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Recent studies and meta-analyses 
have shown that intensive insulin 
therapy is associated with an increased 
risk of hypoglycemia,1–3 which has 
been independently associated with 
increased morbidity and mortality in 
hospitalized patients.4 Thus, although 
insulin therapy is recommended for 
hyperglycemia management in hos-
pitalized patients,5,6 concerns about 
hypoglycemia have led to the search 
for alternative treatment options such 
as incretin-based therapy.7,8 Incretin 
agents stimulate insulin secretion in 
a glucose-dependent manner; thus, 
the risk of hypoglycemia is minimal 
when used as monotherapy. In addi-
tion, incretin therapy may result in 
metabolic and cardiovascular benefits, 
including reduced inflammation and 
oxidative stress.9,10 

Substantial evidence indicates that 
correction of hyperglycemia through 
insulin administration reduces hos-
pital complications and mortality 
in critically ill patients, as well as 
in general medicine and surgery 
patients.5,11–15 Animal and human 
studies have shown multiple beneficial 
effects of insulin administration dur-
ing acute stress and illness.16–18 Insulin 
administration results in a rapid, 
dose-dependent reduction in endog-
enous (hepatic) glucose production, 
improvement of insulin resistance, 
enhancement of energy delivery to 
peripheral tissues, and normalization 
of endothelium-dependent vasodi-
lation.19,20 In addition, insulin has 
potent anti-inflammatory properties, 
inhibiting production of tumor necro-

sis factor-alpha (TNF-α), reactive 
oxygen species (ROS), intracellular 
adhesion molecule-1 in macrophages 
and leukocytes, and suppression of the 
proinflammatory nuclear factor kappa 
B (NF-kB).16,21 

This article provides a review of 
the evidence on the different thera-
pies available for hyperglycemia 
management in noncritically ill hos-
pitalized patients.

Insulin Therapy in the Hospital 
The posit ive effects of insulin 
administration include correction 
of hyperglycemia, as well as anti-
inflammatory, vasodilatory, and 
antioxidant effects and inhibition of 
lipolysis and platelet aggregation.16–18,21 
Hyperglycemia is associated with 
impaired leukocyte function, includ-
ing decreased phagocytosis, impaired 
bacterial killing, and chemotaxis, 
which can increase the number of hos-
pital infections.22 Hyperglycemia has 
also been shown to impair collagen 
synthesis and to impair wound-healing 
in patients with poorly controlled 
diabetes.23 In addition, acute hyper-
glycemia results in NF-kB activation 
and production of inflammatory 
cytokines such as TNF-α; interleu-
kin-6 (IL-6); plasminogen activator 
inhibitior-1, which causes increased 
vascular permeability; and leukocyte 
and platelet activation resulting in an 
inflammatory and pro-thrombotic 
state.24 Several studies have reported 
rapid improvement in high levels of 
inflammatory and oxidative stress 
markers after insulin administration 

Hyperglycemia in the hospital setting affects 38–46% of noncritically ill 
hospitalized patients. Evidence from observational studies indicates that 
inpatient hyperglycemia, in patients with and without diabetes, is associated 
with increased risks of complications and mortality. Substantial evidence 
indicates that correction of hyperglycemia through insulin administration 
reduces hospital complications and mortality in critically ill patients, as well as 
in general medicine and surgery patients. This article provides a review of the 
evidence on the different therapies available for hyperglycemia management 
in noncritically ill hospitalized patients.
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and correction of hyperglycemia, 
although these levels remained higher 
than those of control subjects with-
out diabetes.25 

No single insulin regimen meets the 
needs of all patients with hyperglyce-
mia. Scheduled subcutaneous insulin 
therapy with basal or intermediate-
acting insulin given once or twice 
per day in combination with short- 
or rapid-acting insulin administered 
before meals is the preferred strategy 
for glycemic management in non-
critically ill patients.5,26 Subcutaneous 
insulin regimens should address the 
three components of a patient’s total 
insulin requirement: basal (what is 
required in the fasting state), nutri-
tional (what is required to dispose 
of glucose contained in nutrition), 
and correctional or supplemental 
(what is required to correct for glu-
cose elevations caused by changes in 
insulin requirements).26 

The practice of discontinuing 
oral diabetes medications and/or 
existing insulin therapy and starting 
sliding-scale insulin (SSI) results in 
undesirable levels of hypoglycemia 
and hyperglycemia.27,28 SSI insulin 
regimens involve the administration of 
regular or rapid-acting insulin before 
meals or every 4–6 hours if patients 
are on NPO (nothing by mouth) status 
to correct hyperglycemia. Although 
straightforward and easy to use, SSI 
regimens are fraught with challenges, 
including inadequate coverage of gly-
cemic excursions and insulin stacking 
(accumulation of insulin in subcutane-
ous tissues).29 We previously reported 
the results of a prospective, random-
ized, multicenter trial comparing the 
efficacy and safety of a basal-bolus 
insulin regimen to that of SSI in inpa-
tients with type 2 diabetes admitted to 
general medicine and surgery wards.30 
We found that, among 130 insulin-
naive patients with an admission 
blood glucose level between 140 and 
400 mg/dl, the use of a basal-bolus 
insulin regimen led to greater improve-
ment in blood glucose control than 
SSI alone. A blood glucose target of 
< 140 mg/dl was achieved in 66% of 
patients in the glargine-plus-glulisine 
basal-bolus group and 38% of the SSI 
group. One-fifth of patients treated 
with an SSI protocol without a basal 
component had persistently elevated 
blood glucose levels > 240 mg/dl dur-
ing their hospital stay. The incidence 
of hypoglycemia, defined in this study 
as a blood glucose level < 60 mg/dl, 

was low (3%) and was not different 
between groups. 

In general surgery patients, the 
RABBIT 2 Surgery (Randomized 
Study of Basal Bolus Insulin Therapy 
in the Inpatient Management of 
Patients with Type 2 Diabetes 
Undergoing General Surgery) trial12 
compared the efficacy and safety of 
a basal-bolus regimen to that of SSI 
in 211 patients with type 2 diabetes. 
Study outcomes included differences in 
daily glucose levels and a composite of 
postoperative complications, including 
wound infection, pneumonia, respira-
tory failure, acute renal failure, and 
bacteremia. Patients were random-
ized to receive a basal-bolus regimen 
with glargine once daily and gluli-
sine before meals at a starting dose 
of 0.5 units/kg or to receive SSI four 
times daily for glucose > 140 mg/dl. 
The basal-bolus regimen resulted in 
significant improvement in glucose 
control and a significant reduction 
in the frequency of the composite of 
hospital complications. The results 
of these trials indicate that a basal-
bolus regimen is preferred to SSI and 
results in improved glycemic control 
and lower rates of hospital complica-
tions in general medical and surgical 
inpatients with type 2 diabetes. 

The DEAN (Insulin Detemir 
Versus NPH Insulin in Hospitalized 
Patients With Diabetes) trial, an 
open-label, controlled, multicenter 
trial, randomly assigned 130 medical 
patients with type 2 diabetes to receive 
either detemir once daily and aspart 
before meals or NPH and regular 
insulin twice daily.31 Both regimens 
resulted in significant improvements 
in inpatient glycemic control, with a 
glucose target of < 140 mg/dl before 
meals achieved in 45% in the detemir/
aspart group and in 48% of NPH/
regular insulin group. Hypoglycemia 
(< 60 mg/dl) was observed in approxi-
mately one-fourth of patients treated 
with detemir/aspart and NPH/regular 
insulin during the hospital stay. There 
was no difference in length of hospi-
tal stay or mortality between groups. 
Thus, a similar improvement in gly-
cemic control can be achieved with 
basal-bolus therapy with detemir/
aspart or with NPH/regular insulin 
in general medicine patients with type 
2 diabetes. 

In insulin-naive patients, initial 
total daily insulin doses have varied 
widely in different protocols from 0.3 
to 1.5 units/kg/day.30,32–34 However, 

only doses of 0.4 and 0.5 units/kg/day 
have been studied prospectively.12,30 A 
case-control analysis of 1,990 patients 
with diabetes reported that insulin 
doses > 0.6 units/kg/day were associ-
ated with higher odds of hypoglycemia 
than doses < 0.2 units/kg/day, inde-
pendent of the types of insulin used.35 
In addition, higher rates of hypogly-
cemia have been seen with increasing 
age and in patients with impaired 
renal function. A recent, randomized 
trial compared the efficacy of basal-
bolus regimens at 0.5 and 0.25 units/
kg/day in patients with diabetes with 
moderate renal failure and a glomeru-
lar filtration rate (GFR) < 45 ml/min. 
There were no differences in mean 
daily glucose concentration, but those 
in the higher-dose insulin group had 
twice the rate of hypoglycemia (30 vs. 
15.8%) during their hospital stay.36 
Thus, lower initial daily doses (0.25–
0.3 units/kg/day) should be used in 
patients with moderate renal failure 
who are at risk of hypoglycemia.

The recently reported Basal Plus 
trial37 recruited 375 patients with 
type 2 diabetes treated with diet, 
oral antidiabetic agents, or low-dose 
insulin (≤ 0.4 unit/kg/day) to receive 
a basal-bolus regimen with glargine 
once daily and glulisine before meals, 
a “basal-plus” regimen with glargine 
once daily and supplemental doses 
of glulisine for correction of hyper-
glycemia (> 140 mg/dl) per a sliding 
scale, and SSI. This trial reported that 
the basal-plus regimen resulted in 
improvements in glycemic control and 
frequency of hypoglycemia that were 
similar to those of the standard basal-
bolus regimen. In addition, treatment 
with basal-bolus and basal-plus regi-
mens resulted in fewer treatment 
failures than treatment with SSI. Thus, 
in insulin-naive patients or in those 
receiving low-dose insulin on admis-
sion (< 0.4 units/kg/day), as well as in 
patients with reduced oral intake, a 
basal-plus regimen is an effective alter-
native to basal-bolus insulin. Patients 
with persistent hyperglycemia or with 
regular caloric intake could be moved 
up from basal-plus to a basal-bolus 
regimen if needed.

Nonglycemic Effects of Insulin 
Hyperglycemia in the hospital set-
ting affects 38–46% of noncritically 
ill hospitalized patients.38,39 Evidence 
from observational studies, including 
our own, indicates that hospital hyper-
glycemia in patients with and without 
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diabetes is associated with increased 
risks of complications and mortality, 
longer hospital stays, higher admission 
rates to the intensive care unit (ICU), 
and a greater need for transitional 
or nursing home care after hospi-
tal discharge38,40,41 The mechanisms 
implicated in the detrimental effects of 
hyperglycemia during acute illness are 
not completely understood. Current 
evidence indicates that hyperglycemia 
results in impaired neutrophil granulo-
cyte function, overproduction of ROS, 
circulating free fatty acids, inflam-
matory mediators that can result in 
direct cellular damage, and vascular 
and immune dysfunction.32 

Several intervention studies and 
meta-analyses have reported that 
intensive insulin therapy, defined as 
the use of intravenous (IV) insulin 
infusion protocols to achieve strict 
glycemic control, improves clinical 
outcomes in surgical ICU patients but 
not in medical or mixed ICU settings.2 
A recent meta-analysis of seven ran-
domized, controlled studies found that 
intensive insulin therapy during or 
after cardiac surgery reduced mortality 
in the ICU, postsurgical atrial fibrilla-
tion, use of epicardial pacing, duration 
of mechanical ventilation, and length 
of ICU stay.42 Recent studies of media-
tors of inflammation have also shown 
that insulin exerts anti-inflammatory, 
antithrombotic, and anti-atherogenic 
effects.43 Insulin counteracts many of 
the detrimental effects of hyperglyce-
mia, including free radical formation, 
oxidative stress, apoptotic cell death, 
and increased levels of proinflamma-
tory cytokines.44 Additionally, insulin 
has been shown to increase cardiac 
contractility and coronary vasodi-
lation and to preserve endothelial 
function.45 The antioxidant and anti-
inflammatory effects of insulin are 
mediated through a number of path-
ways. Insulin inhibits NF-kB, which is 
at the center of many proinflammatory 
pathways, thereby affecting a range 
of downstream events. Inhibition 
of mitogen-activated protein kinase 
suppresses IL-6 signaling, whereas 
inhibition of c-Jun N-terminal kinase 
mediates inflammatory processes 
downstream of TNF-α. TNF-α itself 
is suppressed via phosphatidyl-inositol 
3-kinase-AKT–mediated activation 
of endothelial nitric oxide synthase.43 
Taken together, these findings suggest 
a cardiac-specific mechanism that may 
contribute to improved clinical out-

comes in insulin-treated patients with 
hyperglycemia.

Inpatient Hypoglycemia With 
Insulin Therapy
Although insulin therapy is the stan-
dard of care in hospitals, it is a source 
of medication errors and increased 
risk of hypoglycemia. An analysis 
of medication errors between 2006 
and 2008 revealed that insulin was 
the drug with the greatest number 
of medication errors in hospitals.46 
Hypoglycemia in the hospital has been 
associated with adverse cardiovascu-
lar outcomes such as prolonged QT 
intervals, ischemic electrocardiogram 
changes/angina, arrhythmias, sudden 
death, and increased inflammation.47,48 
In addition, insulin-induced hypogly-
cemia is associated with increases 
in C-reactive protein and pro-
inflammatory cytokines (TNF-α , 
interleukin-1β, IL-6, and interleu-
kin-8), markers of lipid peroxidation, 
ROS, and leukocytosis.49,50 

In non-ICU settings, hypoglycemia 
has been associated with increased 
lengths of hospital stay, greater costs of 
hospitalization, and higher mortality 
both during hospitalization and after 
discharge.51,52 Observational studies 
have demonstrated a J-shaped rela-
tionship between inpatient glycemic 
control and mortality, with increased 
risk of death at both the high and low 
extremes of dysglycemia.53 Most of 
these studies reported that inpatient 
mortality risk is greater in patients 
with spontaneous hypoglycemia 
than in those with insulin-associated 
hypoglycemia.53–55 This suggests that 
spontaneous hypoglycemia may be a 
marker of disease burden instead of a 
direct cause of mortality.

Use of Oral Agents in the 
Hospital Setting
The use of oral antidiabetic agents is 
not recommended in hospitals because 
few data are available regarding their 
safety and efficacy in the inpatient set-
ting. Major limitations to the use of 
oral agents in the hospital include their 
side effect profiles and slow onset of 
action, which does not allow for rapid 
attainment of glycemic control or dose 
adjustments to meet the changing 
needs of acutely ill patients.5,6 Table 1 
depicts the advantages and disadvan-
tages of available antidiabetic drugs 
compared to insulin therapy for the 
inpatient management of hyperglyce-
mia in noncritical care settings.

Metformin therapy
Metformin is the most commonly 
prescribed glucose-lowering agent 
for the outpatient treatment of type 2 
diabetes.56 Despite a lack of random-
ized studies on its safety and efficacy 
in hospitals, metformin is also com-
monly used in the inpatient setting,57,58 
and it is estimated that up to one-
fourth of hospitalized patients with 
type 2 diabetes in the United States 
are treated with metformin, even in 
the presence of contraindications.59 
Metformin exerts its antidiabetic 
effect by suppressing excessive 
hepatic glucose production through 
a reduction in gluconeogenesis.60 
Metformin might also increase glu-
cose utilization in peripheral tissues 
and possibly reduces food intake and 
intestinal glucose absorption, resulting 
in weight loss.61 Because metformin 
does not stimulate endogenous insulin 
secretion, it does not cause hypogly-
cemia when used as monotherapy.62 
Gastrointestinal discomfort in the 
form of abdominal pain, flatulence, 
and diarrhea occurs in ~ 25% of 
patients taking metformin.63 

Metformin has been reported to 
increase the risk of lactic acidosis. 
The estimated rate of lactic acidosis 
in patients receiving metformin is of 
2–5 cases per 100,000 patient-years, 
which is similar to that reported for 
patients with diabetes who do not take 
metformin.64,65 A 2010 Cochrane sys-
tematic review reported no increase 
in the number of cases of lactic aci-
dosis in ambulatory patients across 
347 clinical trials with 70,490 patient-
years of metformin use.58 Patients with 
diabetes, however, are at increased 
risk of developing lactic acidosis if 
safety guidelines are ignored and if the 
drug is continued in the presence of 
contraindications.66 Impaired kidney 
function, decompensated heart failure, 
hypoxemia, alcoholism, cirrhosis, con-
trast dye exposure, sepsis, and shock 
are associated with an increased risk 
of lactic acidosis and are absolute con-
traindications to the use of metformin 
therapy.58,67 The importance of adher-
ing to safety recommendations for 
metformin was illustrated by Pasquel 
et al.,66 who recently reported a series 
of cases of metformin-induced lactic 
acidosis when the drug was prescribed 
in the hospital despite the presence of 
contraindications. 
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Insulin secretagogues (sulfonylureas 
and glinides) 
Sulfonylureas are the second most 
commonly prescribed antidiabetic 
agents in patients with type 2 dia-
betes. Insulin secretagogues exert 
their antidiabetic effect by stimulat-
ing endogenous insulin production.67 
The insulinotropic effect of these 
medications is exerted through bind-
ing to a receptor-like structure in the 
β-cell surface and closing of the ATP-
dependent potassium channels in the 
β-cell membrane.68,69 This results in 

depolarization of the cell, influx of 
calcium, and subsequent stimulation 
of insulin secretion.70 In the outpatient 
setting, sulfonylureas have proven 
to be effective in improving glucose 
control, with an A1C reduction of 
1–2 percentage points, and in reduc-
ing microvascular complications.71,72 
However, sulfonylureas increase the 
risk of hypoglycemia, especially in 
elderly patients and in those with 
impaired renal function or poor oral 
intake.70 In addition, there is concern 
that sulfonylureas may worsen cardiac 

and cerebral ischemia73,74 by inhibit-
ing ATP-sensitive potassium channels, 
resulting in cell membrane depolar-
ization and increased intracellular 
calcium concentration.75 

Use of sulfonylureas in the inpa-
tient setting is discouraged because 
of the potential risk of hypoglyce-
mia secondary to long duration of 
action and variable meal availability 
in the inpatient setting.5,6 Results of a 
nested case-control study composed 
of hospitalized patients who received 
a sulfonylurea as part of their inpa-

Table 1. Advantages and Disadvantages of Antidiabetic Drugs for the Inpatient Management of 
Hyperglycemia in Noncritical Care Settings 

Therapy Advantages Disadvantages

Insulin:
•	 Basal insulin: glargine, detemir, 

NPH 
•	 Prandial (bolus) insulin: aspart, 

lispro, glulisine, human regular 
insulin

•	 Good glucose-lowering effect 
•	 Anti-inflammatory, vasodilatory, 

and antioxidant effects
•	 Inhibition of lipolysis and platelet 

aggregation
•	 Reduced risk of postoperative 

complications

•	 Increased risk of hypoglycemia
•	 Common source of hospital 

errors
•	 Subcutaneous injections
•	 Need for glucose monitoring

Metformin •	 Good glucose-lowering effect 
•	 Oral route
•	 Low cost
•	 No hypoglycemia

•	 Risk of lactic acidosis in patients 
with impaired kidney function, 
heart failure, hypoxemia, 
alcoholism, cirrhosis, contrast 
exposure, sepsis, and shock

•	 Gastrointestinal side effects

Insulin secretagogues:
•	 Sulfonylureas: glyburide, 

glibenclamide, glipizide, 
gliclazide, and glimepiride

•	 Glinides: repaglinide and 
nateglinide

•	 Good glucose-lowering effect 
•	 Low cost 
•	 Oral route

•	 Risk of hypoglycemia
•	 Significant drug-to-drug 

interactions
•	 Risk of cardiovascular events

Thiazolidinediones: pioglitazone •	 Good glucose-lowering effect 
•	 Oral route
•	 No hypoglycemia

•	 Slow onset of action
•	 Contraindicated in patients with 

heart failure, hemodynamic insta-
bility, and hepatic dysfunction 

Sodium glucose co-transporter 
2 inhibitors: canaglifozin and 
dapaglifozin

•	 Modest glucose-lowering effect
•	 Oral route
•	 No hypoglycemia

•	 Increased risk of urinary and 
genital tract infections

•	 Risk of dehydration 

α-Glucosidase inhibitors: acarbose 
and miglitol

•	 Mild glucose-lowering effect
•	 Oral route
•	 No hypoglycemia

•	 Gastrointestinal side effects
•	 Contraindicated in patients with 

inflammatory bowel disease, 
partial bowel obstruction, or 
severe renal or hepatic disease

Glucagon-like peptide-1 receptor 
agonists: exenatide and liraglutide

•	 Good glucose-lowering effect
•	 No hypoglycemia 
•	 Reduction of insulin requirement

•	 Subcutaneous injections
•	 Gastrointestinal side effects
•	 Decreased appetite and 

weight loss
•	 Concern regarding acute 

pancreatitis

Dipeptidyl peptidase-4 inhibitors: 
sitagliptin, saxaglitpin, linagliptin, 
and alogliptin 

•	 Moderate glucose-lowering effect
•	 Oral route
•	 No hypoglycemia 

•	 Concern regarding acute 
pancreatitis
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tient regimen reported a prevalence of 
hypoglycemia in 130 of 692 (19%) of 
patients.76 Hypoglycemia was high-
est with the use of glyburide (22%), 
followed by glimepiride (19%), and 
glipizide (16%), especially in patients 
> 65 years of age and with a GFR 
< 30 ml/min.76 

Significant drug-to-drug interac-
tions have also been described with 
the use of sulfonylureas in hospital-
ized patients. The use of sulfonylureas 
in patients receiving fluoroquino-
lone antibiotics increases the risk of 
hypoglycemia.77 Additionally, drugs 
that inhibit hepatic cytochrome 
CYP2C9, including metronidazole, 
fluconazole, amiodarone, miconazole, 
trimethoprim-sulphamethoxazole, 
valproate, and gemfibrozil, can also 
exaggerate the effect of sulfonyl-
ureas, thereby increasing the risk 
of hypoglycemia.78 

Glinides available in the United 
States include repaglinide and nateg-
linide. Repaglinide and nateglinide 
enhance β-cell insulin production but 
differ from sulfonylureas in receptor 
affinity, binding sites, and absorp-
tion and elimination rates.79 These 
differences result in faster onset and 
shorter duration of action, offering the 
advantage of better postprandial insu-
lin response.80 A retrospective review 
of hospitalized patients treated with 
repaglinide or nateglinide indicated a 
rate of hypoglycemia of 7%, similar 
to that reported with insulin therapy 
in the inpatient setting.81 These agents 
are not recommended in the inpatient 
setting because of the potential risk 
of hypoglycemia and lack of random-
ized trials evaluating their safety and 
efficacy in the inpatient management 
of hyperglycemia. 

Thiazolidinedione therapy 
Pioglitazone is the only thiazolidinedi-
one (TZD) widely available for clinical 
use in the United States. Pioglitazone 
is an insulin sensitizer and exerts its 
glucose-lowering effect through direct 
activation of the peroxisome prolif-
erator–activated receptor γ.82 TZDs 
are highly effective in improving gly-
cemic control, with an average A1C 
reduction of 1–2 percentage points.83 
However, the time needed to reach 
its maximal antihyperglycemic effect 
can be up to 12 weeks, which makes 
it a less attractive agent for inpatient 
management of diabetes and hyper-
glycemia.5 In addition, TZD therapy 
is associated with fluid retention 

leading to edema, especially when 
used in combination with insulin, 
and worsening heart failure in some 
individuals.32,84 TZDs are contraindi-
cated in patients with congestive heart 
failure, hemodynamic instability, or 
evidence of hepatic dysfunction.67 

Sodium glucose co-transporter 2 
inhibitors
Sodium glucose co-transporter 2 
(SGLT-2) inhibitors are a new class 
of oral antidiabetic medications that 
increase urinary glucose excretion by 
reducing renal glucose reabsorption 
in the proximal convoluted tubules.85 
Canaglifozin and dapaglifozin are the 
two available drugs approved by the 
U.S. Food and Drug Administration 
for management of type 2 diabetes.86,87 
Both agents are effective in reducing 
A1C by ~ 0.6–0.8%, with a low risk 
of hypoglycemia.88 The use of SGLT-2 
inhibitors, however, has been associ-
ated with an increased risk of urinary 
and genital tract infections compared 
to placebo (odds ratio 1.34–3.50, 
respectively).88 In addition, because of 
their glycosuric effects, dehydration 
and hypotension have been reported.89 
The potential side effects of SGLT-2 
inhibitors make their use less attrac-
tive for inpatient management. 

α-Glucosidase inhibitors
Acarbose  and m ig l i tol ,  both 
α-glucosidase inhibitors (AGIs), 
decrease blood glucose by delaying the 
breakdown of carbohydrates in the 
gut and thus slowing the absorption 
of sugars. Although AGIs can signifi-
cantly reduce postprandial glucose 
excursions with a low risk of hypo-
glycemia, the increased delivery of 
carbohydrates to the colon commonly 
results in increased gas production and 
gastrointestinal symptoms.90 These 
agents are not recommended for use 
in the inpatient setting because of 
their mild antihyperglycemic effect, 
with most reports showing an A1C 
reduction of ~ 0.5% and minimal 
reduction in fasting plasma glucose.83 
AGIs are contraindicated in patients 
with gastrointestinal diseases such as 
inflammatory bowel disease, partial 
bowel obstruction, or severe renal or 
hepatic disease. In addition, intoler-
ance to these agents is common and 
affects 25–45% of patients.83 

Incretin-based therapies
Two distinct classes of incretin-based 
therapies are available in the United 

States: glucagon-like peptide-1 
(GLP-1) receptor agonists (i.e., exena-
tide and liraglutide) and the dipeptidyl 
peptidase-4 (DPP-4) inhibitors (i.e., 
sitagliptin, saxagliptin, alogliptin, 
and linagliptin).67 The benefits and 
potential risks of incretin-based 
therapies in hospitalized patients 
have been reviewed elsewhere.7,8,91,92 
Although agents in both classes are 
well tolerated, the oral administra-
tion of DPP-4 inhibitors (as opposed 
to injectable GLP-1 receptor agonists) 
might be preferred for patients who 
are able to take oral medications. The 
efficacy and safety of incretin-based 
therapies in hospitalized patients has 
not been fully determined. However, 
the potential metabolic and cardio-
vascular benefits and the low risk of 
hypoglycemia of these agents make 
them an attractive possibility for inpa-
tient management of diabetes. 

In the hospital setting, the use of 
native GLP-1 infusion has been shown 
effective in improving the glycemic 
response after meals or enteral nutri-
tion similar to insulin administration 
and also reduces exogenous insulin 
requirements.93–97 The perioperative 
administration of exenatide has been 
shown to improve glucose levels in 
patients with diabetes undergoing gen-
eral surgery.98 In addition, exenatide 
effectively lowered glucose levels when 
given as an IV infusion for 48 hours 
to patients with diabetes who were 
admitted to a cardiac ICU.99 Moreover, 
the infusion of native GLP-1 has been 
reported to improve left ventricular 
function and cardiac functional status 
in patients with severe heart failure.100 
The fact that these beneficial effects 
occurred in patients with or without 
diabetes supports a GLP-1 effect on 
the heart independent of glycemic 
control. GLP-1 receptor agonist ther-
apy, however, is frequently associated 
with gastrointestinal side effects and 
decreased food intake, which could 
be undesirable in most hospitalized 
patients. In addition, there is an 
increased risk of hypoglycemia when 
these agents are used with insulin. 

A recently published, randomized 
pilot study assessed the safety and effi-
cacy of the DPP-4 inhibitor sitagliptin 
for the inpatient management of type 
2 diabetes.101 In this trial, patients 
treated with diet, oral antidiabetic 
agents, or a low daily insulin dose 
(≤ 0.4 units/kg/day) were randomized 
to sitagliptin alone or in combination 
with low-dose insulin glargine or to 
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a basal-bolus insulin regimen plus 
supplemental doses of insulin lispro. 
Glycemic control improved similarly 
in all treatment groups. It should 
be noted that most patients with an 
admission glucose < 180 mg/dl who 
were treated with sitagliptin plus cor-
rection doses of rapid-acting insulin 
responded as well as those treated 
with a basal-bolus insulin regimen. 
However, patients with an admis-
sion glucose > 180 mg/dl treated with 
sitagliptin alone had a higher mean 
daily blood glucose (182.7 ± 30 mg/dl) 
compared with patients treated with 
basal-bolus (168.1 ± 31 mg/dl) and 
sitagliptin plus glargine (161.8 ±  31 
mg/dl) (P = 0.08).

Improving glycemic control while 
decreasing glycemic variability may 
be another advantage of using incre-
tin-based therapies in the hospital. 
There is substantial evidence linking 
high glycemic variability with adverse 
outcomes in critically ill patients102–104 

and with increased lengths of stay 
and mortality rates in noncritically 
ill hospitalized patients.105 Incretin 
therapies are known to reduce glucose 
fluctuations and glycemic variabil-
ity measures,99,106 but the potential 
benefits of these agents on glycemic 
variability has yet to be determined in 
the hospital setting.

Increased risk of acute pancreatitis, 
including fatal and nonfatal hemorrhagic 
or necrotizing pancreatitis has been 
reported with incretin therapies.107–111 
Although post-marketing reports of 
these occurrences are exceedingly rare, 
caution should be used in patients with a 
history of pancreatitis, abdominal pain, 
or postsurgical ileus. Additionally, 
increases of 2–5 bpm in heart rate 
have been observed in hospitalized 
patients with cardiovascular disease 
receiving GLP-1 receptor agonist 
therapy.100,112 Although clinical trials 
have found no associations between 
adverse cardiovascular events and the 
use of GLP-1 receptor agonists113 or 
DPP-4 inhibitors,114 long-term studies 
are needed. Two prospective outpa-
tient cardiovascular outcome trials 
recently reported that patients treat-
ment with alogliptin or saxagliptin 
had no increased risk of ischemic 
events,115,116 although rates of hospital-
ization for heart failure were increased 
with saxagliptin therapy.115,116 

Hospital Discharge Considerations
To avoid medication errors and hos-
pital readmissions, preparation for 

transition to the outpatient setting 
should begin at the time of hospital 
admission.117 Based on a recent A1C, 
for patients previously well controlled 
(A1C < 7%) on oral medications, it 
is reasonable to resume their previ-
ous regimen at the time of discharge. 
However, patients with higher A1C 
values will often require intensification 
of their outpatient regimen or continu-
ation of the inpatient insulin regimen.5 

Patients newly started on insulin 
therapy during hospitalization will 
require substantial diabetes educa-
tion before discharge. Although 
American Diabetes Association 
guidelines recommend that patients 
receive “survival skills” education 
to ensure safe care upon returning 
home,118 it is unknown whether this 
actually occurs and whether patients 
who do receive this training are able 
to apply it after discharge. There is 
limited information about follow-up 
of patients with diabetes after dis-
charge, and there have been virtually 
no studies on methods to improve the 
transition of care from the inpatient to 
the outpatient setting. Nevertheless, 
current recommendations encourage 
that patients and their family or care-
givers receive both written and oral 
instructions regarding their diabetes 
management regimen at the time of 
hospital discharge.5 In addition, clear 
communication with outpatient pro-
viders is crucial for ensuring a safe and 
successful transition to outpatient gly-
cemic management.6 

Conclusions
Inpatient hyperglycemia is common 
and associated with increased risks 
of complications in patients with 
or without diabetes. Correction of 
hyperglycemia with insulin admin-
istration has been shown to improve 
clinical outcomes,5,6 and existing 
clinical evidence favors insulin over 
other antidiabetic agents in achieving 
and maintaining glycemic control in 
hospitalized patients. The basal-bolus 
approach has been shown to improve 
glycemic control and reduce periopera-
tive complications in general medicine 
and surgery patients with diabetes.12,30 
Hypoglycemia is the most frequent 
side effect and the limiting factor for 
achieving glycemic control in the inpa-
tient setting. Although, recent studies 
have reported an association between 
hypoglycemia and increased hospital 
mortality, it remains unclear whether 
hypoglycemia is a direct mediator of 

adverse outcomes and mortality or 
merely a biomarker of disease burden 
and severity. 

Increasing preliminary data indi-
cate that incretin-based therapies have 
the potential to improve glycemic con-
trol with a low risk of hypoglycemia. 
However, more prospective studies are 
needed to determine the safety and 
efficacy of these agents in the hospi-
tal setting. The remaining available 
antidiabetic drugs have a limited role 
in the hospital because of their poten-
tial for serious adverse side effects, 
including the risk of lactic acidosis 
with metformin, hypoglycemia with 
sulfonylureas and glinides, edema and 
heart failure with pioglitazone, and 
dehydration and urinary and genital 
infections with the SGLT-2 inhibitors. 
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This article describes a diabetes champion program in its fifth year of 
operation. This educational intervention was designed to increase direct 
diabetes patient education and has grown into a vehicle for improving quality 
of care and patient safety and reducing gaps in the transitions of care.
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Diabetes Champions: Culture Change Through Education 

There are currently 25.8 million 
people in the United States with dia-
betes, or 8.3% of the population, and 
an additional 79 million Americans 
with prediabetes.1 Diabetes self-
management education is essential, 
yet not enough patients receive it.2 
A recent report by the New York 
State Health Foundation found that, 
despite this growing epidemic, there 
are only 17,000 certified diabetes 
educators (CDEs) nationwide, 600 of 
whom work in the state of New York, 

and the majority (68%) of whom 
provide < 26 hours/week of direct 
patient education.3

On inpatient hospital units, nearly 
50% of admitted patients have dia-
betes as a primary or secondary 
diagnosis.4 The Long Island Jewish 
Medical Center (LIJ) is a 600-bed, 
urban, academic teaching hospital 
with a similar percentage of patients 
with diabetes and only two full-time 
CDEs designated to educate these 
patients. LIJ is located in Queens 


