-
ment arms, confounding conclusions regarding specific ef-
fects of the glucose-lowering treatments, and a relatively small
number of CV events [21]. However, the 10-year follow-up
study for the UKPDS [18] and subsequent nonprospective
studies [22] appear to support the conclusion that metformin
therapy does not increase CVrisk and may have beneficial CV
effects in patients with type 2 diabetes, as outlined in a sys-
tematic review [23]. For the purposes of this review of CV
safety in the inpatient setting, the results of UKPDS cannot be
extrapolated directly, since it was performed in the outpatient
setting. Furthermore, the comparison group was taking sulfo-
nylureas or insulin, so distinguishing between a decrease in
CV risk with metformin versus an increase in risk with sulfo-
nylureas or insulin was difficult in this study.

Kooy and colleagues examined the effect of metformin
versus placebo on a background of insulin therapy in patients
with type 2 diabetes on a primary outcome made up of mul-
tiple components of macrovascular and microvascular disease
[24]. The composite primary outcome did not reach statistical
significance after adjustment (hazard ratio, HR of 0.92, 95%
CI 0.72–1.18, p = 0.33) [23]. The authors note that the sec-
ondary outcome of composite macrovascular disease did
reach statistical significance between groups, with lower HR
in the metformin-treated group (0.61; 95% CI 0.30–0.94,
p = 0.02), but this conclusion must be interpreted with caution
and considered to be hypothesis-generating only.
Unfortunately, a number of key factors limit interpretation of
this study to understand whether metformin has a beneficial or
neutral CV effect. The Fenofibrate Intervention and Event
Lowering in Diabetes (FIELD) study was conducted in 9795
patients with type 2 diabetes treated with diet alone, metfor-
min, or sulfonylureas in the outpatient setting and showed that
the point estimates for risk of coronary heart disease events,
total CV disease events, CHD mortality, CVD mortality, total
mortality, coronary revascularization, and other CVendpoints
were higher than with diet alone, but not significant [25].
These point estimates were higher with sulfonylureas than
with metformin, but the differences were attenuated markedly
yet not eliminated after adjustment for CV risk factors [25].
However, the CV safety of metformin in the outpatient setting
cannot be directly translated to the inpatient setting.

Overall, the available data do not provide evidence for the
safety of metformin in the inpatient setting (CVor otherwise).
The incidence of metformin-associated lactic acidosis is low
[26–28]. However, many of the contraindications and cautions
for use of metformin with conditions that increase the risk of
lactic acidosis occur in the hospital setting, such as hypoxia,
liver dysfunction, heart failure, renal dysfunction, use of intra-
venous contrast, hypovolemia, and hypotension with resulting

renal injury. Therefore, unless more data are accumulated in
the hospital setting, the use of metformin cannot be recom-
mended for most patients in the inpatient setting [29, 30],
despite the April 2016 liberalization of renal function guide-
lines by the FDA [31]. However, in hospitalized patients at
low risk for lactic acidosis, such as patients admitted electively
for minor procedures or are otherwise clinically stable (e.g.,
on an inpatient rehabilitation unit) and/or nearing discharge,
restarting metformin may be a safe option, particularly if it is
initiated at a low dose and uptitrated to the goal dose.

Insulin Secretagogues

Sulfonylureas (glipizide, glyburide, glimepiride, gliclazide,
tolbutamide, chlorpropamide) stimulate production of insulin
by pancreatic beta cells by binding to the sulfonylurea recep-
tor and blocking ATP-sensitive potassium channels in the cell
membrane. Meglitinides (repaglinide, nateglinide) work
through a similar mechanism of action. Both classes of anti-
diabetic drugs are thus “secretagogues” and stimulate insulin
secretion regardless of blood glucose.

As noted above, there is a dearth of randomized controlled
trials of sulfonylureas in the hospital setting, particularly those
that include evaluation of CV outcomes and safety. A recent
Cochrane database systematic review of randomized con-
trolled trials of insulin secretagogues in the outpatient setting
also revealed that only a small single trial with sulfonylureas
met criteria for inclusion in the meta-analysis and included
any CV endpoint [32]. The trial was deemed low-quality ev-
idence; it examined CV mortality, which was not increased
with sulfonylurea therapy versus placebo over a 3.7-year
follow-up period. On the other hand, there was a large trial
of the meglitinide analog nateglinide that was considered to
have moderate quality evidence, consisting of 9306 patients,
which showed that all-cause and CV mortality, nonfatal myo-
cardial infarction, nonfatal stroke and congestive heart failure
were not increased with nateglinide over a median follow-up
period of 6.3 years in the outpatient setting. Huang and col-
leagues published a recent cohort study of patients with type 2
diabetes hospitalized for ischemic heart disease and showed
that the risk of a composite outcome of all-cause mortality or
new onset of atrial fibrillation, stroke, heart failure, or myo-
cardial infarction was not increased with gliclazide, glyburide,
or repaglinide within 30 days of hospitalization for ischemic
heart disease [33]. However, the adjusted hazard ratios for
glyburide (0.91; 95% CI 0.78–1.05) and repaglinide (0.80;
95% CI 0.63–1.03) as compared to gliclazide trended toward
a relative benefit with glyburide or repaglinide, or conversely
an increased risk with gliclazide [33].

The main concern with use of insulin secretagogues in the
inpatient setting is the high risk of hypoglycemia, particularly
for patients with renal or hepatic impairment. Table 1 lists
relative risks for hypoglycemia of various antihyperglycemic
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drug classes (excluding SGLT2i) from a network meta-
analysis of trials performed almost exclusively in the outpa-
tient setting, showing an odds ratio of 8.86 for hypoglycemia
with sulfonylureas as compared with placebo. Risk factors for
severe hypoglycemia include HbA1c <6%, hypoglycemia un-
awareness, autonomic neuropathy, cognitive impairment, re-
nal dysfunction, previous episodes of severe hypoglycemia,
and missed meals, among other factors typically present
among inpatients [34]. Hypoglycemia increases the risk for
CV events [35]. Potential mechanisms include abnormalities
of coagulation, inflammation, endothelial dysfunction, and
activation of the sympathetic nervous system leading to ad-
verse CVoutcomes.

Overall, there is very little evidence regarding CV safety of
insulin secretagogues in the inpatient setting. The evidence
available for the outpatient setting does not indicate an in-
creased CV risk except possibly for gliclazide. Because of
the risks of hypoglycemia, the routine use of insulin secreta-
gogues cannot be recommended in the inpatient setting.

Incretin-Enhancing Therapy

Glucagon-like petide-1 (GLP-1) and gastric inhibitory poly-
peptide (GIP) are incretin hormones secreted by the gastroin-
testinal tract. They bind the GLP-1 receptor (GLP-1R) and
GIP receptor (GIPR), respectively, thereby stimulating
glucose-dependent insulin secretion. In addition to its
insulinotropic effects, GLP-1 has additional metabolic effects,
and suppresses postprandial glucagon production thus de-
creasing hepatic gluconeogenesis, controls appetite, and de-
lays gastric emptying [3, 4]. As plasma glucose rises, the
effect of GLP-1 on insulin secretion increases. Conversely,
as glucose concentration falls, its inhibitory effect on glucagon
diminishes. GLP-1 receptor agonists (GLP-1RA) are a class of
antidiabetic medications administered via subcutaneous injec-
tion that increase GLP-1 action. Dipeptidyl peptidase-4
(DPP4) is the proteolytic enzyme responsible for rapidly
degrading endogenously secreted GLP-1 and GIP. DPP4 in-
hibitors (DPP4i) are taken orally and hinder the metabolism of

GLP-1 and GIP, allowing for a 1.5–2-fold increase in incretin
activity [36].

Dipeptidylpeptidase-4 Inhibitors

There are currently four FDA-approved DPP-4 inhibitors
(DPP4i): sitagliptin, saxagliptin, linagliptin, and alogliptin.
To date, three CV safety studies have been completed, all in
the outpatient setting: the Saxagliptin Assessment of Vascular
Outcomes Recorded in Patients with Diabetes Mellitus
(SAVOR)–Thrombolysis in Myocardial Infarction (TIMI) 53
(SAVOR-TIMI 53) [37], Examination of Cardiovascular
Outcomes with Alogliptin versus Standard of Care
(EXAMINE) [38], and Trial to Evaluate Cardiovascular
Outcomes after Treatment with Sitagliptin (TECOS) [39].
Each trial demonstrated CV safety of the respective DPP4i.
The effect of linagliptin on CV endpoints is currently under
evaluation in the CARdiovascular Outcome Study of
LINAgliptin versus Glimepiride in Patients with Type 2
Diabetes trial (CAROLINA), NCT01243424.

A secondary analysis of the SAVOR-TIMI 53 study
showed an increased risk of hospitalization for heart failure
for participants treated with saxagliptin (289, 3.5%) when
compared to placebo (228, 2.8%; HR, 1.27; 95% CI, 1.07–
1.51; p = 0 .007) [40]. The mechanisms underlying the in-
creased rates of heart failure with saxagliptin are unclear.
However, the increased risk for this group has been hypothe-
sized to be due to differences in diabetes treatments between
the study groups, including a higher rate of pioglitazone use in
the saxagliptin arm as compared to the placebo arm, a drug
class known to cause or exacerbate fluid retention. Rehman
et al. completed a meta-analysis of randomized placebo-
controlled studies of DPP4i and postulated that DPP4i were
associated with significantly increased risk of hospitalization
for severe heart failure (relative risk, RR 1.13 95%, CI 1.01–
1.26) [41]. Conversely, a systematic review by Mannucci and
Monami subsequently concluded that because this meta-
analysis was weighted heavily by results of SAVOR-TIMI
53, it may have overstated the risk of HF with this class of
medication [42•]. It is unclear whether the risk of heart failure

Table 1 Odds ratio for
hypoglycemia with antidiabetic
drugs

Change in HbA1c (%) Hypoglycemia,odds ratio

Sulfonylureas −0.82* 8.86*

Meglitinides −0.71* 10.51*

DPP-4 inhibitors −0.69* 1.13

GLP-1 receptor agonists −1.02* 0.92

Basal insulin −0.88* 4.77*

Premixed insulin −1.07* 17.78*

DPP-4 dipeptidyl peptidase 4, GLP-1 glucagon-like peptide-1, HbA1c hemoglobin A1c

*Significant versus placebo

(With permission from: Connelly KA, et al. Circulation 2015:132:2345–2350) [34].
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is a class effect or is medication-specific, possibly related to
differences in specificity of inhibition of DPP-4 and/or other
related enzymes [43]. However, because of these data, the
FDA required warnings regarding the potential increased risk
of heart failure in the labels of medication containing
saxagliptin and alogliptin, and recommend that providers dis-
continue saxagliptin and alogliptin in patients who develop
heart failure [44]. A more recent secondary analysis of
TECOS examined the effect of sitagliptin in older adults
(≥75 years of age) [45]. The analysis found that in well-
controlled individuals with type 2 diabetes and CV disease,
sitagliptin did not increase the risk for the primary outcome of
major cardiac event (HR 1.1; 95% CI 0.89–1.36), death (HR
1.05; CI 0.83–1.32), heart failure hospitalization (HR 0.99; CI
0.65–1.49), severe hypoglycemia (HR 1.03; CI 0.62–1.71), or
rates of acute pancreatitis and pancreatic cancer, supporting a
neutral effect with no significant safety concerns [45].

The question of whether DPP4i lead to increased risk of
pancreatitis awaits a definitive answer. Rehman et al. found an
alarming increase in risk of acute pancreatitis with DPP4i (RR
1.79, 95% CI = 1.13–2.81) [41]. In contrast, a cohort study
performed by Azoulay, et al. did not confirm a link between
DDP4I and acute pancreatitis [46]. This difference in findings
between the Azoulay study and the Rehman meta-analysis
was attributed to differences in study populations: patients
enrolled in the cohort study had a shorter duration of diabetes
and significantly fewer microvascular complications than
those treated in the three CV outcome trials included in the
meta-analysis [41, 46].

Because of the low risk of hypoglycemia, DDP4i are a
potential option for the safe treatment of diabetes in hospital-
ized patients. Table 2 summarizes studies of antidiabetic drugs
in hospitalized patients with an emphasis on randomized con-
trolled trials. For insulin treatment, only studies performed in
the noncritical care setting were included. Inpatient hypergly-
cemia treatment with sitaglipitin has been studied [57••, 58].
Pasquel et al. examined glycemic and safety endpoints in a
multicenter, randomized controlled clinical trial of 277 pa-
tients with type 2 diabetes admitted to medical and surgical
wards and found that treatment with basal insulin plus
sitagliptin was noninferior to treatment with basal-bolus insu-
lin therapy during the study period, which lasted for up to
10 days and was limited to the duration of hospitalization.
One patient in the basal-bolus group experienced a myocardial
infarction whereas none occurred in the sitagliptin arm. Of
note, hypoglycemia did not occur less frequently in the
sitagliptin treatment arm (9 vs 12%; p = 0.45) [57••]. This
was a surprising finding given the low risk for hypoglycemia
with sitagliptin, except that both arms received correctional
insulin. Similarly, Umpierrez et al. found sitagliptin to be a
safe alternative to basal-bolus insulin therapy in the treatment
of hyperglycemia in the non-ICU setting, albeit in a pilot study
[58]. Although these data are encouraging regarding CV

safety of sitagliptin in the hospital setting, CVoutcomes were
not specifically examined in either of these trials, and the trials
may not have included sufficient sample size to answer this
question adequately.

Given recent data from SAVOR-TIMI53 and EXAMINE
of saxagliptin and alogliptin, respectively, enthusiasm for the
use of DPP4i in the hospital setting must be tempered by the
potential for increased risk for developing or exacerbating
heart failure [37, 38].

We conclude that the use of saxagliptin and alogliptin for
the treatment of inpatient hyperglycemia cannot be recom-
mended at this time. Recent clinical trials of sitaglipitin in
the inpatient setting suggest a potential reduction in hypogly-
cemia, so it may prove to be a beneficial treatment option for
inpatient hyperglycemia and may be considered for use in
patients with type 2 diabetes similar to the population enrolled
in the recent trials [57••, 58]. Clinical trial data are not avail-
able for linagliptin, but given that dose adjustment of
linagliptin is not needed even in end-stage renal disease, this
may be a better option, although the CVoutcome trial has not
been completed. None of these agents have been studied in the
ICU setting and therefore should not be used in critical illness
until enough data regarding safety can be accumulated. As
acknowledged in the 2017 Standards of Medical Care by the
American Diabetes Association, there are insufficient data re-
garding the safety of incretin-enhancing therapies to recom-
mend their use in the hospital setting [2]. More multicenter
clinical trials of DPP4i therapy are needed in the hospital
setting. Ideally, these would consist of randomized controlled
clinical trials. However, because the feasibility of this may be
limited by funding and other issues, an alternative might be
pragmatic trials in the inpatient setting, ideally multi-institu-
tional, with sufficient sample size to assess CV safety.

Glucagon-Like Peptide-1 Receptor Agonists

The currently available glucagon-like peptide-1 receptor ago-
nists (GLP-1RA) include exenatide, exenatide extended-re-
lease, liraglutide, lixisenatide, albiglutide, and dulaglutide.
Recent CV outcome trials as well as prior meta-analyses of
clinical trials involving GLP-1RA support the CV safety of
this class of drugs in the outpatient setting [63–67]. There are
limited data regarding GLP-1RA in the inpatient setting ad-
ministered via subcutaneous injection instead of via intrave-
nous infusion (Table 2). In a small short-term study, patients
with STEMI with or without diabetes were randomized in a
1:2 ratio to receive subcutaneous injection of either exenatide
(10 μg SC and 10 μg IV 5 min prior to onset of reperfusion,
then 10 μg twice daily for two more days) or placebo [68].
Infarct size (as measured by area under the curve for CKMB
and troponin I) was significantly decreased in the exenatide
group by about 40%. Cardiac magnetic resonance imaging
showed that the absolute mass of delayed enhancement was

64 Page 6 of 16 Curr Diab Rep (2017) 17: 64



T
ab

le
2

C
lin

ic
al
st
ud
ie
s
of

an
tid

ia
be
tic

dr
ug
s
in

th
e
ho
sp
ita
ls
et
tin

g

A
ut
ho
r/
tr
ia
l

Se
tti
ng

St
ud
y
de
si
gn

P
op
ul
at
io
n

In
te
rv
en
tio

n
P
ri
m
ar
y
en
dp
oi
nt

C
V
en
dp
oi
nt
/o
ut
co
m
e

In
su
lin

—
IC
U
se
tti
ng
s

B
IO

M
A
rC
S-
2,
20
13

[1
4]

IC
U

Pr
os
pe
ct
iv
e,
op
en
-l
ab
el
,

ra
nd
om

iz
ed

cl
in
ic
al
tr
ia
l

n
=
29
4
pt
s.
w
ith

A
C
S

an
d
B
G

14
0–
28
8
m
g/
da
y
w
/o

r
w
/o

hx
of

D
M

1:
1
ra
tio

to
IN

T
(B
G

80
–1
10

m
g/
dL

du
ri
ng

da
y

an
d
85
–1
39

m
g/
dL

at
ni
gh
t)
or

C
O
N
(n
o
in
su
lin

un
til

1
B
G
>
28
8
m
g/
dL

)

N
o
si
gn
if
ic
an
td

if
fe
re
nc
es

in
en
zy
m
at
ic
in
fa
rc
ts
iz
e

be
tw
ee
n
th
e
2
tr
ea
tm

en
t

gr
ou
ps

m
ea
su
re
d
by

hs
T
ro
pT

72

Se
co
nd
ar
y
C
V
ou
tc
om

es
:N

o
di
ff
er
en
ce

in
m
yo
ca
rd
ia
l,

le
ft
ve
nt
ri
cu
la
r
fu
nc
tio

n

N
IC
E
-S
U
G
A
R
,2
00
9
[1
3]

IC
U

Pa
ra
lle
l-
gr
ou
p,
ra
nd
om

iz
ed

co
nt
ro
lle
d
tr
ia
l

n
=
61
04

pt
s.
re
qu
ir
in
g

IC
U
tx

fo
r
≥3

da
ys

w
/

or
w
/o

hx
of

D
M

R
an
do
m
iz
ed

to
IN

T
(B
G

81
–1
08

m
g/
dL

)
or

C
O
N

(B
G
<
18
0
m
g/
dL

)
by

IV
in
su
lin

in
fu
si
on

3
m
on
th

m
or
ta
lit
y

in
cr
ea
se
d
in

IN
T
(2
7.
5

vs
24
.9
%
)

Se
co
nd
ar
y
C
V
ou
tc
om

es
:

de
at
h
fr
om

C
V
ca
us
e
m
or
e

co
m
m
on

in
IN

T
(4
1.
6
vs

35
.8
%
)

D
e
L
a
R
os
a,
20
08

[4
7]

M
ed
ic
al
/s
ur
gi
ca
lI
C
U

Pr
os
pe
ct
iv
e,
ra
nd
om

iz
ed
,

no
nb
lin

de
d,

si
ng
le
-c
en
te
r
cl
in
ic
al

tr
ia
l

n
=
50
4
pt
s.
re
qu
ir
in
g

IC
U
tx

fo
r
≥2

da
ys

w
/

or
w
/o

hx
of

D
M

1:
1
ra
tio

to
IN

T
(B
G

80
–1
10

m
g/
dL

)
or

SO
C

(B
G
18
0–
20
0
m
g/
dL

)
by

IV
in
su
lin

in
fu
si
on

28
da
ys

m
or
ta
lit
y
in
cr
ea
se
d

in
IN

T
(3
6.
6
vs

32
.4
%
)

N
on
e

V
IS
E
P,
20
08

[4
8]

IC
U

M
ul
tic
en
te
r,
ra
nd
om

iz
ed
,

tw
o-
by
-t
w
o
fa
ct
or
ia
lt
ri
al

n
=
53
7
pt
s.
w
ith

se
ps
is

w
/o

r
w
/o

hx
of

D
M

R
an
do
m
iz
ed

to
IN

T
(B
G

80
–1
10

m
g/
dL

)
or

C
O
N

(B
G
18
0–
20
0
m
g/
dL

)
by

IV
in
su
lin

in
fu
si
on

28
da
ys

m
or
ta
lit
y
sh
ow

ed
no

si
gn
if
ic
an
td

if
fe
re
nt

be
tw
ee
n
gr
ou
ps

(I
N
T
24
.7
%

vs
C
O
N

26
.0
%
)

T
ri
al
st
op
pe
d
ea
rl
y
du
e
to

hy
po
gl
yc
em

ia
in

IN
T

G
lu
C
on
tr
ol
,2
00
7
[4
9]

IC
U

Pr
os
pe
ct
iv
e
ra
nd
om

iz
ed

co
nt
ro
lle
d
tr
ia
l

n
=
11
01

pt
s.
re
qu
ir
in
g

IC
U
tx

fo
r
>
24

h
w
/o

r
w
/o

hx
of

D
M

R
an
do
m
iz
ed

to
IN

T
(B
G

80
–1
10

m
g/
dL

)
or

C
O
N

(B
G
14
0–
18
0
m
g/
dL

)
by

IV
in
su
lin

in
fu
si
on

A
ll-
ca
us
e
IC
U
m
or
ta
lit
y

sh
ow

ed
no

si
gn
if
ic
an
t

di
ff
er
en
tb
et
w
ee
n
gr
ou
ps

(I
N
T
17
.2
%

vs
C
O
N

15
.3
%
)

T
ri
al
st
op
pe
d
ea
rl
y
du
e
to

hi
gh

ra
te
of

un
in
te
nd
ed

pr
ot
oc
ol

vi
ol
at
io
ns

H
I-
5,
20
06

[5
0]

C
C
U

M
ul
tic
en
te
r,
op
en
-l
ab
el
,

ra
nd
om

iz
ed

co
nt
ro
lle
d

cl
in
ic
al
tr
ia
l

n
=
24
0
pt
s.
w
ith

A
M
I
or

ST
E
M
Iw

/o
rw

/o
hx

of
D
M

R
an
do
m
iz
ed

to
IN

T
(B
G

72
–1
80

m
g/
dL

)
by

IV
in
su
lin

in
fu
si
on

or
SO

C
(a
dd
iti
on
al
SQ

in
su
lin

if
B
G
>
28
8
m
g/
dL

)

N
o
si
gn
if
ic
an
td

if
fe
re
nt

in
m
or
ta
lit
y
be
tw
ee
n

gr
ou
ps

at
3
m
on
th
s
(I
N
T

7.
1%

vs
SO

C
4.
4%

)
an
d

6
m
on
th
s
(I
N
T
7.
9%

vs
SO

C
6.
1%

)

Se
co
nd
ar
y
C
V
ou
tc
om

es
:

lo
w
er
in
ci
de
nc
e
of

ca
rd
ia
c

fa
ilu

re
du
ri
ng

th
e
in
pa
tie
nt

pe
ri
od

an
d
re
in
fa
rc
tio

n
w
ith

in
3
m
on
th
s
in

th
e

IN
T

V
an

de
n
B
er
gh
e,
20
06

[5
1]

M
ed
ic
al
IC
U

Pr
os
pe
ct
iv
e,
ra
nd
om

iz
ed

co
nt
ro
lle
d
st
ud
y

n
=
12
00

w
/o

r
w
/o

hx
of

D
M

R
an
do
m
iz
ed

to
IN

T
(B
G

80
–1
10

m
g/
dL

)
or

C
O
N

(B
G
18
0–
20
0
m
g/
dL

)
by

IV
in
su
lin

in
fu
si
on

N
o
si
gn
if
ic
an
td

if
fe
re
nt

be
tw
ee
n
gr
ou
ps

in
-h
os
pi
ta
lm

or
ta
lit
y

(I
N
T
37
.3
%

vs
C
O
N

40
%
)

Se
co
nd
ar
y
C
V
ou
tc
om

es
:

H
ig
he
r
ra
te
of

ca
rd
io
va
sc
ul
ar

de
at
hs

in
IN

T
vs

C
O
N
(4
2.
2
vs

33
.3
%
)

D
IG

A
M
I
2,
20
05

[5
2]

C
C
U

D
ou
bl
e-
bl
in
de
d,

m
ul
tic
en
te
r,
ra
nd
om

iz
ed

co
nt
ro
lle
d
st
ud
y

n
=
12
53

pt
s.
w
ith

A
M
I

or
ST

E
M
Iw

/o
rw

/o
hx

of
Ty

pe
2
D
M

R
an
do
m
iz
ed

to
gr
ou
p
1
(B
G

12
6–
18
0
m
g/
dL

)
w
ith

IV
in
su
lin

in
fu
si
on

fo
llo

w
ed

by
SQ

in
su
lin

;g
ro
up

2
(B
G
12
6–
18
0
m
g/
dL

)
by

IV
in
su
lin

in
fu
si
on

fo
llo

w
ed

by
SO

C
;g
ro
up

3
SO

C

N
o
si
gn
if
ic
an
t2

ye
ar

m
or
ta
lit
y
di
ff
er
en
ce

be
tw
ee
n
gr
ou
ps

1
an
d
2

or
be
tw
ee
n
gr
ou
ps

2
an
d

3.

Se
co
nd
ar
y
C
V
ou
tc
om

es
:N

si
gn
if
ic
an
td

if
fe
re
nc
es

in
m
or
bi
di
ty

ex
pr
es
se
d
as

no
nf
at
al
re
in
fa
rc
tio

ns
an
d

st
ro
ke
s
be
tw
ee
n
th
e
3

gr
ou
ps

Fu
rn
ar
y,
20
03

[1
2]

C
C
U

Pr
os
pe
ct
iv
e
in
te
rv
en
tio

na
l

st
ud
y

n
=
35
54

pt
s
w
ith

ty
pe

2D
M

un
de
rg
oi
ng

C
A
B
G

SQ
gr
ou
p
=
in
su
lin

in
je
ct
io
ns

ev
er
y
4
h
w
ith

go
al
of

B
G
<
30
0
m
g/
dL

or
IV

in
su
lin

in
fu
si
on

w
ith

a
ra
ng
e
of

gl
uc
os
e
ta
rg
et
s

O
ve
ra
ll
m
or
ta
lit
y
w
as

si
gn
if
ic
an
tly

le
ss

in
th
e

IV
gr
ou
p
ve
rs
us

th
e
SQ

.
(2
.5
vs

5.
3%

,p
.0
00
1)
.

Sa
m
e

Curr Diab Rep (2017) 17: 64 Page 7 of 16 64



T
ab

le
2

(c
on
tin

ue
d)

A
ut
ho
r/
tr
ia
l

Se
tti
ng

St
ud
y
de
si
gn

P
op
ul
at
io
n

In
te
rv
en
tio

n
P
ri
m
ar
y
en
dp
oi
nt

C
V
en
dp
oi
nt
/o
ut
co
m
e

fr
om

10
0
to

20
0
m
g/
dL

(g
oa
ls
w
er
e
lo
w
er
ed

ov
er

th
e
10

ye
ar

st
ud
y
pe
ri
od
)

V
an

de
n
B
er
gh
e,
20
01

[1
1]

SI
C
U

Pr
os
pe
ct
iv
e,
ra
nd
om

iz
ed

co
nt
ro
lle
d
st
ud
y

n
=
15
48

pt
s.
on

m
ec
ha
ni
ca
lv

en
til
at
io
n

w
/o

r
w
/o

hx
of

D
M

R
an
do
m
iz
ed

to
IN

T
(B
G

80
–1
10

m
g/
dL

)
or

C
O
N

(B
G
18
0–
20
0
m
g/
dL

)
by

IV
in
su
lin

in
fu
si
on

Si
gn
if
ic
an
td

if
fe
re
nt

in
IC
U

m
or
ta
lit
y
be
tw
ee
n

gr
ou
ps

(I
N
T
7.
2%

vs
C
O
N
10
.9
%
)

Se
co
nd
ar
y
C
V
ou
tc
om

es
:

M
ar
ke
rs
of

in
fl
am

m
at
io
n

w
er
e
le
ss

fr
eq
ue
nt
ly

ab
no
rm

al
in

th
e
IN

T
vs

C
O
N

D
IG

A
M
I,
19
95

[8
]

C
C
U

Pr
os
pe
ct
iv
e,
ra
nd
om

iz
ed

co
nt
ro
lle
d
st
ud
y

n
=
62
0
pt
s
w
ith

ty
pe

2
D
M

an
d
A
M
I

R
an
do
m
iz
ed

to
IN

T
(B
G

12
6–
18
0
m
g/
dL

)
by

IV
in
su
lin

in
fu
si
on

or
SO

C

1
ye
ar
m
or
ta
lit
y
w
as

lo
w
er

in
IN

T
vs

SO
C
(1
8.
6
vs

26
.1
%
)

Se
co
nd
ar
y
C
V
ou
tc
om

es
:

m
or
ta
lit
y
re
du
ct
io
n
w
as

pa
rt
ic
ul
ar
ly

ev
id
en
ti
n

pa
tie
nt
s
w
ith

lo
w

ca
rd
io
va
sc
ul
ar

ri
sk

pr
of
ile

an
d
no

pr
ev
io
us

in
su
lin

tr
ea
tm

en
t

In
su
lin

—
no
n-
IC
U
se
tti
ng
s

R
A
B
B
IT

2,
20
07

[5
3]

G
en
er
al
m
ed
ic
al
fl
oo
r

M
ul
tic
en
te
r,
pr
os
pe
ct
iv
e,

op
en
-l
ab
el
,r
an
do
m
iz
ed

st
ud
y

n
=
13
0
no
ns
ur
gi
ca
lp

ts
.

w
ith

ty
pe

2
D
M

R
an
do
m
iz
ed

to
re
gu
la
r

sl
id
in
g
sc
al
e
in
su
lin

or
a

ba
sa
l-
bo
lu
s

Si
gn
if
ic
an
tly

be
tte
r
B
G

co
nt
ro
li
n
ba
sa
l-
bo
lu
s

gr
ou
ps

vs
re
gu
la
r
sl
id
in
g

sc
al
e
in
su
lin

N
on
e

R
A
B
B
IT

2
Su

rg
er
y,
20
11

[5
4]

G
en
er
al
su
rg
ic
al
fl
oo
r

M
ul
tic
en
te
r,
pr
os
pe
ct
iv
e,

op
en
-l
ab
el
,r
an
do
m
iz
ed

st
ud
y

n
=
21
1
pt
s.
ad
m
itt
ed

fo
r

ge
ne
ra
le
le
ct
iv
e
or

em
er
ge
nc
y
su
rg
er
y

w
ith

ty
pe

2
D
M

R
an
do
m
iz
ed

to
re
gu
la
r

sl
id
in
g
sc
al
e
in
su
lin

or
a

ba
sa
l-
bo
lu
s

Si
gn
if
ic
an
tly

be
tte
r
B
G

co
nt
ro
li
n
ba
sa
l-
bo
lu
s

gr
ou
ps

vs
re
gu
la
r
sl
id
in
g

sc
al
e
in
su
lin

N
on
e

B
as
al
Pl
us
,2
01
3
[5
5]

G
en
er
al

m
ed
ic
in
e/
su
rg
ic
al

fl
oo
rs

M
ul
tic
en
te
r,
pr
os
pe
ct
iv
e,

op
en
-l
ab
el
,r
an
do
m
iz
ed

st
ud
y

n
=
37
5
pt
s.
w
ith

ty
pe

2
D
M

R
an
do
m
iz
ed

2:
2:
1
ra
tio

to
ba
sa
l-
bo
lu
s
(b
ol
us

m
ea
l

an
d
co
rr
ec
tio

n
do
se
s)
,

ba
sa
lp

lu
s
(b
ol
us

co
rr
ec
tio
n
do
se
s
on
ly
),
or

re
gu
la
r
sl
id
in
g
sc
al
e

in
su
lin

B
as
al
-b
ol
us

an
d
ba
sa
lp

lu
s

re
gi
m
en
s
re
su
lte
d
in

si
m
ila
r
B
G
co
nt
ro
lw

ith
be
tte
r
co
nt
ro
lt
ha
n

sl
id
in
g
sc
al
e
in
su
lin

N
on
e

M
et
fo
rm

in
N
o
st
ud
ie
s

In
su
lin

se
cr
et
ag
og
ue
s

D
eu
se
nb
er
ry
,2
01
2
[5
6]

Te
rt
ia
ry

ca
re

ac
ad
em

ic
m
ed
ic
al
ce
nt
er

N
es
te
d
ca
se
-c
on
tr
ol

st
ud
y

n
=
23
4
pt
s.
w
ith

ty
pe

2
D
M

1:
1
ca
se

m
at
ch

w
ith

co
nt
ro
ls

(s
ex
,#

of
da
ys

tr
ea
te
d
w
ith

th
e
su
lf
on
yl
ur
ea

du
ri
ng

th
e
ho
sp
ita
liz
at
io
n)

19
%

su
lf
on
yl
ur
ea
-t
re
at
ed

pa
tie
nt
s
ex
pe
ri
en
ce
d
at

le
as
t1

ep
is
od
e
of

hy
po
gl
yc
em

ia
;M

ul
tip

le
re
gr
es
si
on

an
al
ys
is

id
en
tif
ie
d
ag
e
≥6

5,
co
nc
ur
re
nt

tr
ea
tm

en
t

w
ith

in
su
lin

an
d
G
FR

≤3
0
in
de
pe
nd
en
t

pr
ed
ic
to
rs
of

hy
po
gl
yc
em

ia

N
on
e

64 Page 8 of 16 Curr Diab Rep (2017) 17: 64



T
ab

le
2

(c
on
tin

ue
d)

A
ut
ho
r/
tr
ia
l

Se
tti
ng

St
ud
y
de
si
gn

P
op
ul
at
io
n

In
te
rv
en
tio

n
P
ri
m
ar
y
en
dp
oi
nt

C
V
en
dp
oi
nt
/o
ut
co
m
e

In
cr
et
in

E
nh
an
ce
rs
—
D
PP

4-
in
hi
bi
to
rs

Pa
sq
ue
l,
20
16

[5
7•
•]

G
en
er
al

m
ed
ic
in
e/
su
rg
ic
al

fl
oo
rs

M
ul
tic
en
te
r,
pr
os
pe
ct
iv
e,

op
en
-l
ab
el
,

no
ni
nf
er
io
ri
ty

ra
nd
om

iz
ed

cl
in
ic
al
tr
ia
l

n
=
27
9
pt
s.
w
ith

ty
pe

2
D
M

R
an
do
m
iz
ed

1:
1
to
si
ta
gl
ip
tin

pl
us

ba
sa
lo

r
ba
sa
l-
bo
lu
s

re
gi
m
en

G
ly
ce
m
ic
co
nt
ro
la
nd

L
O
S

w
er
e
si
m
ila
r
fo
r
bo
th

gr
ou
ps

N
on
e

U
m
pi
er
re
z,
20
13

[5
8]

G
en
er
al

m
ed
ic
in
e/
su
rg
ic
al

fl
oo
rs

Pi
lo
t,
m
ul
tic
en
te
r,

op
en
-l
ab
el
,r
an
do
m
iz
ed

st
ud
y

n
=
90

pt
s.
w
ith

ty
pe

2
D
M

R
an
do
m
iz
ed

si
ta
gl
ip
tin

al
on
e,
si
ta
gl
ip
tin

pl
us

ba
sa
lo

r
ba
sa
l-
bo
lu
s

re
gi
m
en

G
ly
ce
m
ic
co
nt
ro
la
nd

L
O
S

w
er
e
si
m
ila
r
fo
r
al
l

gr
ou
ps

N
on
e

R
ea
d,
20
10

[5
9]

Pt
s
ha
vi
ng

do
bu
ta
m
in
e

st
re
ss

te
st

R
an
do
m
iz
ed

co
nt
ro
lt
ri
al

N
=
14

h/
o
C
A
D
,

do
bu
tim

in
e
st
re
ss

E
C
G
;w

/o
r
w
/o

hx
of

D
M

Si
ta
gl
ip
tin

10
0
m
g
vs

pl
ac
eb
o

Im
pr
ov
ed

gl
ob
al
an
d

re
gi
on
al
LV

pe
rf
or
m
an
ce

in
re
sp
on
se

to
st
re
ss
;m

iti
ga
te
d

po
st
is
ch
em

ic
st
un
ni
ng

Sa
m
e

In
cr
et
in

en
ha
nc
er
s—

G
L
P1

-R
A

A
bu
an
na
di
,2
01
3
[6
0]

C
ar
di
ac

IC
U

Pr
os
pe
ct
iv
e,
si
ng
le
-c
en
te
r,

op
en
-l
ab
el
,

no
nr
an
do
m
iz
ed

pi
lo
t

st
ud
y

n
=
17
3
w
/o

r
w
/o

hx
of

D
M

E
xe
na
tid

e
IV

bo
lu
s
fo
llo

w
ed

by
co
nt
in
uo
us

in
fu
si
on

up
to

48
h
co
m
pa
re
d
to

tw
o

hi
st
or
ic
al
in
su
lin

in
fu
si
on

co
ho
rt
s

N
o
di
ff
er
en
ce

in
m
ea
n

st
ea
dy
-s
ta
te
B
G
be
tw
ee
n

gr
ou
ps

N
on
e

L
on
bo
rg
,2
01
2
[6
1]

C
ar
di
ac

IC
U

R
an
do
m
iz
ed
,d
ou
bl
e-
bl
in
d,

pl
ac
eb
o-
co
nt
ro
lle
d
tr
ia
l

n
=
17
2
p/
w
ST

E
M
I

tr
ea
te
d
w
ith

PC
I
w
/o

r
w
/o

hx
of

D
M

R
an
do
m
iz
ed

to
ex
en
at
id
e

in
fu
si
on

vs
pl
ac
eb
o

E
xe
na
tid

e
tr
ea
tm

en
tw

as
as
so
ci
at
ed

w
ith

a
30
%

de
cr
ea
se

in
fi
na
li
nf
ar
ct

si
ze

w
he
n
ad
m
in
is
te
re
d

≤1
32

m
in

of
sy
m
pt
om

on
se
t

Sa
m
e

M
ec
ot
t,
20
10

[6
2]

Pe
di
at
ri
c
bu
rn

IC
U

Si
ng
le
-c
en
te
r,
op
en
-l
ab
el
,

co
nt
ro
lle
d
st
ud
y

n
=
24

w
/o

r
w
/o

hx
of

D
M

R
an
do
m
iz
ed

to
ex
en
at
id
e

in
fu
si
on

or
in
su
lin

in
fu
si
on

N
o
di
ff
er
en
ce
s
in

B
G
or

gl
yc
em

ic
va
ri
ab
ili
ty

be
tw
ee
n
gr
ou
ps

si
gn
if
ic
an
tly

lo
w
er

in
su
lin

ne
ed

in
ex
en
at
id
e

gr
ou
p

N
on
e

SG
LT

2-
in
hi
bi
to
rs

N
o
st
ud
ie
s

A
C
S
ac
ut
e
co
ro
na
ry

sy
nd
ro
m
e,
A
M
Ia
cu
te
m
yo
ca
rd
ia
li
nf
ar
ct
io
n,
B
G
bl
oo
d
gl
uc
os
e,
C
A
B
G
co
ro
na
ry

ar
te
ry

by
pa
ss
gr
af
tin

g,
C
C
U
co
ro
na
ry

ca
re
un
it,
C
O
N
co
nv
en
tio

na
l,
C
V
ca
rd
io
va
sc
ul
ar
,D

M
di
ab
et
es

m
el
lit
us
,h
sT
ro
pT

72
hi
gh
-s
en
si
tiv

ity
tr
op
on
in
T
va
lu
e
72

h
af
te
ra
dm

is
si
on
,h
x
hi
st
or
y
of
,I
C
U
in
te
ns
iv
e
ca
re
un
it,
IN
T
in
te
ns
iv
e,
IV

in
tr
av
en
ou
s,
LO

S
le
ng
th
of

st
ay
,n

nu
m
be
r,
pt
s.
pa
tie
nt
s,
SO

C
st
an
da
rd

of
ca
re
,S
Q
su
bc
ut
an
eo
us
,S
TE

M
I
ST

-s
eg
m
en
te
le
va
tio

n
m
yo
ca
rd
ia
li
nf
ar
ct
io
n,
tx
tr
ea
tm

en
t,
w
/w

ith
,w

/o
w
ith

ou
t

Curr Diab Rep (2017) 17: 64 Page 9 of 16 64



significantly reduced in the exenatide group (12.8 ± 11.7 vs
26.4 ± 11.6 g; p < 0.01) [68]. In another study, 92 patients
were randomized to receive liraglutide versus placebo via SC
injection for 7 days after percutaneous coronary intervention
for STEMI. Liraglutide treatment resulted in a small improve-
ment in change in left ventricular (LV) ejection fraction of
4.1% (95% CI +1.1% to +6.9%; p < 0.001) [69]. Nozue
et al. retrospectively evaluated the effects of liraglutide on
LV remodeling in 15 patients with type 2 diabetes presenting
with acute myocardial infarction (MI). Surprisingly, A1c and
plasma glucosewere not different between groups at 6months.
However, the liraglutide-treated group exhibited less LV re-
modeling and lower LV mass index than the standard treat-
ment group [70].

Continuous infusion of GLP1-RA in a controlled setting
has been shown to decrease glucose excursions caused by
glucagon and glucocorticoids. For example, IV infusion of
exenatide was demonstrated to have a positive impact on gly-
cemic control after a mixed meal in eight healthy individuals
with steroid-induced hyperglycemia [71]. The primarily post-
prandial hyperglycemic effects of steroids occur in part
through a mechanism that can be overcome by the GLP-1
pathway in the beta cell [72]. It has been suggested that
GLP-1RAmay improve CVoutcomes by decreasing hypogly-
cemic events [73].

Several large GLP1-RA CV outcome trials have been per-
formed in the outpatient setting, and several more are expected
to be published in the near future. The LEADER study was
performed in 9340 patients taking liraglutide versus placebo over
a median of 3.8 years [63]. The primary outcomes were death
from CV causes, nonfatal MI, and nonfatal stroke and occurred
in fewer patients randomized to liraglutide as compared with
placebo (13 vs 14.9% respectively, HR 0.87, 95% CI, 0.78 to
0.97, p < 0.001 for noninferiority and p = 0.01 for superiority).
The rate of all-cause mortality was lower in the liraglutide group
(8.2%) versus placebo group (9.6%) (HR, 0.85, p5% CI, 0.74 to
0.97; p = 0.02). The SUSTAIN-6 study was performed in 3297
patients taking once weekly semaglutide versus placebo for
104 weeks [64]. The primary outcomes were death from CV
causes, nonfatal MI, and nonfatal stroke, and occurred in fewer
patients randomized to semaglutide than placebo (6.6 vs 8.9%,
respectively, HR 0.74, 95% CI, 0.58–0.95; p < 0.001 for nonin-
feriority) [64]. A reduction in stroke was the major contributor to
the primary outcome. This study supported the CV noninferior-
ity of semaglutide as compared with placebo. The ELIXA study
followed 6068 patients on lixisenatide versus placebo for a me-
dian of 25 months [65]. The primary endpoint (CV death, MI,
stroke, or hospitalization for unstable angina) occurred in 13.4%
of patients randomized to lixisenatide, and 13.2% of patients
randomized to control (HR 1.02, 95% CI, 0.89–1.17) [65], and
supports the CV noninferiority of lixisenatide (p < 0.001).
Several similar studies that are yet unpublished include
EXSCEL (exenatide weekly, NCT01144338), REWIND

(dulaglutide, NCT01394952), and HARMONY (albiglutide,
NCT02465515). These have the potential to strengthen the find-
ings of CV safety and possible benefit of GLP1-RA.

The safety of currently available GLP-1RA has not been
examined systematically in the inpatient setting in an adequate
number of patients, and more hospital-based, large-scale clin-
ical trial and pragmatic trial data are urgently needed, since
this class of medications may prove to be a good alternative to
insulin in selected acute care patient populations. This drug
class may also have the potential to provide cardiac protection,
but there are not enough data available to make this conclu-
sion. However, contraindications and precautions regarding
their use exist. GLP-1RA should not be used for patients with
thyroid cancer, multiple endocrine neoplasia, pancreatitis, or
procedures that carry an increased risk for pancreatitis (e.g.,
Whipple procedure). Given the signal for increased risk biliary
disease with liraglutide in LEADER, caution must be
exercised regarding the use of GLP-1RA in patients with
nephrolithiasis or gallbladder disease [63]. In a review of a
US commercial health insurance claims database of
antidiabetes drug-related adverse events from February 2010
to March 2013, reported events of pancreatitis, pancreatic
cancer, and thyroid cancer were examined [74]. The incidence
of reported pancreatitis with liraglutide was not significantly
higher than for non-GLP-1-based therapies (adjusted RR 1.10;
CI 0.81–1.49). The pancreatic cancer incidence rate compared
with non-GLP-1 based therapies was 19.9 versus 33.0, also
not significant (adjusted RR 0.65; 95% CI 0.26–1.60).
Elashoff et al. examined the FDA database of reported adverse
events from 2004 to 2009 and found that pancreatitis was
reported more than six times more frequently for exenatide
users when compared with other drug class therapies
(OR = 10.68; 95% CI 7.75–15.1, p < 10−16), pancreatic cancer
was 2.9 times greater (p = 9 × 10−5) compared with other drug
class therapies, and thyroid cancer was also increased
(OR = OR = 4.73; p = 0.004) [75].

Renal precautions regarding the GLP-1RA include the fol-
lowing: exenatide should not be used in patients with estimated
glomerular filtration rate (eGFR) <30 mL/min. Liraglutide is
not recommended for use in moderate to severe renal impair-
ment. Lixisenatide is not recommended for eGFR <15mL/min.
Dulaglutide and albiglutide do not have renal contraindications,
but caution is recommended should be used with initiating or
escalating doses. The major side effect of GLP-1RA is nausea.
The incidence of nausea associated with exenatide ranges from
36 to 51%, while it ranged from 10.5 to 40%with liraglutide; in
both cases, the nausea tends to subside in the weeks following
initiation of therapy [44]. Rates of nausea specific to GLP in-
fusion in the inpatient setting vary widely 0–40%, with a lower
incidence often found in very small, short-term studies [60,
76–78]. Hospitalized patients are also often at higher risk for
nausea because of need for anesthesia, gastrointestinal proce-
dures, increased risk for ileus, and side effects of narcotics and
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other medications. The potential side effect of nausea may limit
the proportion of eligible patients who would benefit from this
class in the hospital setting, and future studies must include
examination of rates of nausea associated with injections of
GLP-1RA in the hospital setting.

Sodium Glucose Transporter-2 Inhibitors (SGLT-2i)

Sodium-glucose co-transporter-2 (SGLT2) inhibitors are the
newest class of antihyperglycemic agents and decrease plasma
glucose by promoting glucose excretion by the proximal renal
tubule cells. The majority of glucose reabsorption occurs in this
location and is facilitated by SGLT2 in the upper proximal
tubule, and sodium-glucose co-transporter-1 (SGLT1) in the
distal portion of the proximal tubule. Under physiologic condi-
tions, SGLT2 plays a larger role in renal glucose reabsorption
than SGLT1. SGLT2 inhibition has been demonstrated to be an
effective way to impede renal glucose reabsorption, leading to
increased renal glucose excretion, and lower plasma glucose
levels [79, 80]. Currently, the FDA has approved the following
SGLT2 inhibitors (SGLT2i) for the treatment of type 2 diabetes
in adults: canagliflozin, dapagliflozin, and empagliflozin.

Cardiovascular benefits of SGLT2i have been the focus of
several clinical trials since this class of medication was FDA
approved for use. These have not occurred in the inpatient
setting but will be discussed briefly here in the context of CV
safety. The recently completed EMPA-REG OUTCOME trial
was a large multicenter randomized controlled trial evaluating
CVmorbidity andmortality in patients with type 2 diabetes and
established CV disease randomized to receive empagliflozin
versus placebo for approximately 3 years [81]. Baseline
HbA1c was 8%, with almost all patients enrolled in the study
already being treated with diabetes standard of care therapies,
including: metformin, antihypertensive therapy, and lipid-
lowering agents. Approximately half (48%) of patients were
on an insulin regimen prior to enrollment in the study. The
primary outcome measured in this study was death from CV
causes, nonfatal MI, or nonfatal stroke. The study provided
evidence for the CV safety of empagliflozin, and in fact dem-
onstrated a significantly lower rate of death from CV causes in
the cohort receiving empagliflozin, regardless of dose.
Additionally, the empagliflozin group had a lower rate of hos-
pitalization for heart failure, lower rate of death from any cause,
lower HbA1c levels, increased weight loss, decreased waist
circumference, and a decrease in systolic and diastolic blood
pressures when compared to placebo. The empagliflozin group
did, however, experience a small increase in LDL and HDL
cholesterol levels, and increased rate of genital infections.
Although these findings support the potential beneficial CV
effects of empagliflozin, these benefits cannot necessarily be
extrapolated to other patients at lower CV risk, with a presum-
ably higher number-needed-to-treat. The benefits of this medi-
cation were seen in a very high risk population with well-

established CV disease at baseline. Although the mechanisms
have yet to be elucidated, it is likely that extra-glycemic effects
of this medication played major roles in the CV outcomes.
Overall, it is unclear if similar CV effects would be seen in
patients without established CV disease who take
empagliflozin. The large number of hospitalized patients with
well-established CV disease make empagliflozin a very attrac-
tive potential therapy for this particular setting. However, the
acuity and highly dynamic status of hospitalized patients limit
the extrapolation of these data to the inpatient setting.More data
regarding the safety of this antidiabetic drug class and its CV
effects in the inpatient population would be needed to support
its use [60, 82].

The CANagliflozin cardioVascular Assessment Study
(CANVAS; trial number NCT01032629) was a postmarketing
FDA requirement to assess risk for major adverse cardiac
events in patients with type 2 diabetes treated with
canagliflozin. The study compared placebo to canagliflozin
with regard to CV death, myocardial infarction, and stroke
in patients with poorly controlled type 2 diabetes either with
a history of CV events or who are at very high risk for an
event. The results were presented and published in June
2017 and show decreased of the primary composite cardiovas-
cular endpoint with canagliflozin [83, 84]. The Dapagliflozin
Effect on CardiovascuLAR Events study (DECLARE-TIMI
58; trial number NCT01730534) is also underway and
projected to be completed by April 2019. Similar to the above
studies, this trial aims to evaluate the effectiveness of
dapagliflozin in decreasing CV events such as myocardial
infarction, ischemic stroke, and CV-related death as compared
to placebo. This study also requires participants to have been
diagnosed with type 2 diabetes prior to enrollment, and be at
high risk for experiencing a CVevent [84].

All of the previously mentioned studies on the CV safety of
SGLT2i’s are limited to the ambulatory setting. Although out-
comes demonstrated in trials such as EMPA-REG show great
promise and potential for significant CVadvantages with this
class of medication, it is unclear if these benefits extend be-
yond patients with established CV disease or if these benefits
can be expected in the acute care patient group. Therefore,
these studies alone are insufficient in demonstrating the safety
of SGLT2i’s for either glycemic control or CV health in the
hospitalized patient.

The use of SGLT2i in certain patient populations is contra-
indicated. For example, patients with type 1 diabetes, type 2
diabetes that is ketosis prone, and those with an estimated glo-
merular filtration rate <60 mL/min (dapagliflozin), or <45 mL/
min (canagliflozin and empagliflozin) should not be prescribed
this class of medication. This is particularly important for hos-
pitalized patients with potentially fluctuating renal status, and
an increased likelihood of requiring IV contrast studies or med-
ication therapies that can impede renal function [79]. An in-
creased rate of urinary tract infections and balanitis has also
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been reported with SGLT2i, some with potentially fatal
urosepsis, which limits its use in the hospital setting [79]. The
osmotic diuresis and subsequent orthostatic hypotension that
can occur with SGLT2i increase risk for falls. Hospitalized
patients are already at higher risk for falls, thus a medication
that could increase this risk must be used only with extreme
caution [79]. Reports of diabetic ketoacidosis in patients pre-
senting with euglycemic plasma glucose levels has also oc-
curred at higher rates in patients taking SGLT2i. In May of
2015, the FDA released a “Drug Safety Communication” re-
garding the increased risk of ketoacidosis with SGLT2i in both
patients with type 1 and type 2 diabetes. All of the cases re-
quired hospitalization, and most presented with euglycemia or
blood glucoses levels that are typically inconsistent with
ketoacidosis (<250 mg/dL) [85].

SGLT2i are not considered a first-line treatment for type 2
diabetes and should not be utilized in this capacity either in the
ambulatory or inpatient setting. The data available provides

evidence to support the use of SGLT2i in certain patient pop-
ulations as a monotherapy, dual or triple therapy, and in con-
junction with insulin in the ambulatory setting only. The dy-
namic status of hospitalized patients and the many contraindi-
cations decrease the suitability of SGLT2i for most inpatient
scenarios. Starting a hospitalized patient on these medications
may only be appropriate for those who have been established
on them as an outpatient, are stable on floor status, are prepar-
ing for immediate discharge, and who do not meet any of the
above contraindications for administration.

Balancing Benefits Versus Risks—Clinical
Recommendations

Unfortunately, the level of evidence for CV risk of most anti-
diabetic drugs for the hospitalized patient is low. However, a
suggested algorithm for antidiabetes drug therapy in the

Fig. 1 Schematic of an algorithm suggested by the authors for use of
antidiabetes drugs in the hospita l set t ing. *Evidence for
dipeptidylpeptidase-4 inhibitor (DPP4i) therapy is still limited and must
be used with caution. DPP4i must be dose-adjusted for renal function
except for linagliptin. The use of saxagliptin or alogliptin would not be
recommended in the setting of known or suspected heart failure until
further clinical trial information is available. Restarting metformin may

be considered in select patients who are nearing discharge who are not at
high risk for metabolic acidosis or are clinically stable on an inpatient
rehabilitation or psychiatric unit. BG blood glucose, DKA diabetic
ketoacidosis, DPP4i dipeptidylpeptidase-4 inhibitor, GB gallbladder,
IVgtt intravenous drip, MI myocardial infarction, NPO nil per os, POC
point-of-care, rehab rehabilitation facility, SNF skilled nursing facility
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hospital setting is presented in Fig. 1 and represents the authors’
opinions based on the available evidence, as well as clinical
experience. The authors agree that insulin is and should be the
mainstay treatment for inpatient diabetes control, as recom-
mended by current guidelines [1, 2]. Improved insulin infusion
protocols with use of computerized algorithms, continuous pro-
cess improvement regarding timing of insulin dosing with
meals, modification of doses for NPO status, hospital-wide
staff education, and conservative dosing in acute kidney injury
and elderly patients are among the many strategies that need to
be implemented to minimize and avoid hypoglycemia, thus
reducing the risk of harmful CVeffects [13, 14, 47, 48]; insulin
protocols with prevention of hypoglycemia have been shown
to constitute safe treatment for hyperglycemia in both the ICU
[11, 12, 49–52] and non-ICU settings [53–55].

Incretin-enhancing therapy provides an alternative/
amendment to insulin use in the inpatient setting. These drug
classes can improve glycemic control, decrease the need for
insulin, and are associated with lower risk of hypoglycemia in
the absence of insulin or sulfonylureas. Robust outpatient
studies demonstrate CV safety, and some studies even show
possible CV benefit [62]. Recent randomized controlled trials
have shown a potential role for DPP-4i in the non-ICU setting.
Limited studies have shown that the use of GLP-1RA in the
hospital may provide cardioprotective benefits that are worth
pursuing, along with the benefit of decreased hypoglycemia in
patients with diabetes and stress/steroid-induced hyperglyce-
mia, although this drug class may be limited by nausea [56,
65–70]. The American Diabetes Association guidelines for
inpatient diabetes management states that while there hope
for use of incretins in the inpatient setting, the proof of incretin
safety and efficacy compared with standard therapies awaits
the results of further randomized controlled trials [2].

Although the use of metformin is not recommended upon
admission to the hospital or ICU, re-instituting metformin
therapy may be considered in patients who are nearing dis-
charge and are clinically stable with good renal function, pul-
monary, and cardiac status without increased risk for metabol-
ic acidosis, or on an inpatient rehabilitation or psychiatry unit.

For clinically stable patients who are eating, do not require
or are not good candidates for basal-bolus insulin therapy, and
whose discharge plan includes sulfonylurea therapy, institut-
ing sulfonylurea therapy prior to discharge may assist with
assessment of glycemic control on a proposed home diabetes
regimen [59].

SGLT2i are currently not recommended in the inpatient set-
ting. Although a CV benefit of empagliflozin was demonstrat-
ed in the EMPA-REG OUTCOME and the CANVAS trials
[81, 84], this was in patients with type 2 diabetes with
established CV disease or at high CVD risk in the outpatient
setting only [81]. Overall, SGLT2i have typically been shown
to produce a moderate improvement in glycemic control,
weight loss, decrease in systolic blood pressure, and have a

low risk of hypoglycemia (unless combined with another agent
prone to hypoglycemia, such as a sulfonylurea). However, this
class of medication is also associated with higher rates of gen-
ital and urinary tract infections (more common in women) can
cause hypotension and hypovolemia secondary to osmotic di-
uresis, are high in cost, and are associated with ketoacidosis in
some patients, lessening the enthusiasm for the use of this class
of antidiabetic drugs in the hospital setting.

Conclusions

A plethora of new treatments for diabetes have become avail-
able in the last 15 years. While most of these antidiabetic drugs
have undergone extensive clinical trials in the outpatient set-
ting, very few (if any) randomized controlled studies have been
performed to validate their use in the ICU or non-ICU hospital
setting. Furthermore, available studies were not necessarily de-
signed to examine the benefits/risks of the pharmacologic treat-
ment per se versus degree of glycemic control. We conclude
that in a select inpatient population, use of a DPP4i may be a
good option to reduce risk for hypoglycemia while maintaining
glycemic control when used alongside bolus insulin. As pa-
tients approach discharge, it may be feasible to restart home
oral antidiabetic agents such as metformin and/or insulin secre-
tagogues to better assess glycemic control on a proposed home
regimen as part of a personalized discharge plan [2]. More
multicenter clinical trials of glucose-lowering therapies are
needed in the hospital setting. Ideally, these would consist of
randomized, controlled, clinical trials. However, an alternative
might be pragmatic trials in the inpatient setting, ideally multi-
institutional, with sufficient sample size to assess overall safety
and effectiveness for improving clinical outcomes.

Compliance with Ethical Standards

Conflict of Interest Stacey A. Seggelke, Mark C. Lindsay, Ingrid
Hazlett, Rebecca Sanagorski, Robert H. Eckel, and Cecilia C. Low
Wang declare that they have no conflict of interest.

Human and Animal Rights and Informed Consent This article does
not contain any studies with human or animal subjects performed by any
of the authors.

References

Papers of particular interest, published recently, have been
highlighted as:
• Of importance
•• Of major importance

1. Umpierrez G, Hellman R, Korytkowski M, KosiborodM,Maynard
G, Montori V, et al. Management of hyperglycemia in hospitalized

Curr Diab Rep (2017) 17: 64 Page 13 of 16 64



patients in non-critical care setting: an endocrine society clinical
practice guideline. J Clin Endocrinol Metab. 2012;97:16–38. doi:
10.1210/jc.2011-2098.

2. American Diabetes Association. 14. Diabetes care in the hospital.
Diabetes Care. 2017;40:S120–7. doi:10.2337/dc17-S017.

3. Low Wang C, Hess C, Hiatt W, Goldfine A. Clinical update: car-
diovascular disease in diabetes mellitus. Circulation.
2016;2016(133):2459–502. doi:10.1161/CIRCULATIONAHA.
116.022194.

4. Ferrannini E, DeFronzo R. Impact of glucose-lowering drugs on
cardiovascular disease in type 2 diabetes. Eur Heart J. 2015;36:
2288–96. doi:10.1093/eurheartj/ehv239.

5. Moghissi ES, Korytkowski MT, DiNardo M, Einhorn D, Hellman
R, et al. American Associaton of Clinical Endocrinologists;
American Diabetes Association. American Association of Clinical
Endocrinologists and American Diabetes Association consensus
statement on inpatient glycemic control. Diabetes Care.
2009;32(6):1119–31. doi:10.2337/dc09-9029.

6. Rackley C, Russel R, Rogers W, Mantle J, McDaniel H, Papapietro
S. Clinical experience with glucose-insulin-potassium therapy in
acute myocardial infarction. Am Heart J. 1981;102:1038–49.

7. Clark R, English M, McNeill G, Newton R. Effect of intravenous
infusion of insulin in diabetics with acute myocardial infarction. Br
Med J. 1985;291:303–5.

8. Malmberg K, Rydén L, Efendic S, Herlitz J, Nicol P, Waldenström
A, et al. Randomized trial of insulin-glucose infusion followed by
subcutaneous insulin treatment in diabetic patients with acute myo-
cardial infarction (DIGAMI study): effects on mortality at 1 year. J
Am Coll Cardiol. 1995;26(1):57–65.

9. Malmberg K, Rydén L, Hamsten A, Herlitz J, Waldenström A,
Wedel H. Effects of insulin treatment on cause-specific one-year
mortality and morbidity in diabetic patients with acute myocardial
infarction. DIGAMI Study Group. Diabetes insulin-glucose in
acute myocardial infarction. Eur Heart J. 1996;17(9):1337–44.

10. Ritsinger V, Malmberg K, Mårtensson A, Rydén L, Wedel H,
Norhammar A. Intensified insulin-based glycaemic control after
myocardial infarction: mortality during 20 year follow-up of the
randomised diabetesmellitus insulin glucose infusion in acute myo-
cardial infarction (DIGAMI 1) trial. Lancet Diabetes Endocrinol.
2014;2(8):627–33. doi:10.1016/S2213-8587(14)70088-9.

11. van den Berghe G, Wouters P, Weekers F, Verwaest C, Bruyninckx
F, Schetz M, et al. Intensive insulin therapy in critically ill patients.
N Engl J Med. 2001;345(19):1359–67.

12. Furnary AP, Gao G, Grunkemeier GL, Wu Y, Zerr KJ, Bookin SO,
et al. Continuous insulin infusion reduces mortality in patients with
diabetes undergoing coronary artery bypass grafting. J Thorac
Cardiovasc Surg. 2003;125(5):1007–21.

13. NICE-SUGAR Study Investigators, Finfer S, Chittock DR, Su SY,
Blair D, Foster D, et al. Intensive versus conventional glucose con-
trol in critically ill patients. N Engl J Med. 2009;360(13):1283–97.
doi:10.1056/NEJMoa0810625.

14. de Mulder M, Umans VA, Cornel JH, van der Zant FM, Stam F,
Oemrawsingh RM, et al. Intensive glucose regulation in hypergly-
cemic acute coronary syndrome: results of the randomized
BIOMarker study to identify the acute risk of a coronary
syndrome-2 (BIOMArCS-2) glucose trial. JAMA Intern Med.
2013;173(20):1896–904. doi:10.1001/jamainternmed.2013.10074.

15. Mellbin LG, Malmberg K, Waldenström A, Wedel H, Rydén L,
DIGAMI 2 investigators. Prognost ic implications of
hypoglycaemic episodes during hospitalisation for myocardial in-
farction in patients with type 2 diabetes: a report from the DIGAMI
2 trial. Heart. 2009;95(9):721–7. doi:10.1136/hrt.2008.152835.

16. Study Investigators NICE-SUGAR, Finfer S, Liu B, Chittock DR,
Norton R, Myburgh JA, et al. Hypoglycemia and risk of death in
critically ill patients. N Engl J Med. 2012;367(12):1108–18. doi:10.
1056/NEJMoa1204942.

17. Lowden E, Schmidt K, Mulla I, Andrei AC, Cashy J, Oakes DJ,
et al. Evaluation of outcomes and complications in patients who
experience hypoglycemia after cardiac surgery. Endocr Pract.
2017;23(1):46–55. doi:10.4158/EP161427.OR.

18. Holman RR, Paul SK, Bethel MA,MatthewsDR, Neil HA. 10-year
follow-up of intensive glucose control in type 2 diabetes. N Engl J
Med. 2008;359(15):1577–89. doi:10.1056/NEJMoa0806470.

19. UK Prospective Diabetes Study (UKPDS) Group. Intensive blood-
glucose control with sulphonylureas or insulin compared with con-
ventional treatment and risk of complications in patients with type 2
diabetes (UKPDS 33). Lancet. 1998;352:837–53.

20. UK Prospective Diabetes Study (UKPDS) Group. Effect of inten-
sive blood-glucose control with metformin on complications in
overweight patients with type 2 diabetes (UKPDS 34). Lancet.
1998;352(9131):854–65.

21. Genuth S, Eastman R, Kahn R, Klein R, Lachin J, Lebovitz H,
et al., American Diabetes Association. Implications of the United
Kingdom Prospective Diabetes Study. Diabetes Care. 2002;25:
S28–32.

22. Schramm TK, Gislason GH, Vaag A, Rasmussen JN, Folke F,
HansenML, et al. Mortality and cardiovascular risk associated with
different insulin secretagogues compared with metformin in type 2
diabetes, with or without a previous myocardial infarction: a na-
tionwide study. Eur Heart J. 2011;32:1900–8. doi:10.1093/
eurheartj/ehr077.

23. Selvin E, Bolen S, Yeh HC, Wiley C, Wilson LM, Marinopoulos
SS, et al. Cardiovascular outcomes in trials of oral diabetes medi-
cations: a systematic review. Arch Intern Med. 2008;68:2070–80.
doi:10.1001/archinte.168.19.2070.

24. Kooy A, de Jager J, Lehert P, Bets D, Wulffelé MG, Donker AJ,
et al. Long-term effects of metformin on metabolism and microvas-
cular and macrovascular disease in patients with type 2 diabetes
mellitus. Arch Intern Med. 2009;169(6):616–25. doi:10.1001/
archinternmed.2009.20.

25. Sullivan D, Forder P, Simes J, Whiting M, Kritharides L, Merrifield
A, et al., FIELD Study Investigators. Associations between the use
of metformin, sulphonylureas, or diet alone and cardiovascular out-
comes in 6005 people with type 2 diabetes in the FIELD study.
Diabetes Res Clin Pract. 2011;94(2):284–90. doi:10.1016/j.
diabres.2011.07.028.

26. Eurich DT, Weir DL, Majumdar SR, Tsuyuki RT, Johnson JA,
Tjosvold L, et al. Comparative safety and effectiveness of metfor-
min in patients with diabetes mellitus and heart failure: systematic
review of observational studies involving 34,000 patients. Circ
H e a r t F a i l . 2 0 1 3 ; 6 ( 3 ) : 3 9 5 – 4 0 2 . d o i : 1 0 . 1 1 6 1 /
CIRCHEARTFAILURE.112.000162.

27. DeFronzo R, Fleming GA, Chen K, Bicsak TA. Metformin-
associated lactic acidosis: current perspectives on causes and risk.
Metabolism. 2016;65(2):20–9. doi:10.1016/j.metabol.2015.10.
014.

28. Inzucchi SE, Lipska KJ, Mayo H, Bailey CJ, McGuire DK.
Metformin in patients with type 2 diabetes and kidney disease: a
systematic review. JAMA. 2014;312(24):2668–75. doi:10.1001/
jama.2014.15298.

29. Cucchiari D, Podestà MA, Merizzoli E, Calvetta A, Morenghi E,
Angelini C, et al. Dose-related effects of metformin on acid-base
balance and renal function in patients with diabetes who develop
acute renal failure: a cross-sectional study. Acta Diabetol.
2016;53(4):551–8. doi:10.1007/s00592-016-0836-2.

30. Ozeki T, Kawato R, Watanabe M, Minatoguchi S, Murai Y, Ryuge
A, et al. A fatal case of metformin-associated lactic acidosis. Intern
Med. 2016;55(7):775–8. doi:10.2169/internalmedicine.55.5415.

31. FDA. FDA Drug Safety Communication: FDA revises warnings
regarding use of the diabetes medicine metformin in certain patients
with reduced kidney function http://www.fda.gov/Drugs/
DrugSafety/ucm493244.htm. Accessed 6 Jan 2017.

64 Page 14 of 16 Curr Diab Rep (2017) 17: 64

http://dx.doi.org/10.1210/jc.2011-2098
http://dx.doi.org/10.2337/dc17-S017
http://dx.doi.org/10.1161/CIRCULATIONAHA.116.022194
http://dx.doi.org/10.1161/CIRCULATIONAHA.116.022194
http://dx.doi.org/10.1093/eurheartj/ehv239
http://dx.doi.org/10.2337/dc09-9029
http://dx.doi.org/10.1016/S2213-8587(14)70088-9
http://dx.doi.org/10.1056/NEJMoa0810625
http://dx.doi.org/10.1001/jamainternmed.2013.10074
http://dx.doi.org/10.1136/hrt.2008.152835
http://dx.doi.org/10.1056/NEJMoa1204942
http://dx.doi.org/10.1056/NEJMoa1204942
http://dx.doi.org/10.4158/EP161427.OR
http://dx.doi.org/10.1056/NEJMoa0806470
http://dx.doi.org/10.1093/eurheartj/ehr077
http://dx.doi.org/10.1093/eurheartj/ehr077
http://dx.doi.org/10.1001/archinte.168.19.2070
http://dx.doi.org/10.1001/archinternmed.2009.20
http://dx.doi.org/10.1001/archinternmed.2009.20
http://dx.doi.org/10.1016/j.diabres.2011.07.028
http://dx.doi.org/10.1016/j.diabres.2011.07.028
http://dx.doi.org/10.1161/CIRCHEARTFAILURE.112.000162
http://dx.doi.org/10.1161/CIRCHEARTFAILURE.112.000162
http://dx.doi.org/10.1016/j.metabol.2015.10.014
http://dx.doi.org/10.1016/j.metabol.2015.10.014
http://dx.doi.org/10.1001/jama.2014.15298
http://dx.doi.org/10.1001/jama.2014.15298
http://dx.doi.org/10.1007/s00592-016-0836-2
http://dx.doi.org/10.2169/internalmedicine.55.5415
http://www.fda.gov/Drugs/DrugSafety/ucm493244.htm
http://www.fda.gov/Drugs/DrugSafety/ucm493244.htm


32. Hemmingsen B, Sonne DP, Metzendorf MI, Richter B. Insulin se-
cretagogues for prevention or delay of type 2 diabetes mellitus and
its associated complications in persons at increased risk for the
development of type 2 diabetes mellitus (Review). Cochrane
Database of Systematic Reviews. 2016;10:CD012151. doi:10.
1002/14651858.CD012151.pub2.

33. Huang Y, Abdelmoneim AS, Light P, Qiu W, Simpson SH.
Comparative cardiovascular safety of insulin secretagogues follow-
ing hospitalization for ischemic heart disease among type 2 diabetes
patients: a cohort study. J Diabetes Complicat. 2015;29(2):196–
202. doi:10.1016/j.jdiacomp.2014.11.012.

34. Connelly KA, Yan AT, Leiter LA, Bhatt DL, Verma S.
Cardiovascular implications of hypoglycemia in diabetes mellitus.
C i r c u l a t i o n . 2 0 1 5 ; 1 3 2 : 2 3 4 5 – 5 0 . d o i : 1 0 . 1 1 6 1 /
CIRCULATIONAHA.115.015946.

35. Frier BM, Schernthaner G, Heller SR. Hypoglycemia and cardiovas-
cular risks. Diabetes Care. 2011;34:S132–7. doi:10.2337/dc11-s220.

36. DeFronzo RA, Okerson T, Viswanathan P, Guan X, Holcombe JH,
MacConell L. Effects of exenatide versus sitagliptin on postprandial
glucose, insulin and glucagon secretion, gastric emptying, and ca-
loric intake: a randomized, cross-over study. Curr Med Res Opin.
2008;24:2943–52. doi:10.1185/03007990802418851.

37. Scirica BM, Bhatt DL, Braunwald E, Steg PG, Davidson J,
Hirshberg B, et al., SAVOR-TIMI 53 Steering Committee and
Investigators. Saxagliptin and cardiovascular outcomes in patients
with type 2 diabetes mellitus. N Engl J Med. 2013;369(14):1317–
26. doi:10.1056/NEJMoa1307684.

38. WhiteWB, Bakris GL, Bergenstal RM, Cannon CP, CushmanWC,
Fleck P, et al. EXamination of cArdiovascular outcoMes with
alogliptIN versus standard of carE in patients with type 2 diabetes
mellitus and acute coronary syndrome (EXAMINE): a cardiovas-
cular safety study of the dipeptidyl peptidase 4 inhibitor alogliptin
in patients with type 2 diabetes with acute coronary syndrome. Am
Heart J. 2011;162(4):620–6. doi:10.1016/j.ahj.2011.08.004.

39. Cornel JH, Bakris GL, Stevens SR, AlvarssonM, BaxWA, Chuang
LM, et al., TECOS Study Group. Effect of sitagliptin on kidney
function and respective cardiovascular outcomes in type 2 diabetes:
outcomes from TECOS. Diabetes Care. 2016;39(12):2304–10. doi:
10.2337/dc16-1415.

40. Scirica BM, Braunwald E, Raz I, Cavender MA, Morrow DA,
Jarolim P, et al. Heart failure, saxagliptin and diabetes mellitus:
observations from the SAVOR - TIMI 53 randomized trial.
C i r cu l a t i on . 2014 ;130 (18 ) : 1579–88 . do i : 10 . 1161 /
CIRCULATIONAHA.114.010389.

41. Rehman MB, Tudrej BV, Soustre J, Buisson M, Archambault P,
Pouchain D, et al. Efficacy and safety of DPP-4 inhibitors in pa-
tients with type 2 diabetes: meta-analysis of placebo-controlled ran-
domized clinical trials. Diabetes Metab. 2016:S1262–3636. doi:10.
1016/j.diabet.2016.09.005.

42.• Mannucci E, Monami M. Cardiovascular safety of incretin-based
therapies in type 2 diabetes: systematic review of integrated analy-
ses and randomized controlled trials. Adv Ther. 2017;34(1):1–40.
doi:10.1007/s12325-016-0432-4. This is a recent meta-analysis
of the CV safety of two classes of antidiabetic drugs with low
risk for hypoglycemia in the outpatient setting and may play a
potential role in hospitalized patients

43. Coch RW, Green JB. Current cardiovascular outcomes trials in type
2 diabetes: perspectives and insight. Nutr Metab Cardiovasc Dis.
2016;26(9):767–72. doi:10.1016/j.numecd.2016.06.004.

44. FDA. FDA Drug Safety Communication: FDA adds warnings
about heart failure risk to labels of type 2 diabetes medicines con-
taining saxagliptin and alogliptin. http://www.fda.gov/Drugs/
DrugSafety/ucm486096.htm. Retrieved December 24,2016.

45. Bethel MA, Engel SS, Green JB, Huang Z, Josse RG, Kaufman
KD, et al., TECOS Study Group. Assessing the safety of sitagliptin
in older participants in the Trial Evaluating Cardiovascular

Outcomes With Sitagliptin (TECOS). Diabetes Care. 2017; doi:
10.2337/dc16-1135.

46. Azoulay L, Filion KB, Platt RW, Dahl M, Dormuth CR, Clemens
KK, et al. Association between incretin-based drugs and the risk of
acute pancreatitis. JAMA Intern Med. 2016;176(10):1464–73. doi:
10.1001/jamainternmed.2016.1522.

47. De La Rosa GC, Donado JH, Restrepo AH, Quintero AM,
González LG, Saldarriaga NE, et al., Grupo de Investigacion en
Cuidado intensivo: GICI-HPTU. Strict glycaemic control in pa-
tients hospitalised in a mixed medical and surgical intensive care
unit: a randomised clinical trial. Crit Care. 2008;12(5):R120. doi:
10.1186/cc7017.

48. Brunkhorst FM, Engel C, Bloos F, Meier-Hellmann A, Ragaller M,
Weiler N, et al., German Competence Network Sepsis (SepNet).
Intensive insulin therapy and pentastarch resuscitation in severe
sepsis. N Engl J Med. 2009;358(2):125–39. doi:10.1056/
NEJMoa070716.

49. Preiser JC, Devos P, Ruiz-Santana S, Mélot C, Annane D,
Groeneveld J, et al. A prospective randomised multi-centre con-
trolled trial on tight glucose control by intensive insulin therapy
in adult intensive care units: the Glucontrol study. Intensive Care
Med. 2009;35(10):1738–48. doi:10.1007/s00134-009-1585-2.

50. Cheung NW, Wong VW, McLean M. The Hyperglycemia:
Intensive Insulin Infusion in Infarction (HI-5) study: a randomized
controlled trial of insulin infusion therapy for myocardial infarc-
tion. Diabetes Care. 2006;29(4):765–70. doi:10.2337/diacare.29.
04.06.dc05-1894.

51. Van den Berghe G, Wilmer A, Hermans G, Meersseman W,
Wouters PJ, Milants I, et al. Intensive insulin therapy in the medical
ICU. N Engl J Med. 2006;354(5):449–61. doi:10.1056/
NEJMoa052521.

52. Malmberg K, Rydén L, Wedel H, Birkeland K, Bootsma A,
Dickstein K, et al., DIGAMI 2 Investigators. Intense metabolic con-
trol by means of insulin in patients with diabetes mellitus and acute
myocardial infarction (DIGAMI 2): effects on mortality and morbid-
ity. Eur Heart J. 2005;26(7):650–61. doi:10.1093/eurheartj/ehi199.

53. Umpierrez GE, Smiley D, Zisman A, Prieto LM, Palacio A, Ceron
M, et al. Randomized study of basal-bolus insulin therapy in the
inpatient management of patients with type 2 diabetes (RABBIT 2
trial). Diabetes Care. 2007;30(9):2181–6. doi:10.2337/dc07-0295.

54. Umpierrez GE, Smiley D, Jacobs S, Peng L, Temponi A, Mulligan
P, et al. Randomized study of basal-bolus insulin therapy in the
inpatient management of patients with type 2 diabetes undergoing
general surgery (RABBIT 2 surgery). Diabetes Care. 2011;34(2):
256–61. doi:10.2337/dc10-1407.

55. Umpierrez GE, Smiley D, Hermayer K, Khan A, Olson DE,
Newton C, et al. Randomized study comparing a basal-bolus with
a basal plus correction insulin regimen for the hospital management
of medical and surgical patients with type 2 diabetes: basal plus
trial. Diabetes Care. 2013;36(8):2169–74. doi:10.2337/dc12-1988.

56. Deusenberry CM, Coley KC, Korytkowski MT, Donihi AC.
Hypoglycemia in hospitalized patients treated with sulfonylureas.
Pharmacotherapy. 2012;32(7):613–7. doi:10.1002/j.1875-9114.
2011.01088.

57.•• Pasquel FJ, Gianchandani R, Rubin DJ, Dungan KM, Anzola I,
Gomez PC, et al. Efficacy of sitagliptin for the hospital manage-
ment of general medicine and surgery patients with type 2 diabetes
(Sita-Hospital): a multicentre, prospective, open-label, non-
inferiority randomised trial. Lancet Diabetes Endocrinol.
2016;S2213-8587(16):30402–8. doi:10.1016/S2213-8587(16)
30402-82016:8587(16): 30402-30408. This multicenter
randomized controlled trial of a newer oral agent with low
risk for hypoglycemia and a potential role in hospitalized
patients is a model for future collaborative multicenter
inpatient clinical trials in diabetes

Curr Diab Rep (2017) 17: 64 Page 15 of 16 64

http://dx.doi.org/10.1002/14651858.CD012151.pub2
http://dx.doi.org/10.1002/14651858.CD012151.pub2
http://dx.doi.org/10.1016/j.jdiacomp.2014.11.012
http://dx.doi.org/10.1161/CIRCULATIONAHA.115.015946
http://dx.doi.org/10.1161/CIRCULATIONAHA.115.015946
http://dx.doi.org/10.2337/dc11-s220
http://dx.doi.org/10.1185/03007990802418851
http://dx.doi.org/10.1056/NEJMoa1307684
http://dx.doi.org/10.1016/j.ahj.2011.08.004
http://dx.doi.org/10.2337/dc16-1415
http://dx.doi.org/10.1161/CIRCULATIONAHA.114.010389
http://dx.doi.org/10.1161/CIRCULATIONAHA.114.010389
http://dx.doi.org/10.1016/j.diabet.2016.09.005
http://dx.doi.org/10.1016/j.diabet.2016.09.005
http://dx.doi.org/10.1007/s12325-016-0432-4
http://dx.doi.org/10.1016/j.numecd.2016.06.004
http://www.fda.gov/Drugs/DrugSafety/ucm486096.htm
http://www.fda.gov/Drugs/DrugSafety/ucm486096.htm
http://dx.doi.org/10.2337/dc16-1135
http://dx.doi.org/10.1001/jamainternmed.2016.1522
http://dx.doi.org/10.1186/cc7017
http://dx.doi.org/10.1056/NEJMoa070716
http://dx.doi.org/10.1056/NEJMoa070716
http://dx.doi.org/10.1007/s00134-009-1585-2
http://dx.doi.org/10.2337/diacare.29.04.06.dc05-1894
http://dx.doi.org/10.2337/diacare.29.04.06.dc05-1894
http://dx.doi.org/10.1056/NEJMoa052521
http://dx.doi.org/10.1056/NEJMoa052521
http://dx.doi.org/10.1093/eurheartj/ehi199
http://dx.doi.org/10.2337/dc07-0295
http://dx.doi.org/10.2337/dc10-1407
http://dx.doi.org/10.2337/dc12-1988
http://dx.doi.org/10.1002/j.1875-9114.2011.01088
http://dx.doi.org/10.1002/j.1875-9114.2011.01088
http://dx.doi.org/10.1016/S2213-8587(16)30402-82016:8587(16):%2030402-30408
http://dx.doi.org/10.1016/S2213-8587(16)30402-82016:8587(16):%2030402-30408


58. Umpierrez GE, Gianchandani R, Smiley D, Jacobs S, Wesorick
DH, Newton C, et al. Safety and efficacy of sitagliptin therapy for
the inpatient management of general medicine and surgery patients
with type 2 diabetes. Diabetes Care. 2013;36(11):3430–5. doi:10.
2337/dc13-0277.

59. Read PA, Khan FZ, Heck PM, Hoole SP, Dutka DP. DPP-4 inhibi-
tion by sitagliptin improves the myocardial response to dobutamine
stress and mitigates stunning in a pilot study of patients with coro-
nary artery disease. Circ Cardiovasc Imaging. 2010;3(2):195–201.
doi:10.1161/CIRCIMAGING.109.899377.

60. Abuannadi M, Kosiborod M, Riggs L, House JA, Hamburg MS,
Kennedy KF, et al. Management of hyperglycemia with the adminis-
tration of intravenous exenatide to patients in the cardiac intensive care
unit. Endocr Pract. 2013;19(1):81–90. doi:10.4158/EP12196.OR.

61. Lønborg J, Kelbæk H, Vejlstrup N, Bøtker HE, Kim WY,
Holmvang L, et al. Exenatide reduces final infarct size in patients
with ST-segment-elevation myocardial infarction and short-
duration of ischemia. Circ Cardiovasc Interv. 2012;5:288–95. doi:
10.1161/CIRCINTERVENTIONS.112.968388.

62. Mecott GA, Herndon DN, Kulp GA, Brooks NC, Al-Mousawi
AM, Kraft R, et al. The use of exenatide in severely burned pedi-
atric patients. Crit Care. 2010;14(4):R153. doi:10.1186/cc9222.

63. Marso SP, Daniels GH, Brown-Frandsen K, Kristensen P, Mann JF,
Nauck MA, et al., LEADER Steering Committee; LEADER Trial
Investigators. Liraglutide and cardiovascular outcomes in type 2
diabetes. N Engl J Med. 2016;375(4):311–22. doi:10.1056/
NEJMoa1603827.

64. Marso SP, Bain SC, Consoli A, Eliaschewitz FG, Jódar E, Leiter
LA, et al., SUSTAIN-6 Investigators. Semaglutide and cardiovas-
cular outcomes in patients with type 2 diabetes. N Engl J Med.
2016;375(19):1834–44. doi:10.1056/NEJMoa1607141.

65. Pfeffer MA, Claggett B, Diaz R, Dickstein K, Gerstein HC, Køber
LV, et al., ELIXA Investigators. Lixisenatide in patients with type 2
diabetes and acute coronary syndrome. N Engl J Med.
2015;373(23):2247–57. doi:10.1056/NEJMoa1509225.

66. Monami M, Cremasco F, Lamanna C, Colombi C, Desideri CM,
Iacomelli I, et al. Glucagon-like peptide-1 receptor agonists and
cardiovascular events: a meta-analysis of randomized clinical trials.
Exp Diabetes Res. 2011;2011:215764. doi:10.1155/2011/215764.

67. Ratner R, Han J, Nicewarmer D, Yushmanova I, Hoogwerf BJ, Shen
L. Cardiovascular safety of exenatide BID: an integrated analysis
from controlled clinical trials in participants with type 2 diabetes.
Cardiovasc Diabetol. 2011;10:22–32. doi:10.1186/1475-2840-10-22.

68. Woo JS, Kim W, Ha SJ, Kim JB, Kim SJ, Kim WS, et al.
Cardioprotective effects of exenatide in patients with ST-segment-
elevation myocardial infarction undergoing primary percutaneous
coronary intervention: results of exenatide myocardial protection in
revascularization study. Arterioscler Thromb Vasc Biol.
2013;33(9):2252–60. doi:10.1161/ATVBAHA.113.301586.

69. Chen WR, Shen XQ, Zhang Y, Chen YD, Hu SY, Qian G, et al.
Effects of liraglutide on left ventricular function in patients with
non-ST-segment elevation myocardial infarction. Endocrine.
2016;52(3):516–26. doi:10.1007/s12020-015-0798-0.

70. Nozue T, Yamada M, Tsunoda T, Katoh H, Ito S, Iwaki T, et al.
Effects of liraglutide, a glucagon-like peptide-1 analog, on left ven-
tricular remodeling assessed by cardiac magnetic resonance imag-
ing in patients with acute myocardial infarction undergoing primary
percutaneous coronary intervention. Heart Vessel. 2016;31(8):
1239–46. doi:10.1007/s00380-015-0734-5.

71. van Raalte DH, van Genugten RE, Linssen MM, Ouwens DM,
Diamant M. Glucagon-like peptide-1 receptor agonist treatment pre-
vents glucocorticoid-induced intolerance and islet-cell dysfunction in
humans. Diabetes Care. 2011;34(2):412–7. doi:10.2337/dc10-1677.

72. Ranta F, Avram D, Berchtold S, Dufer M, Drews G, Lang F, et al.
Dexamethasone induces cell death in insulin secreting cells, an
effect reversed by exendin-4. Diabetes. 2006;55:1380–90. doi:10.
2337/db05-1220.

73. Deane AM, Chapman MJ, Fraser RJ, Burgstad CM, Besanko LK,
Horowitz M. The effect of exogenous glucagon-like peptide-1 on
the glycaemic response to small intestinal nutrient in the critically
ill: a randomised double-blind placebo-controlled cross over study.
Crit Care. 2009;13(3):R67. doi:10.1186/cc7874.

74. Funch D, Gydesen H, Tornøe K, Major-Pedersen A, Chan KA. A
prospective, claims-based assessment of the risk of pancreatitis and
pancreatic cancerwith liraglutide compared to other anti-diabetic drugs.
Diabetes Obes Metab. 2014;6(3):273–5. doi:10.1111/dom.12230.

75. Elashoff M, Matveyenko A, Gier B, Elashoff R, Butler P.
Pancreatitis, pancreatic, and thyroid cancer with glucagon-like
peptide-1-based therapies. Gastroenterology. 2011;141(1):150–6.
doi:10.1053/j.gastro.2011.02.018.

76. Sokos GG, Nikolaidis LA, Mankad S, Elahi D, Shannon RP.
Glucagon-like peptide-1 infusion improves left ventricular ejection
fraction and functional status in patients with chronic heart failure. J
Card Fail. 2006;12(9):694–9. doi:10.1016/j.cardfail.2006.08.211.

77. Sokos GG, Bolukoglu H, German J, Hentosz T, Magovern GJ Jr,
Maher TD, et al. Effect of glucagon-like peptide-1 (GLP-1) on
glycemic control and left ventricular function in patients undergo-
ing coronary artery bypass grafting. Am J Cardiol. 2007;100:824–
9. doi:10.1016/j.amjcard.2007.05.022.

78. Mussig K, Oncu A, Lindauer P, Heininger A, Aebert H, Unertl K,
et al. Effects of intraveneous glucagon-like peptide-1 on glucose
control and hemodynamics after coronary artery bypass surgery in
patients with type 2 diabetes. Am J Cardiol. 2008;102:646–7. doi:
10.1016/j.amjcard.2008.06.029.

79. DeSantis A, Nathan DM, Mulder JE. Sodium-glucose co-transport-
er 2 inhibitors. 2016. https://www.uptodate.com/contents/sodium-
glucose-co-transporter-2-inhibitors-for-the-treatment-of-type-2-
diabetes-mellitus?source=see_link. Retrieved 1 Nov 2016.

80. Vallon V. The proximal tubule in the pathophysiology of the dia-
betic kidney. Am J Physiol Regul Integr Comp Physiol.
2011;300(5):R1009–22. doi:10.1152/ajpregu.00809.2010.
Retrieved November 1, 2016

81. Zinman B,Wanner C, Lachin JM, Fitchett D, Bluhmki E, Hantel S,
et al., EMPA-REG OUTCOME investigators. Empagliflozin, car-
diovascular outcomes, and mortality in type 2 diabetes. N Engl J
Med. 2015;373(22):2117–28. doi:10.1056/NEJMoa1504720.
Retrieved November 17, 2016

82. Zonszein J, Groop PH. Strategies for diabetes management: using
newer oral combination therapies early in the disease. Diabetes
Ther. 2016;7(4):621–39. doi:10.1007/s13300-016-0208-5.
Retrieved November 16, 2016

83. Janssen Research & Development, LLC. CANVAS-CANagliflozin
cardiovascular Assessment Study. In: ClinicalTrials.gov[Internet].
Bethesda (MD): National Library of Medicine (US). 2000.
Available from: https://www.clinicaltrials.gov/ct2/show/
NCT01032629?term=Canagl i f loz in+Cardiovascular+
Assessment+Study&rank=1. Accessed 18 Nov 2016. NLM
Identifier: NCT01032629.

84. Neal B, Perkovic V,MahaffeyKW, de ZeeuwD, Fulcher G, Erondu
N, et al. Canagliflozin and cardiovascular and renal events in type 2
diabetes. N Eng J Med. 2017. doi:10.1056/NEJMoa1611925.

85. U.S. Food & Drug Administration. FDA Drug Safety
Communication: FDA revises labels of SGLT2 inhibitors for dia-
betes to include warnings about too much acid in the blood and
serious urinary tract infections. (2015). http://www.fda.gov/Drugs/
DrugSafety/ucm475463.htm. Retrieved 11 Nov 2016.

64 Page 16 of 16 Curr Diab Rep (2017) 17: 64

http://dx.doi.org/10.2337/dc13-0277
http://dx.doi.org/10.2337/dc13-0277
http://dx.doi.org/10.1161/CIRCIMAGING.109.899377
http://dx.doi.org/10.4158/EP12196.OR
http://dx.doi.org/10.1161/CIRCINTERVENTIONS.112.968388
http://dx.doi.org/10.1186/cc9222
http://dx.doi.org/10.1056/NEJMoa1603827
http://dx.doi.org/10.1056/NEJMoa1603827
http://dx.doi.org/10.1056/NEJMoa1607141
http://dx.doi.org/10.1056/NEJMoa1509225
http://dx.doi.org/10.1155/2011/215764
http://dx.doi.org/10.1186/1475-2840-10-22
http://dx.doi.org/10.1161/ATVBAHA.113.301586
http://dx.doi.org/10.1007/s12020-015-0798-0
http://dx.doi.org/10.1007/s00380-015-0734-5
http://dx.doi.org/10.2337/dc10-1677
http://dx.doi.org/10.2337/db05-1220
http://dx.doi.org/10.2337/db05-1220
http://dx.doi.org/10.1186/cc7874
http://dx.doi.org/10.1111/dom.12230
http://dx.doi.org/10.1053/j.gastro.2011.02.018
http://dx.doi.org/10.1016/j.cardfail.2006.08.211
http://dx.doi.org/10.1016/j.amjcard.2007.05.022
http://dx.doi.org/10.1016/j.amjcard.2008.06.029
http://dx.doi.org/https://www.uptodate.com/contents/sodium-glucose-co-transporter-2-inhibitors-for-the-treatment-of-type-2-diabetes-mellitus?source=see_link
http://dx.doi.org/https://www.uptodate.com/contents/sodium-glucose-co-transporter-2-inhibitors-for-the-treatment-of-type-2-diabetes-mellitus?source=see_link
http://dx.doi.org/https://www.uptodate.com/contents/sodium-glucose-co-transporter-2-inhibitors-for-the-treatment-of-type-2-diabetes-mellitus?source=see_link
http://dx.doi.org/10.1152/ajpregu.00809.2010
http://dx.doi.org/10.1056/NEJMoa1504720
http://dx.doi.org/10.1007/s13300-016-0208-5
http://clinicaltrials.gov
http://clinicaltrials.gov
http://clinicaltrials.gov
http://clinicaltrials.gov
http://dx.doi.org/10.1056/NEJMoa1611925
http://www.fda.gov/Drugs/DrugSafety/ucm475463.htm
http://www.fda.gov/Drugs/DrugSafety/ucm475463.htm

	Cardiovascular Safety of Antidiabetic Drugs in the Hospital Setting
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Clinical Studies of Diabetes Medications in the Hospital
	Insulin
	Metformin
	Insulin Secretagogues
	Incretin-Enhancing Therapy
	Dipeptidylpeptidase-4 Inhibitors
	Glucagon-Like Peptide-1 Receptor Agonists

	Sodium Glucose Transporter-2 Inhibitors (SGLT-2i)

	Balancing Benefits Versus Risks—Clinical Recommendations
	Conclusions
	References
	Papers of particular interest, published recently, have been highlighted as: • Of importance •• Of major importance



