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Abstract Hypoglycemia is a common problem in hospitalized
patients, particularly the elderly, frail, and severely ill. Hypogly-
cemia has been implicated in the development of adverse clinical
outcomes, including increased mortality. Fear of iatrogenic hypo-
glycemia remains an obstacle to adequate inpatient glycemic
control. However, evidence from large clinical trials is mixed:
several intensive care unit studies have shown either reduced or
no change in mortality with intensive glycemic control, despite
high rates of iatrogenic hypoglycemia, and only 1 large study
showed higher mortality. In the general ward setting, the associ-
ation of hypoglycemia with worse outcomes and mortality has
been frequently reported, but after multivariate adjustment for
comorbidities this association disappears. Spontaneous hypogly-
cemia, rather than iatrogenic hypoglycemia, is strongly associated
with mortality suggesting that hypoglycemia behaves as a bio-
marker rather than a causative factor of adverse outcomes. Inpa-
tient glycemic management should be patient-centered, follow
the current guidelines, and aimed at preventing hypoglycemia.
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Introduction

Achieving normoglycemia in hospitalized patients is crucial,
as both hyperglycemia and hypoglycemia can be harmful

[1••]. The goal of inpatient glycemic control is to avoid
extremes of dysglycemia with a patient-centered approach
that is straightforward, cost-effective, and appropriate for the
individual patient (as shown in Fig. 1). Hypoglycemia and
fear of hypoglycemia are major clinical concerns when treat-
ing both outpatients and hospitalized patients, resulting in
inadequate treatment of hyperglycemia. Hypoglycemia is
common in hospitalized patients, and its prevalence varies
according to the definition used. In non-ICU patients hypo-
glycemia, defined as point-of-care (POC) blood glucose
≤70 mg/dL, has been reported on 3.5 % of patient-days or
4.2 % of all inpatient blood glucose measurements nationwide
[2]. When hypoglycemia is defined as POC blood glucose
≤60 mg/dL, this estimate can increase to 9.5 % of inpa-
tients receiving antihyperglycemic agents [3], and it is
even more common in the sick and elderly [4••]. In gener-
al, the overall prevalence of hypoglycemia among medical
and surgical patients with type 2 diabetes (T2DM) treated
with insulin ranges from 3 %–29 % [5, 6, 7•]. Hypoglyce-
mia has been associated with increased hospital length of
stay, greater cost of hospitalization, and higher mortality
both during hospitalization, and after discharge [8••, 9, 10].
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 [11–14]. Although the associa-
tion between inpatient hypoglycemia and mortality is well-
established, it is still unclear if hypoglycemia, per se, is the
cause of increased mortality, or just a biomarker. Nonethe-
less, it is important to recognize, treat, and attempt to avoid
hypoglycemia using effective inpatient protocols for gly-
cemic management.

Definitions and Controversies

A brief definition of some of the major issues and contro-
versies surrounding inpatient hypoglycemia is helpful in
framing the discussion.
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Hypoglycemia

A blood glucose of <70 mg/dL is often used to define
hypoglycemia for safety reasons. However, “true hypogly-
cemia” is defined when counterregulation occurs, which
varies among individuals. Epinephrine and glucagon release
are triggered at blood glucose <70 mg/dL, followed by
growth hormone, and cortisol at blood glucose <60 mg/dL
[15]. Hypoglycemic autonomic symptoms require even low-
er blood glucose levels, often <50 mg/dL [15]. Severe
hypoglycemia has been defined as blood glucose <50 mg/
dL, or symptoms of hypoglycemia requiring assistance [16].
Therefore a safe, reasonable goal of glycemic control is to
avoid blood glucose levels of <70 mg/dL in hospitalized
patients [1••, 17]. Clinical manifestations of hypoglycemia
can be divided into 2 major groups: autonomic counter-
regulation (ie, tachycardia, tremor, diaphoresis, and hunger),
and neuroglycopenia (ie, dizziness, confusion, tiredness,
seizures, and coma) due to insufficient fuel in the brain. It
is also important to stress that lack of hypoglycemic symp-
toms is common among elderly and sick patients.

Hypoglycemia-Associated Autonomic Failure

Patients with recurrent hypoglycemia may develop
hypoglycemia-associated autonomic failure (HAAF), in
which the catecholamine-mediated autonomic effects and
symptoms of hypoglycemia are blunted [18, 19]. Loss of
autonomic symptoms leads to lack of recognition of hypo-
glycemia until neuroglycopenic symptoms are precipitated.
While this phenomenon is well-characterized in patients
with type 1 diabetes (T1DM), particularly those with long-
standing disease, it is also common in sick and elderly
hospitalized patients. Thus, physicians and nursing staff

need to be aware of “silent” or asymptomatic hypoglycemia,
and altered cognitive function should prompt a POC blood
glucose measurement.

Hypoglycemia-Induced Mortality

Although hypoglycemia is common, hypoglycemia-induced
death from cardiac or neuronal causes is rare. Investigations
into the mechanisms of hypoglycemia-induced cardiac
death have shown that hypoglycemia is associated with
QT prolongation and reentrant arrhythmias, often quoted
as the underlying cause of the “dead in bed” syndrome
[20–22]. Patients with diabetes and a history of recurrent
hypoglycemia, particularly those with longstanding disease
and organ failure, may be more susceptible to such arrhyth-
mias due to cardiac autonomic neuropathy (CAN), which
manifests as decreased baroreflex sensitivity after anteced-
ent hypoglycemia [23]. However, rarely has a definitive
“cause-and-effect” relationship between hypoglycemia and
mortality due to arrhythmias been established [24, 25].
Furthermore, patients with diabetes and CAN do not have
greater QT prolongation than patients with diabetes and no
history of CAN during episodes of experimental hypogly-
cemia. Those with CAN often do not counter-regulate with
excessive catecholamine release, similar to patients with
HAAF, thus decreasing the likelihood of reentrant arrhyth-
mias via this mechanism. Hence, the fact that hypoglycemia
is common but is rarely the immediate cause of death raises
the possibility that HAAF may actually be cardioprotective
by blunting the catecholamine-mediated response to recur-
rent hypoglycemia [26].

Brain death from hypoglycemia is also rare, and requires
a prolonged and profound degree of hypoglycemia. Insulin-
induced hypoglycemia in primates can cause brain death

Fig. 1 Conceptual depiction of
elements influencing clinical
decision-making in glycemic
control of hospitalized patients.
Those with “healthier” charac-
teristics shown on the left
should have a narrower glyce-
mic range. For “sicker” patients
shown on the right wider gly-
cemic targets are acceptable.
Hypoglycemia should be
avoided in all and particularly
the “sicker” patients. (Adapted
with permission from: Ismail-
Beigi F, Moghissi E, Tiktin M,
Hirsch IB, Inzucchi SE, Genuth
S. Individualizing glycemic tar-
gets in type 2 diabetes mellitus:
implications of recent clinical
trials. Ann Intern Med.
2011;154:554–9.) [58]

108 Curr Diab Rep (2013) 13:107–113



when glucose concentrations are maintained at levels
≤20 mg/dL for more than 5 hours [27]. The mechanism of
brain death at the neuronal level in such cases is multifac-
torial and incompletely understood, and neuronal cell death
is exacerbated by overly aggressive correction of hypogly-
cemia to the hyperglycemic range [28]. In rats brain cell
death can occur with glucose levels of ≤35 mg/dL, but
similar data at the cellular level is not available in humans
[29]. Human studies are scarce, but the best evidence we
have is the Diabetes Control and Complications Trial
(DCCT). Careful monitoring of patients in the intensive
arm showed that although they experienced severe and
repeated episodes of hypoglycemia, and cognitive impair-
ments occurred at the time of hypoglycemia, there was no
evidence of central nervous system injury [30]. Similarly, in
hospitalized patients with severe iatrogenic hypoglycemia,
hypoglycemia not only did not result in central neurologic
deficits, but was actually associated with favorable out-
comes [31]. Thus brain death from hypoglycemia, while
possible, is rare.

Risk Factors for Hypoglycemia

Key predictors of hypoglycemic events in hospitalized
patients include older age, more severe illness (presence of
septic shock, mechanical ventilation, renal failure, malig-
nancy, and hypoalbuminemia), diabetes and longer disease
duration, and treatment for hyperglycemia [10, 32]. Other
risk factors include altered nutritional intake due to illness
itself, as well as the placement of patients on nothing-by-
mouth status for purposes of inpatient testing, without con-
comitant appropriate adjustment of glycemic regimen
[32, 33].

Types of Hypoglycemia

It is important to distinguish between spontaneous and iat-
rogenic hypoglycemia. Spontaneous hypoglycemia occurs
in sick hospitalized patients with organ failure, malnutrition,
or those taking predisposing medications. Iatrogenic hypo-
glycemia originates from treatment, and occurs with overly
aggressive glycemic therapy (usually insulin), but it can also
include drug-to-drug interactions, and patients who develop
organ failure while already taking antidiabetic agents.

Blood Glucose Measurement

Glucose values vary depending on the sampling method,
and they differ when obtained from the venous, arterial, or
capillary system. Venous blood is the preferred laboratory
determination, but because of the widespread use of POC
glucose meters, fingerstick capillary blood samples have
also become standard. Glucose values from arterial blood,

measured on a blood gas analyzer are more accurate than
those obtained from capillary blood using a handheld glu-
cose meter, which have up to 20 % allowable error [34•]. In
critically ill patients handheld glucometer measurements can
be even more inaccurate due to anemia and hypoxia, an
issue of particular concern in a group of patients for whom
tighter glucose control is recommended [35, 36]. Anemia
can falsely elevate POC glucometer values, leading to over-
treatment and hypoglycemia [37].

Feeding

Prolonged fasting or starvation alone does not cause hypogly-
cemia, but is a contributing factor in sick individuals who have
decreased caloric intake. Nutritional intake impacts glycemic
management, and insulin, an important anabolic hormone, is
frequently withheld in patients with poor enteral intake due to
fear of hypoglycemia. Therefore, such patients remain hyper-
glycemic and catabolic. Proper nutrition together with insulin
should be provided to ill patients in a catabolic state. Few
randomized trials of feeding strategies in hospitalized patients
are available. The recent EPaNIC trial, which is discussed in
more detail elsewhere in this issue, compared early (within
48 hours) vs late (starting day 8 or later) initiation of parenteral
nutrition in critically ill patients. The results of the trial support
late initiation of parenteral nutrition in the critically ill—
despite significantly higher rates of hypoglycemia to
blood glucose <40 mg/dL in the late-initiation group,
recovery time was shorter and both complications and
costs of hospitalization were reduced [38••].

Consequences of Inpatient Hypoglycemia

Tight glycemic management leads to higher rates of hypo-
glycemia. Patients with hypoglycemia can have complica-
tions related to consequent cognitive dysfunction, such as
falls, and can also have neuroglycopenic manifestations
such as seizures. Such complications may be part of the
reason hypoglycemia can be associated with longer lengths
of stay or the need for higher levels of monitoring in some
cases [8••]. The most crucial issue is whether inpatient
hypoglycemia leads to increased mortality. In Table 1 we
summarize the major inpatient trials of glycemic manage-
ment in the ICU and non-ICU settings with regard to mor-
tality. Although the adult Leuven SICU and MICU trials and
the pediatric ICU trial all showed a decrease in mortality
with intensive insulin therapy, others have not. The Leuven
SICU trial is the best evidence that severe and protracted
hypoglycemia is associated with improved outcomes,
reporting significantly decreased mortality despite high rates
of hypoglycemia in intensively treated patients. The Leuven
MICU trial showed an increase in mortality with intensive

Curr Diab Rep (2013) 13:107–113 109



insulin therapy in the first 3 days of hospitalization, but
overall mortality was decreased or unchanged with intensive
therapy. Only 1 large multicenter trial, NICE-SUGAR,
reported an overall increase in mortality with intensive
insulin therapy [31, 39, 40, 41••]. Other trials such as VISEP
and Glucontrol were terminated early due to unacceptably
high rates of severe hypoglycemia, without increased mor-
tality up to the point of study termination [42, 43]. Of note,
there were important differences between the original
Leuven studies and the NICE-SUGAR trial, including pa-
tient populations studied, blood glucose goals, methods of
blood glucose measurement, feeding strategies, and
achievement of glycemic targets. Only 50 % of intensively

treated patients in NICE-SUGAR maintained the target of
normoglycemia throughout the study, so that the difference
in mean blood glucose levels between the control and inter-
vention arms was not as wide as that achieved in the Leuven
trials [14]. Thus, although profound hypoglycemia to
≤40 mg/dL was more common with intensive insulin ther-
apy in all the ICU studies, ultimately only NICE-SUGAR
reported overall higher mortality.

The DIGAMI trials have been the only studies addressing
intensive glycemic control in patients with diabetes and
acute myocardial infarction [44, 45]. The initial DIGAMI
trial showed decreased mortality in patients with acute myo-
cardial infarction treated intensively with insulin-glucose

Table 1 Intensive glycemic control studies showing rates of hypoglycemia and mortality

STUDY (Reference)
N (% diabetes) Characteristics Definition of

Hypoglycemia
Rate of 

Hypoglycemia Mortality Impact

Surgical ICU (30)
N=1,548 (13%)

Glucose goal
80-110mg/dL
vs. “usual care”

Glucose 
<40mg/dL 
arterial blood 5%  vs. 0.78% 43% ICU p=0.01

34% Hospital p=0.01

Medical ICU (38)
N=1,200 (16.9%)

Glucose goal
80-110mg/dL
vs. “usual care”

Glucose 
<40mg/dL
arterial blood

18.7% vs. 3.1%
9.5% p=0.009

(overall)

(In first 3 days)

Pediatric ICU (39)
N=700 (0.9%)

Normoglycemia
vs. conventional 

Glucose 
<40mg/dL 
(or <30mg/dL 
for neonates)
arterial blood

24.9% vs. 1.4%

3% p=0.038

VISEP (41)
N=537 (30.4%)

Glucose goal 80-
110mg/dL vs. 
conventional

Glucose 
<40mg/dL 
(method not 
documented)

17% vs. 4.1% Study terminated 
early

GLUCONTROL (42)
N=1,101 (18.8%)

Glucose goal 80-
110mg/dL vs. 
conventional (140-
180mg/dL)

Glucose 
<40mg/dL 
(method 
variable)

8.7% vs. 2.7% Study terminated 
early

NICE-SUGAR (40)
N=6,104 (20%)

Glucose goal 81-
108mg/dL) vs. 
conventional

Glucose 
<40mg/dL 
(method of 
testing 
variable)

6.8% vs. 0.5% 2.6% p=0.02
At day 90

At day 28

DIGAMI (43)
N=620 (100%)

Intravenous insulin 
and glucose for 24 
hours followed by 
basal-bolus insulin vs. 
standard therapy

Glucose 
<54mg/dL 
(method not 
reported)

15% vs. 0%
28% p=0.011

At 5 years

DIGAMI 2 (44)
N=1,253 (100%)

Two arms with 
intravenous insulin 
and glucose for 24 
hours (one more 
aggressive) followed 
by basal-bolus insulin 
vs. standard therapy

Glucose 
<54mg/dL 
(method not 
reported)

12.7% in 
intensive 
therapy 
vs. 9.6% 
vs. 1.0% Between the 3 arms

110 Curr Diab Rep (2013) 13:107–113



infusion followed by basal-bolus insulin compared with
standard therapy, but only at 1 and 5 years of follow-up
[44]. The DIGAMI-2 trial failed to demonstrate better long-
term outcomes with more aggressive insulin regimens, al-
though glycemic control did not differ greatly between the
conventional and intensive arms [45]. Overall, the major
inpatient trials from the ICU and non-ICU settings have
provided a mixed set of results, with improved or un-
changed mortality with tight glycemic control. Because
NICE-SUGAR showed an increased mortality rate, it con-
tributed to fear of iatrogenic hypoglycemia, and was critical
in changing policy recommendations [1••]. When examined
together the inpatient glycemic management trials do not
clearly establish hypoglycemia as a cause of increased mor-
tality in hospitalized patients. In fact, a recent meta-analysis of
26 ICU trials found no benefit or harm of intensive glycemic
therapy, despite higher rates of hypoglycemia with intensive
treatment [46]. We use these controversial results to highlight
that patient-centered glycemic management, as illustrated in
Fig. 1, is more appropriate than a “one-size-fits-all” approach.

The major outpatient clinical trials of diabetic glycemic
management also, as expected, reported much higher rates
of hypoglycemia with intensive glycemic control. It is difficult
to translate these studies to the inpatient population given the
differences in type of hyperglycemia treatment, length of
diabetes treatment, and differences in acute illness. However,
outpatient trials are often applied to hospitalized patients in the
general medical ward setting. It is noteworthy that only a
single study, the ACCORD trial, demonstrated increased mor-
tality with intensive glycemic therapy in patients with T2DM
[47], and the increased mortality was not due to hypoglycemia
[16]. All other landmark outpatient clinical trials comparing
intensive glycemic control with standard therapy showed no
significant differences in macrovascular outcomes or mortal-
ity, in spite of higher rates of hypoglycemia in the intensive
treatment arms [48–53]. The posited link between hypoglyce-
mia and cardiovascular events has also been examined in the
BARI 2D study of high-risk patients with well-established
ischemic heart disease. No difference in mortality or major
cardiovascular events was reported in the intensively treated
patients despite higher rates of hypoglycemia [54]. More
recently, the EURODIAB Prospective Complications Trial
of patients with T1DM reported that intensively treated
patients with higher rates of hypoglycemia did not have higher
incidence of cardiovascular disease or increased serum
markers of inflammation [55••].

Robust data in the inpatient general medical ward setting
illuminates the crucial role of underlying disease burden in
determining the impact of hypoglycemia on mortality. A
recent large retrospective cohort study showed a significant
association between inpatient hypoglycemia and mortality
in the hospital and at 1 year after discharge; the odds of
inpatient mortality progressively increased as severity of

hypoglycemia worsened [8••]. The higher mortality at 1 year
after discharge in patients with prior, non-temporally asso-
ciated inpatient hypoglycemia strongly suggests that hypo-
glycemia was a biomarker of disease severity rather than a
direct cause of death. Further studies have bolstered this
hypothesis, and highlight the importance of distinguishing
between spontaneous and iatrogenic hypoglycemia. This
was confirmed in a study of patients with acute myocardial
infarction (about half had diabetes) which found that hypo-
glycemia (defined as blood glucose ≤60 mg/dL) was a pre-
dictor of in-hospital mortality only in patients with
spontaneous hypoglycemia and more severe medical illness.
Iatrogenic hypoglycemia was not associated with a high mor-
tality rate [56]. This was also consistent with the DIGAMI-2
trial, which showed that hypoglycemia was not an indepen-
dent predictor of mortality or cardiovascular events (up to
3 years of follow-up) once corrected for severity of underlying
illness [57]. Most recently, the largest retrospective cohort
study analyzing the relationship between inpatient hypogly-
cemia (defined as blood glucose ≤70 mg/dL) and mortality
among patients with and without diabetes admitted to general
medical wards confirmed that spontaneous hypoglycemia, but
not iatrogenic hypoglycemia, was associated with increased
risk of inpatient mortality [4••]. After multivariate adjustment
for patient demographics and comorbidities, hypoglycemia
was no longer associated with mortality. These findings estab-
lished that spontaneous hypoglycemia behaves as a biomarker
of disease severity, rather than a direct cause of death.

Implications for Inpatient Glycemic Management
and Transitions of Care

The evidence of the impact of hypoglycemia on hospitalized
patients’ outcomes supports several management strategies.
Key principles include avoiding dysglycemia in hospitalized
patients, avoiding iatrogenic hypoglycemia, and practicing
patient-centered care, especially in elderly and sick patients
in whom glycemic goals may be more liberal (as shown in
Fig. 1). Glycemic regimens should be reevaluated when
blood glucose falls below 100 mg/dL, and altered when
blood glucose falls below 70 mg/dL [1••]. There are few
randomized clinical trials to guide glycemic management on
the general medical wards, where most hospitalized patients
are cared for. The RABBIT-2 trial established the superiority
of basal-bolus insulin to sliding scale insulin therapy in
hospitalized patients with T2DM [6], highlighting the inef-
fectiveness of a reactive sliding scale approach and its
propensity to cause more hypoglycemia. In addition, the
DEAN trial showed that insulin regimens comprised of
NPH and regular insulin achieved similar glycemic control
to basal-bolus regimens of detemir and aspart in hospitalized
patients with type 2 diabetes, without significant differences
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in hypoglycemia or other outcomes. [7•]. Oral hypoglyce-
mic agents are typically not recommended for inpatient
management, and the use of non-hypoglycemic agents
needs to be studied. There may be a role for inpatient use
of incretin-based therapies that have low risk of hypoglyce-
mia when used alone, such as GLP-1 agonists and particu-
larly DPP4-inhibitors. However, clinical trials are necessary
in order to establish their role in hospitalized patients. Ef-
fective and straightforward inpatient glycemic regimens,
including protocols for management of hypoglycemic
events and insulin dose adjustments, are of paramount im-
portance. Finally, maintenance of normoglycemia is impor-
tant when care is transitioned from the inpatient to the
outpatient setting.

Conclusions

We have discussed that hypoglycemia is common, particularly
in elderly and sick patients. It remains unclear whether epi-
sodic inpatient hypoglycemia is a direct mediator of adverse
outcomes and mortality or merely a biomarker of disease
burden and severity. Although evidence supports the latter
theory, hypoglycemic events are certainly associated with
the potential for harm and should be avoided.More aggressive
insulin regimens appear to be beneficial in some patient pop-
ulations, but should be avoided in frail, ill patients with
truncated life expectancy. Hospitalized patients suffering from
hypoglycemia, particularly spontaneous hypoglycemia, carry
a poor prognosis. When hypoglycemia occurs, the cause
needs to be elucidated and treatment regimen adjusted appro-
priately. Inpatient glycemic protocols should be effective, not
labor-intensive, and patient-centered.
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