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DIABETES, HYPERGLYCEMIA, AND THE CARDIOLOGIST

Management of Diabetes 
in the Hospital
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Hyperglycemia is a common complication in hospitalized patients, particularly among
patients with acute myocardial infarction. It is an independent predictor of cardiovas-
cular mortality and morbidity. Management of hyperglycemia with intensive insulin
therapy has been shown to improve survival, reduce length of stay in intensive care,
and decrease complications such as renal failure or prolonged mechanical ventilation
in critically ill patients. Insulin infusions are now recommended for the treatment of
hyperglycemia in several groups of patients, including patients in the intensive care
unit and those undergoing major surgery. Implementation of protocols and standard
orders may be useful to ensure the optimal use of insulin in the management of hyper-
glycemia. Fewer data are available to guide the management of hyperglycemia outside
the intensive care setting. A variety of subcutaneous insulin regimens are now available
with different pharmacokinetic profiles. These agents are preferred to controlling blood
sugar with sliding scale regimens alone. Oral therapies may also have a role, but many
agents may be contraindicated in the acute setting. As hyperglycemia has been shown
to have significant adverse impact on patient outcomes in a variety of settings, cardiol-
ogists need to play a role in efforts to achieve adequate glycemic control in hospitalized
patients with hyperglycemia in an effort to improve patient outcomes.
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There is now convincing evidence that insulin has many other properties
beyond lowering glucose. In particular, insulin has anti-inflammatory
properties, and it suppresses oxidative stress in patients whose blood

glucose is normal or near normal.1 However, in the setting of elevated blood
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glucose or possibly insulin resis-
tance, these benefits of insulin may
not be observed.2,3

Hyperglycemia plays a significant
role in the pathogenesis of cardiovas-
cular disease. It promotes the forma-
tion of reactive oxygen species, and it
increases the production of intracel-
lular advanced glycation end prod-
ucts.4 This increase in oxidative stress
contributes to a lower bioavailability
of nitric oxide, the hallmark of en-
dothelial dysfunction. In addition,
vascular cell adhesion molecules are
activated by the glycation end
products, a process that stimulates
the inflammatory cascade. Hyper-
glycemia is an independent predictor
of cardiovascular morbidity and mor-
tality.5-7 The problem is compounded
by the fact that even short-term ele-
vations in blood glucose, such as
post-prandial hyperglycemia, pro-
mote the formation of reactive oxy-
gen species, which may exacerbate
cardiac and vascular disease.8 Several
potential mechanisms lead to the in-
dependent relationship of hyper-
glycemia and cardiovascular disease
(CVD) including glycosylation end
products, stimulation of inflamma-
tion, and endothelial dysfunction.

Hyperglycemia is very common in
the hospital setting, particularly after
acute myocardial infarction (AMI).
The high prevalence of hyper-
glycemia among hospitalized pa-
tients may be due to several factors,
including stress, carbohydrate intol-
erance, increased circulating cate-
cholamines, or previously undiag-
nosed diabetes. Regardless of the
cause, hyperglycemia is a negative
prognostic factor in such patients.

However, the risk appears to be
greater among hyperglycemic pa-
tients without a prior diabetes diag-
nosis, presumably because of the
likelihood of increased endothelial
damage associated with years of un-
controlled blood glucose.9,10 Data are
conflicting as to the value of treating
hyperglycemia to goal in such pa-
tients, particularly after AMI. More
controversial is the methodology

used to achieve glycemic targets in
such patients, as different studies
have used a variety of protocols with
different insulin dosing strategies,
routes of administration, and moni-
toring parameters, many of which
work in some settings but not in
others. Intravenous insulin appears
to achieve the best results due to its
rapid onset of action and predictable
pharmacokinetics. However, intra-
venous insulin therapy carries cer-
tain risks including hypoglycemia

and the potential for dosing errors,
and its administrative challenge–
particularly outside the setting of in-
tensive care units. On the wards, the
majority of patients are treated with
subcutaneous insulin, and many are
not treated to goal. Subcutaneous in-
sulin may fail to achieve blood glu-
cose goals because of the tendency to
rely on sliding scales without provid-
ing appropriate basal coverage, and
because of failure to adjust the sliding

scale dose according to the patient’s
response on the preceding days.11

Both hyperglycemic and hypo-
glycemic events are quite common
and blood glucose targets are often
not achieved. 

Some of the best evidence support-
ing the need for optimizing glycemic
control in the inpatient setting
comes from studies performed in the
intensive care unit (ICU) setting.12,13

Critically ill patients were treated
with intravenous insulin to main-
tain a blood glucose level of 80 to
110 mg/dL, with 50% reductions in
mortality, kidney failure, and a
shorter hospital stay. Intensive in-
sulin therapy was associated with a
42% risk reduction in mortality as
compared to conventional therapy.12

Intensive therapy was also associated
with earlier weaning from mechani-
cal ventilation (HR 1.21; 95% CI,
1.02-1.44, P � .03) and earlier dis-
charge from the ICU (HR 1.15; 95%
CI, 1.01-1.32, P � .04).13 In patients
with AMI, elevated blood glucose lev-
els are a predictor of mortality, and
they are associated with a larger in-
farct size and a greater propensity to
develop congestive heart failure
(CHF). Hyperglycemia may induce
changes in the myocardium that lead
to heart failure development through
increased oxidative stress, glycosyla-
tion of proteins, alteration in protein
kinase C isoforms, and cardioneu-
ropathy. Activation of the sympa-
thetic nervous system and increased
cytokines may also play a role.14 In
addition, the insulin deficiency asso-
ciated with hyperglycemia results in
increased lipolysis and higher levels

The high prevalence of hyperglycemia among hospitalized patients may be
due to several factors, including stress, carbohydrate intolerance, increased
circulating catecholemines, or previously undiagnosed diabetes. Regardless
of the cause, hyperglycemia is a negative prognostic factor in such patients. 

Critically ill patients were treated with intravenous insulin to maintain a
blood glucose level of 80 to 110 mg/dL, with significant reductions in mor-
tality, kidney failure, and a shorter hospital stay. Intensive insulin therapy
was associated with a 42% risk reduction in mortality as compared to con-
ventional therapy.
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of circulating free fatty acids. Free
fatty acids increase myocardial
oxygen demand, and as a result, they
may lead to further myocardial cell
damage during myocardial is-
chemia.15 Ischemic preconditioning is
also impaired, leading to increased in-
farct size.16 Over the last few years, an
attempt has been made to develop a
consensus on glycemic targets in hos-
pitalized patients. The American As-
sociation of Clinical Endocrinologists
(AACE) has recommended that in the
ICU setting, a blood glucose level of
110 mg/dL is desirable, whereas on
medical and surgical wards, the pre-
prandial blood glucose target should
be 100 mg/dL and the maximum glu-
cose level should be � 180 mg/dL.17

The American Diabetes Association
(ADA), in a technical review,16 rec-
ommended an ICU target of 80 to
110 mg/dL and a non-ICU target of
less than 110 mg/dL before meals, and
a peak postprandial value of less than
180 mg/dL. Clement and colleagues
recommend that intravenous insulin
should initially be used to achieve
these goals, followed by multi-dose
subcutaneous insulin in patients post-
AMI. They emphasize that IV or
subcutaneous insulin infusion is safe
and effective for achieving metabolic
control during major surgery and in
hemodynamic instability while a
patient is not eating.16 With the dis-
continuation of intravenous insulin,
transition to a meal-related insulin
schedule is preferable to sliding-
scales.16 The ADA and AACE have
issued a joint consensus statement on
the implementation of strategies to
manage diabetes in hospital.17

Barriers to Improving 
Hyperglycemia Management
Considerable barriers exist to good
management of hyperglycemia in
the hospital setting. It requires incre-
mental nursing time and effort, and
some degree of skepticism remains
about the benefits of good glycemic
control in the hospital. However, re-
versal of hyperglycemia is associated
with improved clinical outcomes.
This improvement in outcomes has
been most evident in the setting of
post-MI, cardiac surgery, infection,
and critical illness.17 Cardiologists
encounter these patients on a daily
basis, and effectively managing hy-
perglycemia is an important inter-
vention that can positively impact

long-term outcomes. In addition, en-
suring adequate glycemic control
will become even more important as
performance measures are developed
to evaluate the extent to which hos-
pitals are achieving glycemic goals.17

The major obstacle to change in this
area is the fear of hypoglycemia. A
broad educational effort and process
implementation, including inte-
grated information systems to allow
tracking and monitoring trends in
glycemia data, are needed to over-
come these barriers.

Table 1 outlines the strategy for in-
patient diabetes management that
includes a multidisciplinary team,
established with the support of hos-
pital administration, along with staff
education. This team will enable
the development and implementa-
tion of standardized dose titration
protocols, metrics for evaluating
achievement of glycemic goals, and

standardized methods for post-
discharge follow-up.

Pathophysiological Barriers 
for Achieving Good Optimal
Glucose Control
Metchick and colleagues outlined sev-
eral important changes in the patho-
physiology of diabetes that con-
tribute to poor glycemic control in
the hospital (Table 2). These factors

Table 1
Strategies to Improve Inpatient

Diabetes Management

• Appropriate administrative support

• Formation of a multidisciplinary
team

• Assessment of barriers to care

• System-wide change and acceptance

• Staff education

• Development and implementation
of standardized and dose titration
protocols

• Metrics for evaluation

• Patient participation

• Post-discharge follow-up

Table 2
Changes in the Pathophysiology 

of Diabetes That Contribute 
to Poor Glycemic Control 

in the Hospital

Causing Hyperglycemia
“Stress hyperglycemia”
Corticosteroid therapy
Decreased physical activity
Discontinuation of O/P regimen
Medicine/insulin errors, interruptions
“Insulinophobia”

Causing Hypoglycemia
Decreased caloric intake
Meal interruptions
Monitored compliance
Medicine/insulin errors
Insulin “stacking”
Altered cognitive status

The American Association of Clinical Endocrinologists has recommended
that in the ICU setting, a blood glucose level of 110 mg/dL is desirable,
whereas on medical and surgical wards, the pre-prandial blood glucose
target should be 100 mg/dL and the maximum glucose level should be less
than 180 mg/dL.
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need to be addressed in order to
achieve normal glycemia.18 Abnor-
malities that lead to hypoglycemia
include stress, drug therapy, de-
creased physical activity, discontinu-
ation of outpatient treatment regi-
mens, errors in medicine and insulin
administration (including interrup-
tion in treatment), and, finally, a fear
of using insulin. On the other hand,
several factors tend to decrease blood
glucose values and create separate
problems. These include decreased
calorie intake, meal interruptions,
errors in insulin dosage, erratic ab-
sorption from subcutaneous tissue,
and, finally, the altered cognitive
state of the patient. Queale and col-
leagues found several predictors of
both high and low blood glucose in
the hospital setting.11 Independent
predictors of hyperglycemia in-
cluded female gender, APACHE III
score, severe diabetic complica-
tions, admission glucose, infectious
disease as the admitting diagnosis,
use of a conservative sliding scale
(vs no sliding scale), and cortico-
steroid use. Use of either an oral
agent or NPH insulin versus no
standing regimen and dialysis con-
ferred a lower risk of hyperglycemia.
Low serum albumin was an inde-
pendent predictor of hypoglycemic
events, whereas corticosteroid use
was associated with a lower risk of
hypoglycemia.11

Stress hyperglycemia is an impor-
tant mediator of glucose abnormali-
ties in the hospital, and it has severe
consequences for the patient, includ-
ing osmotic diuresis, change in renal
blood flow, halted wound healing
and immune function, electrolyte
shift, decreased endothelial func-
tion, inflammation, and secretion of
a wide variety of potentially detri-
mental cytokines. In stressful condi-
tions, the hypothalamic-pituitary-
adrenal (HPA) axis is activated,
resulting in cortisol release from the

adrenal gland.19 Norepinephrine, ep-
inephrine, glucagon, and growth
hormone release also increases.
Peripheral insulin resistance is pre-
sent, and insulin release may be fur-
ther suppressed by interleukin-1 or
tumor necrosis factor-�. Stress hyper-
glycemia results from the combina-
tion of low insulin levels, insulin
resistance, and increased levels of
counter-regulatory hormones.19

Insulin Infusion Protocols
Several protocols to guide inpatient
insulin use have been published
(Figures 1 and 2).20-22 First, intra-
venous insulin has many advantages,
and it can either be given mixed
with glucose to provide nutrition or
administered through a separate infu-
sion line. Goldberg and associates
described a protocol that is relatively
simple to use, and it targets a blood

Figure 1. An example of intravenous insulin infusion. BG, blood glucose. Reprinted with permission from Trence
DL et al.20
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General Insulin Dosing Recommendations:
A. Patients with Type 1 Diabetes

This patient must have insulin to prevent ketosis. Even if the patient is not eating, he/she will need at least basal insulin (NPH/Lente/
Ultralente/Glargine) to prevent ketosis.
1. When admitting a patient with Type 1 diabetes, continue the basal insulin that they were taking at home at the same dose. If the

patient will be NPO, use an insulin drip rather than subcutaneous insulin. The prandial insulin (Regular/Lispro/Aspart) may require
adjustment depending on the patient’s situation. If the patient is eating much less the prandial insulin will need to be reduced. Many
hospitalized patients are under significant metabolic stress (infection, glucocorticoids, etc.) and may require larger doses of prandial
insulin despite eating less.

2. If a patient is newly diagnosed the usual daily insulin requirement is 0.5–0.7 units/kg/day. Half or 50% should be given as basal
insulin and the remainder as prandial insulin.

B. Patients with Type 2 Diabetes
1. If patient is using insulin at home, continue the outpatient regimen and adjust as needed.
2. If patient has not been using insulin previously, the usual total daily insulin requirement is 0.4–1.0 units/kg/day.

Note: Individual insulin doses vary widely and adjustments should be made based on the bedside and laboratory glucose levels.

Figure 2. Subcutaneous insulin orders. Reprinted with permission from Trence DL et al.20
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glucose of 100 to 139 mg/dL. Insulin
infusion rates are altered based on
frequent blood glucose monitor-
ing.21 Others have described a proto-
col that has the advantage of chang-
ing infusion rates for different levels
of glucose, depending on the pa-
tient’s insulin-resistant status, which
in turn may reflect the severity of ill-
ness.20,22 It is appropriate for hospi-
tals to develop their own infusion
protocols based on resources that are
available. Blood glucose levels must
be monitored frequently regardless
of the protocol used, a requirement
that may be challenging until better
methods for such monitoring be-
come available.23 Clement and col-
leagues recommend that capillary
blood glucose be checked every hour
until it is within the goal range for
4 hours. Monitoring can then be de-
creased to every 2 hours for 4 hours,
and if it remains stable, then moni-
toring may be decreased to every 
4 hours. However, hourly monitoring
may be indicated for critically ill pa-
tients even if the blood glucose has
been stable.16 

Management of Patients Outside
the Intensive Care Unit
The management of a patient on the
ward is more complex, in that there
are no clearcut approaches to manage
every patient, and multiple clinical
situations must be considered. Very
little research has been done to assess
treatment protocols in this setting
and to relate them to important
patient outcomes. The appropriate
strategy to maintain optimal glycemic
control depends on the type of dia-
betes (type 1 vs type 2), which regi-
men the patient has been using as an
outpatient, and whether adequate
glycemic control has been achieved
with the regimen. It is also depen-
dent on the current glucose, the pa-
tient’s dietary status, and the reason
for hospitalization. These factors

must be considered because they may
influence the risk of hypoglycemia,
the pharmacokinetics of subcuta-
neous insulin, or the patient’s oral in-
take. For patients whose stay is very
short it may be impossible to insti-
tute insulin regimens for optimal
glycemic control. On the other hand,
for a patient whose stay is likely to be
more than 2 to 3 days it may be pos-
sible to start a treatment regimen
that is based on the patient’s nutri-
tional status and level of glycemic
control. In addition, some oral thera-
pies may be contraindicated depend-
ing on the patient’s comorbidities
and/or reason for hospitalization.
These variables are ultimately used to
determine whether subcutaneous or
intravenous insulin, or oral agent ad-
ministration is most appropriate. As
previously described, insulin infu-
sions are preferred in severely decom-
pensated type 1 diabetes (with or
without ketoacidosis), type 2 diabetes
with hyperglycemic hyperosmolar
state, intensive care settings, and in
patients who require prolonged peri-
ods without oral intake after surgical
procedures.16

Many oral agents are available to
treat type 2 diabetes, and patients are
frequently prescribed combinations
of these medications. Some of these
therapies may be contraindicated in
the acute setting. For example,
acutely ill patients may be at greater
risk of developing lactic acidosis on
metformin therapy, particularly in
clinical situations such as heart fail-
ure or MI. Similarly, thiazolidine-
diones (TZD) may need to be discon-
tinued in the presence of edema or
congestive heart failure. In general,
sulfonylureas may be continued,
with changes in dose or interval as
needed based on formulary consider-
ations. Theoretical considerations
against using sulfonylureas include
the propensity of some first genera-
tion sulfonylureas to block ischemic

preconditioning.24 However, this
concept has not been supported by
data from long-term outcome stud-
ies, and it is possibly not an issue
with newer sulfonylureas.24 In gen-
eral, insulin is recommended in
place of oral agents in the ICU.16

Insulin sliding scales are fre-
quently used in the hospital, mainly
because they are easy to order and
seem to be ingrained in medical
practice. However, they have many
disadvantages including marked
fluctuations in blood sugars because
the insulin dose is calculated retro-
spectively. Absorption of subcuta-
neous insulin may be altered in ede-
matous states or in the setting of
decreased perfusion. In addition, in-
sulin requirements often rapidly
change in the acute setting, and
sliding scales may be inadequate to
respond to the patient’s changing
insulin needs. Protracted hypo-
glycemia may also be problematic.16

In particular, sliding scales are not
evidenced based, and in fact, most
studies argue against their usage.
They are labor intensive and not
proactive, and they frequently dose
with too little insulin. Several alter-
natives exist to sliding scales. These
include basal insulin therapy alone,
preferably with long-acting analogs,
given once or twice a day; or basal
bolus therapy with a long-acting or
intermediate-acting analog, given
once or twice a day, with a short-
acting analog of insulin given with
meals. It may also be possible to
manage some patients on premixed
insulin or self-mixed insulin. Over
and above the scheduled doses, “cor-
rection doses” may also be given.

For well-controlled patients, it is
generally acceptable to continue with
the home insulin regimen. If the pa-
tient is using a non-formulary in-
sulin, it may be appropriate to switch
to a formulary insulin with similar
pharmacokinetics. For patients with
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poorly controlled diabetes, the home
regimen may need to be adjusted
with higher doses of insulin, or the
patient could be switched to a more
physiological basal insulin regimen.

For patients who were not being
treated with insulin prior to admis-
sion, it is usually appropriate to start
with low doses of basal insulin (0.2
to 0.3 units/kg per day, along with
0.05 units/kg per meals as a prandial
bolus). For example, a 100-kg male
could be started on a long-acting
insulin in a dose of 20 to 30 units at
bedtime and 5 units of rapid-acting
insulin with each meal. In addition,
a pre-meal correction may be appro-
priate, based on a blood glucose at
that time. 

In order to optimally prescribe in-
sulin, physicians must become famil-
iar with the pharmacokinetics of
various insulin preparations. These
range from rapid-acting analogs
(lispro, aspart, and glulisine), to
long-acting analogs, such as glargine
and detemir. Long-acting analogs are
routinely administered at night, and
short-acting insulin is typically ad-
ministered with meals. Table 3 sum-
marizes the pharmacodynamics of
several available insulin products.

It is also important to recognize
that the insulin requirement may
change in a hospitalized patient and,
in fact, patients who are acutely ill
often require higher doses of insulin,
despite the fact that their caloric in-
take is low. Several special situations
need to be addressed in hospitals. Pe-
rioperative care may often require an
insulin infusion as described above
and frequent blood glucose monitor-
ing. Enteral feeding is also a special
circumstance that may warrant con-
sideration. These patients can often

be treated with a basal insulin dose
once or twice a day. Treatment dur-
ing states of iatrogenic insulin resis-
tance is of particular importance, in-
cluding steroid therapy and the use
of total parenteral nutrition (TPN),
both of which induce severe insulin
resistance that will require higher
doses of intravenous insulin. 

Hypoglycemia management in
the hospital is important in order
to prevent a rebound rise in blood
glucose due to counter-regulatory
hormone secretion or overzealous
treatment. Either directly or indi-
rectly, hypoglycemia may be
associated with cardiac ischemia
and increased mortality.16-18 Hypo-
glycemia in conscious patients is
best treated with glucose tablets or
fruit juice, with repeat blood glu-
cose monitoring in 15 minutes. In-
travenous glucose or glucagon may

be used in patients who are unable
to eat, but the possibility of severe
rebound hyperglycemia should be
considered.

Finally, a plan for maintenance and
follow-up is needed for patients prior
to hospital discharge. The discharge
plan should emphasize the correct di-
agnosis, particularly for patients who
are newly diagnosed with diabetes.
When a diagnosis is unclear, a plan to
establish the diagnosis over the next
few weeks should be formulated. The
discharge plan should have clear rec-
ommendations for the therapeutic
approaches to achieve short and long-
term glycemic control and for follow
up diabetes education. Insulin may be
needed in the short-term for a patient
with infection, or steroid therapy
might be recommended, but then the
patient could be switched to oral
agents upon full recovery. It is also
important to recognize that patients
with newly diagnosed type 2 dia-
betes may have other complications
of diabetes, and they should be
screened for diabetic retinopathy

Table 3
Insulin Treatment:

Comparison of Human Insulins and Analogues

Preparation Onset Peak Duration

Lispro/Aspart 5-15 min 1-2 h 4-6 h

Regular 30-60 min 2-4 h 6-10 h

NPH/Lente 1-2 h 4-8 h 10-20 h

Ultralente 2-4 h Unpredictable 16-20 h

Glargine 1-2 h Flat ~24 h

Detemir 1-2 h Less flat 12 h

The time course of action of any insulin may vary in different individuals, or at different times in the
same individual. Because of this variation, time periods indicated here should be considered general
guidelines only.

For patients who were not being treated with insulin prior to admission, it
is usually appropriate to start with low doses of basal insulin (0.2 to 
0.3 units/kg per day, along with 0.05 units/kg per meals as a prandial
bolus). In addition, a pre-meal correction may be appropriate, based on a
blood glucose at that time.
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and nephropathy. Consideration
should also be given to the use of as-
pirin, statins, and ACE inhibitors, as
per treatment guidelines. 

Conclusion
A greater focus has been placed on
inpatient diabetes management fol-
lowing publication of a variety of
clinical trials demonstrating general
benefit, but occasionally lack of ben-
efit, with insulin infusions. The ef-
fect appears to be greatest in patients
in intensive care units. A greater de-
gree of controversy exists surround-
ing the appropriate treatment in pa-
tients on hospital wards, and in
patients whose stay in the hospital is
relatively short. Significant advances
in the management of diabetes have
been made in the last few years, with
the development of insulin analogs
with different pharmacokinetic pro-
files. As a result, therapy can now be
tailored to each patient’s unique
clinical status and requirements.
These developments should allow
most patients to be treated to indi-
vidualized goals.
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Main Points
• Hyperglycemia is very common in the hospital setting, particularly after acute myocardial infarction.

• Hyperglycemia in the hospital setting is an independent predictor of cardiovascular morbidity and mortality.

• Intensive insulin therapy used to achieve normal blood glucose in critically ill patients has been associated with
improved outcomes.

• Insulin infusions are the preferred method of insulin administration for several groups of patients, including patients
in the intensive care unit, severely decompensated diabetics, and patients without oral intake for a prolonged period
post-operatively.

• Subcutaneous insulin using combinations of long-acting and short-acting basal insulin is preferred to sliding scale
regimens for the management of hyperglycemia in patients outside the intensive care unit setting.
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