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Introduction

During the past two decades, there has been in-
creasing interest in determining the impact of inpatient

hyperglycemia on clinical outcomes1–5 and in conducting
clinical trials to determine the best treatment regimens for the
management of hyperglycemia and diabetes in hospitalized
patients.6,7 The results of these studies have shown that hy-
perglycemia, in patients with and without diabetes, is asso-
ciated with increased risk of hospital complications and
mortality.8–10 We have also learned that avoidance of hy-
perglycemia (glucose level of >180–200 mg/dL) reduces the
risk of hospital infections, length of stay, and mortality.11 In
recent years, we have learned that hypoglycemia, as the result
of intensive insulin therapy, is associated with increased risk
of complications and mortality.12–14 Based on these results,
clinical guidelines are recommending a glucose target be-
tween 140 and 180 mg/dL in the intensive care unit (ICU)15,16

and a glucose target of <140 mg/dL before meals and a
random glucose level of <180 mg/dL in non-ICU settings.17

There are numerous areas of controversy and unanswered
questions regarding inpatient management of hyperglyce-
mia and diabetes to be addressed in future studies. We list a
few interrogates in the area of stress hyperglycemia, hos-
pital management of hyperglycemia and diabetes, and the
use of continuous glucose monitoring (CGM) in the hospital
setting.

Stress hyperglycemia, defined as the development of high
glucose values during an acute medical or surgical illness, is
reported in 32–38% of community hospitals,4,18,19 40–50%
of cardiac patients with acute coronary syndromes and heart
failure,20 and in up to 80% of ICU patients after cardiac
surgery.21,22 Several studies have reported a higher in-hos-
pital death rate and complications compared with patients
with a known history of diabetes.1,3,4,23 Beside these im-
portant findings, there are many questions regarding stress
hyperglycemia—what glucose level should be used to define
hyperglycemia during acute illness, what is the pathogenesis
and who is at risk of developing stress hyperglycemia, if the
association between stress hyperglycemia and poor clinical
outcomes is causal or merely an underlying paraphenomena

of the severity of illness, and what is the best treatment reg-
imen and glucose level that should be targeted in patients
with stress hyperglycemia. Finally, what are the long-term
ramifications in terms of future diabetes risk?

The results from observational and randomized controlled
trials indicate that correction of hyperglycemia, in patients
with and without diabetes, is associated with reduced risk
of hospital complications and mortality.24–26 In the 1990s
clinical trials of insulin–glucose infusion in diabetes patients
with acute myocardial infarction or after coronary artery
bypass surgery reported that a blood glucose level reduction
from approximately 250 mg/dL to approximately 170 mg/dL
resulted in a significant reduction in mortality and hospi-
tal complications.24,25 With one exception,22 several recent
clinical trials in critically ill patients have failed to demon-
strate improvement in mortality with the use of intensive
insulin treatment (target glucose level of <110 mg/dL).6,27 It
is not known, however, if a target glucose level between 110
and 140 mg/dL may result in a lower rate of complications
compared with the higher recommended target of 140–
180 mg/dL. This important clinical question needs to be an-
swered in large randomized control trials. Furthermore, the
appropriate target may differ among patient populations,
such as surgical versus medical patients.

In general medical and surgical patients, despite numerous
observational studies reporting an increased rate of complica-
tions and mortality, only one randomized study has been
conducted to determine if improved glucose control reduces
the rate of infections and hospital complications in general
surgery patients.28 Today no large studies have been conducted
to determine if improved control in non-ICU patients may
result in reduced morbidity and mortality in general medicine
patients. In addition, clinical trials aiming to determine if a
target glucose level of <140 mg/dL is better than a more
conservative target of <180 mg/dL must be conducted.

Current clinical guidelines recommend the use of intrave-
nous insulin in most hospitalized critically ill patients and
subcutaneous basal bolus insulin in most patients outside of the
ICU.14–16 In general, it is advised that most non-insulin ther-
apies be discontinued at hospital admission. However, this can
encourage the ineffective use of sliding-scale monotherapy,
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may disrupt glucose control, and may complicate the discharge
process. Therefore, an investigation of other strategies is of
interest.

A preliminary clinical trial with the use of sitagliptin in
general medicine and surgery patients recently reported that
the use of dipeptidyl peptide-4 inhibitors may be safe and
efficacious in diabetes patients with mild to moderate hy-
perglycemia.29 Two large multicenter studies in general
medicine patients are currently investigating the safety and
efficacy of dipeptidyl peptidase-4 inhibitors in non-ICU
settings. The sitagliptin inpatient trial (NCT 01845831)
will compare the combination of sitagliptin plus low-dose
basal insulin versus a standard basal bolus regimen in med-
icine and surgery patients. The linagliptin surgery trial (NCT
02004366) will compare the use of linagliptin once daily plus
correction doses of rapid-acting insulin analogs versus basal
bolus insulin therapy in general non-cardiac surgery patients.
Dipeptidyl peptidase-4 inhibitors are safe in the hospital,29

but the results of these trials are needed to determine the
efficacy of these agents in the inpatient setting and appro-
priate candidates for therapy.

Other oral agents are commonly used in the hospital; how-
ever, their use could be associated with increased risk
of complications such as worsening heart failure with the use of
thiazolidinediones, hypoglycemia with insulin secretagogues,
hypotension and urinary tract infections with sodium–glucose
cotransporter 2 inhibitors, and lactic acidosis with metformin
therapy.30–32 Glucagon-like peptide-1 receptor agonists have
received increasing attention as effective agents that do not
cause hypoglycemia, but their use may be limited by gastro-
intestinal side effects.33

Effective treatment algorithms are needed to guide dia-
betes care at hospital discharge in general medicine and
surgery patients with type 2 diabetes. There is exten-
sive evidence of clinical inertia, defined as failure to initiate
or intensify therapy when it is clinically indicated, in the
inpatient management and at the time of hospital dis-
charge.34,35 A recent pilot, prospective, multicenter clinical
trial reported that admission levels of hemoglobin A1c
(HbA1c) are helpful, not only in assessing glycemic control
prior to admission but also in tailoring the treatment regi-
men at the time of hospital discharge.36 In this study, pa-
tients admitted with a HbA1c level of < 7% were discharged
on the same pre-admission diabetes therapy (oral agents or
insulin), those with an HbA1c level between 7% and 9%
were discharged on the combination of oral agents plus half
of the inpatient basal insulin dose, and patients with an
HbA1c level > 9% were discharged on the combination of
oral agents and 80% of the inpatient basal insulin dose or on
a basal bolus insulin regimen. In that study, the HbA1c level
in the entire cohort was reduced after 12 weeks of discharge
by 0.1%, 0.8%, and 3.2% in patients with an HbA1c level
of < 7%, 7–9%, and > 9%, respectively. Additional studies
with longer duration of follow-up are needed to determine
the best treatment regimens for managing patients with
hyperglycemia and diabetes after hospital discharge. Ad-
ditional studies are needed to determine the role of diabetes
education and of processes of care at discharge, such as
medication reconciliation, identification and case manage-
ment of patients at high risk for re-admission, communi-
cation of discharge regimens to patients and providers, and
hospital follow-up.

The third large area that requires attention is the need for
improved point-of-care meters and role of new CGM de-
vices (intravenous, subcutaneous) in critical care and non-
critical care units. Bedside capillary point-of-care testing is
currently recommended as the preferred method for glu-
cose monitoring and to guide glycemic management of in-
dividual patients in the hospital setting.37 The accuracy of
most hand-held glucose meters, however, is far from opti-
mal, with a variance of up to 20% for meter measurements
compared with the true blood glucose level.38–43 This has
major implications for the capacity to implement tighter
glucose control strategies. The results of small, mostly non-
randomized studies are promising, indicating benefits of
using real-time CGM in the hospital in detecting hypogly-
cemia in a more timely fashion compared with point-of-care
testing. CGM may also reduce nursing workload and hos-
pital costs.42 However, it is not known if the use of CGM
over the short course of a routine hospitalization will im-
prove clinical outcomes.

This editorial is a call to action inviting clinical re-
searchers to improve the care of millions of inpatients with
hyperglycemia and diabetes to seek solid evidence in well-
designed clinical trials. We hope that the answer to the
numerous clinical questions highlighted in this editorial will
improve the care of patients with diabetes admitted to the
hospital.
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