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Abstract The concept of lower is better when considering the
goal for glycemic control in patients with diabetes mellitus has
recently been challenged due to recent studies, such as AC-
CORD,ADVANCE, andVADT,which have observed increased
morbidity and mortality from intensive control, especially in
older adults, and in those with long duration of diabetes disease
and chronic complications. Although evidence in younger pa-
tients suggest that blood glucose levels should not be above
180 mg/dl (10.0 mmol/l), there are many unanswered questions
and controversies regarding the benefits and risks, methods to
achieve and maintain these levels while avoiding hypoglycemia
(<70 mg% (3.9 mmol/l)) in the older population. Since the pop-
ulation is aging with a greater life expectancy, it is crucial that
these questions be answered. Although several studies of inpa-
tient non-ICU diabetes management have been published, few
include older patients. This review will examine available rec-
ommendations and explore those controversies regarding non-
ICU hospital management in this vulnerable patient population.
Additional conditions that impact upon achieving glycemic con-
trol will also be discussed. Finally, the older individual has many
special needs which may be more important to consider than in

young or middle-aged individuals, when transitioning care from
in-hospital to home in a patient-centered approach, as recom-
mended by the American Diabetes Association (ADA) and Eu-
ropean Society for the Study of Diabetes (EASD).

Keywords Older adults . Inpatient . Diabetes mellitus

Introduction

Diabetes Mellitus, a common medical disorder, which affects
the older population, can result in chronic complications of
retinopathy, nephropathy, neuropathy, peripheral vascular dis-
ease, and cardiovascular disorders [1]. This condition and its
comorbidities have significant economic impacts on the indi-
vidual, as well as society. Since, the population is aging and life
expectancies are longer, elderly diabetic care is becomingmore
important to understand than previously. Despite the increasing
number of older individuals with diabetes mellitus, few studies
have focused uponmanagement principles and requirements in
the non-ICU hospital setting. One of the major reasons is the
marked heterogeneity of functional status among these individ-
uals. Physiological changes which occur with aging make it
difficult to assume that the data obtained from studies of youn-
ger patients equally apply to the older population. Thus, there
are many unanswered questions regarding recommendations
for diabetes treatment of older adults in acute non-ICU hospital
settings. Further, the principle of patient-centered diabetes care
becomes most important in this age group. This review will
highlight important considerations in the management of older
adults with diabetes in noncritical care hospital settings.

Incidence

Currently, in the USA, >25 % of the population 65 years and
older have diabetes mellitus versus 11.3 % of people aged
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20 years or older [2, 3]. Although type 2 diabetes is due to
increasing rates of overweight and obesity, the prevalence is
expected to double in the next 20 years due to the aging of the
population, even if diabetes incidence rates level off [4]. Fur-
ther, the number of cases of diagnosed diabetes in those aged
65 years or more are expected to increase 4.5 times (compared
to three-fold in the total population) from 2005 to 2050 [5].
The incidence of type 1 diabetes is also increasing by 2–5 %
per year worldwide [6, 7, 8••]. About 25 % of type 1 diabetics
are diagnosed as adults, and due to increasing longevity, pa-
tients may even be newly diagnosed in their nineties [9]. In
addition, due to improved diabetes management, patients with
type 1 diabetes are living into the later decades of life and
earlier onset can be associatedwith a longer duration of disease
and more diabetes-related complications. It is estimated that
approximately 1/3 of older adults are undiagnosed, since post-
prandial hyperglycemia is more common in older adults with
type 2 diabetes mellitus, it may be missed by standard tests for
glycosylated hemoglobin or fasting plasma glucose [3, 10–12].

Demographic and clinical characteristics also differ by eth-
nicity and genetic heterogeneities in the population in the USA
as well as the rest of the world due to increasingmobility. Thus,
the one size-fits-all approach is no longer acceptable.

Characteristics of Diabetes Mellitus in the Older
Population

In addition to having the highest prevalence of diabetes, this
age group also has more comorbidities, acute microvascular
and cardiovascular complications, and is associated with
higher mortality, reduced functional status, and increased risk
for institutionalization in hospital and long-term care settings
[13]. Retinopathy is more common in older adults with
middle-age onset diabetes than in those with older-age onset,
but the prevalence of cardiovascular disease (CVD) and pe-
ripheral neuropathy do not differ by age of onset [14]. This
age group also has the highest rates of major lower-extremity
amputation, myocardial infarction (MI), visual impairment,
and end-stage renal disease than in any other age group [15].
Further, diabetic individuals >75 years have higher rates of
most complications than those 65–74 years. Deaths from hy-
perglycemia are also significantly higher in older adults. Stud-
ies in type 1 diabetics have shown that the incidence of dia-
betic ketoacidosis (DKA) was lower with increasing age and
was not associated with duration of diabetes [16].

Economic Burden

The economic impact of this disease in older adults is enormous.
Data from an analysis of 2010 show that more than 14 million
hospital stays among adults ages 65 years and older account for

more than one-third of all US community hospital stays [17]. In
2012, estimates (from various data sources, such as national
surveys, medical standard analytical files, and claims databases
for the commercially insured population in USA) suggested that
the total cost of diabetes in the USA was approximately $245
billion, with $176 billion for direct medical costs and $69 billion
in reduced productivity and mortality [18]. Furthermore, approx-
imately 59 % of all health care expenditure attributed to diabetes
is for health resources used by the older population, most of
which is paid by Medicare programs. A recent study observed
higher utilization of health resources for hospital inpatient days,
nursing home and residential facility days, as well as for prescrip-
tion medication use among this group. This excess expenditure
has been estimated to be from $23,900–$40,900, depending up-
on sex and age at diagnosis [19]. Although recent estimates and
trends suggest that newly diagnosed diabetics can be expected to
add $4.6 billion to future medial spending, this population has
often been excluded from randomized controlled trials (RCT)
regarding interventions as well as treatment targets [19].

Pathophysiology of Aging

Progressive glucose intolerance due to age-related changes
occurs from the following: (1) decreased insulin secretion
due to decreases in pancreatic islet function and islet prolifer-
ative capacity, (2) impaired hepatic glucose metabolism, and
(3) increases in insulin resistance [20–23]. In addition, insulin
signaling mechanisms limit mobilization of glucose trans-
porters needed for insulin-mediated glucose uptake and im-
paired metabolism in muscle and fat [24]. Aging is also asso-
ciated with low-grade inflammation. There are higher levels of
tumor necrosis factor, TNFα, and IL-6 from uncontrolled di-
abetes and increased morbidity [25]. This inflammatory envi-
ronment contributes to the higher rates of diabetes in the el-
derly [26]. In addition, hyperglycemia leads to further gener-
ation of reactive oxygen species (ROS), lipid peroxidation,
elevated cardiovascular inflammatory markers, and also in-
creases proinflammatory cytokine such as tumor necrosis
factor-α (TNFα), interleukin (IL)-6, and IL-1, which ultimate-
ly alter the immune system [27, 28]. TNFα mediates insulin
resistance. Increased glycosylation from high glucose levels,
as well as from aging, produce cross-linked products to form
advanced glycosylation end products, which are partly re-
sponsible for abnormal cellular function [29]. In addition, in-
sulin action may be further impaired due to obesity,
sarcopenia, and reduced physical activity [24, 26]. Abdominal
obesity is also associated with increased levels of free fatty
acids, inflammatory cytokines, and multifunctional
chemoattractant proteins, leptin, and osteopontin [25]. Further
contributors to the abnormal glucose tolerance may occur
from iatrogenic causes, such as (1) medications that have ad-
verse effects on carbohydrate metabolism (such as: diuretics,
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olanzapine, sympathomimetics, glucocorticoids, and niacin);
(2) increased risks for infections, myocardial infarctions, or
strokes; and (3) decreases in physiological reserves, interacting
with diabetes-related end-organ damage which can cause in-
creased vulnerability to physiological stressors [24, 30].

Diagnostic Dilemma

Symptoms of hyperglycemia in the elderly are often atypical,
not easily recognized. They may include: weight loss, fatigue,
infections, impaired wound healing, neuropathic pain,
nocturia, failure to thrive, falls, or even nonketotic
hyperosmolar coma which can delay appropriate diagnosis
and treatment [1]. Dehydration due to impaired thirst thresh-
olds in older adult may occur. In addition, the renal threshold
for glucose increases with age and glycosuria may not be
present [31••]. Factors such as cognitive dysfunction, visual
changes, depression, physical disabilities, polypharmacy, so-
cial and financial issues, and chronic pain, may further con-
tribute to the reason for metabolic decompensation [31••, 32•].

Glycemic Control Trials

After the Van Den Berghe study of 2001 of intensive inpatient
glycemic control for critically ill patients in the surgical inten-
sive care unit, which showed a reduction inmortality from 8 to
4.6 % for blood glucose levels blood levels at or below
110 mg/dl (6.1 mmol/l), it was believed that inpatient blood
sugars needed to be very tightly controlled [33]. Further trials
of critically ill, general medicine, and surgical patients con-
firmed a reduction in hospital complications [34–36]. Howev-
er, recent ICU trials and meta-analyses such as VISEP, NICE
Sugar, and GLUCONTROL of 21 centers observed that inten-
sified insulin therapy increased the risk of severe hypoglyce-
mia, which is also associated with increased morbidity and
mortality [34–37]. These studies did not focus upon elderly
patients in a non-ICU hospital setting.

Long-term trials, such as DPP and UKPDS, showed the
benefits of glycemic control for younger patients [38–41].
Although the importance of glycemic control was proven for
younger individuals, these studies did not enroll a significant
number of older patients, and were not designed for this group
with poor health status. However, it was assumed that the
conclusions could be equally applicable to older individuals.

Three major prospective randomized controlled long-term
outpatient trials focusing upon middle-aged patients (the Ac-
tion to Control Cardiovascular Risk in Diabetes [ACCORD]
trial, the Action in Diabetes and Vascular Disease: Preterax
and Diamicron MR Controlled Evaluation [ADVANCE] trial,
and the Veterans Affairs Diabetes Trial [VADT]) failed to
demonstrate improvement in cardiovascular (CV) outcomes

in patients with type 2 diabetes [42, 43, 44••, 45–47]. The
results suggested that there are possible adverse effects from
tight glycemic control. Further subgroup analyses concluded
that older patients treated with intensive control and multiple
comorbidities, longer duration of diabetes, and those with
preexisting macro and/or microvascular disease were more
likely to be adversely affected. Other long-term studies of
middle-aged patients, such as The UK General Practice Re-
search Database showed that intensification was associated
with a U-shaped relationship for all-cause mortality and CV
events [48]. A longitudinal, observational study of Italian pa-
tients reported that an A1C of 6.5 or <7 % at baseline was
associated with lower 5-year CV events in the low-to-
moderate comorbidity subgroup, but not in the high comor-
bidity subgroup [49]. The results of these trials add to the
controversy regarding the benefits and risks of more intensive
treatment of hyperglycemia for older adults. Although these
studies focused upon ambulatory older patients, it is not clear
whether these same results can be translated to an inpatient
setting for the elderly population. Furthermore, these studies
also raised concerns about potential risks to intensive glyce-
mic control which may outweigh benefits in elderly individ-
uals who often have longer duration of diabetes, high risks for
hypoglycemia, advanced complications, shorter life expectan-
cy due to aging and malignancies, cognitive as well as other
physical disabilities, and frailties.

Hypoglycemia

The exact relationship between hypoglycemia and mortality is
unclear. Two recent studies reported that hypoglycemia (blood
glucose <70 mg/dl (3.9 mmol/l)) was associated with an in-
creased mortality risk in critically ill and ICU patients, inde-
pendent of their diabetes status [50]. In contrast, a recent meta-
analysis evaluating clinical studies in hospitalized patients,
observed a small reduction in mortality in hospitalized pa-
tients, but there was no effect on ICU mortality [51].

Mechanisms Contributing to Morbidity and Mortality
Associated with Hypoglycemia

Insulin-induced hypoglycemia has been associated with in-
creases in C-reactive protein and proinflammatory cytokines
(TNFα, IL-1β, IL-6, IL-8, endothelin-1), markers of lipid
peroxidation, ROS, and leukocytosis [52]. Increases in these
cytokines can lead to endothelial injury, as well as abnormal-
ities in coagulation, both of which can result in an increased
risk for cardiovascular events [53, 54]. In addition, cytokine
IL increases the severity of hypoglycemia, leading to a posi-
tive feedback cycle [54]. Increases in epinephrine can cause
increased platelet activation, leukocyte mobilization, and
blood coagulability [55]. Acute hypoglycemia also causes this
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prothrombotic environment, due to increased levels of vaso-
constrictors, platelet aggregation, and endothelial dysfunction.
Endogenous insulin secretion is decreased with an increase in
glucagon during an episode of hypoglycemia [56]. In addi-
tion, the increased sympathoadrenal response also results in
increased levels of epinephrine and norepinephrine, as well as
increased levels of ACTH and cortisol [56]. The increase in
catecholamines causes increases of heart rate, abnormal cardi-
ac repolarization, and increases in myocardial contractility,
myocardial workload, and cardiac output, which can lead to
angina and myocardial ischemia [57, 58]. These abnormalities
can also contribute to the increased risk of CV events with
severe hypoglycemia, especially when they occur in patients
with preexisting coronary artery disease, longer duration of
diabetes, or severe autonomic neuropathy [57–60]. These ef-
fects, in turn can contribute to increased cardiovascular mor-
bidity and mortality [58].

Hypoglycemia can also cause changes in EKGs, leading to
a higher risk of arrhythmias. This increase in catecholamines
with lower levels of serum potassium during hypoglycemia
can enhance the arrhythmogenic effects. Further, hypoglyce-
mia due to hyperinsulinemia has been associated with abnor-
mal atrioventricular conduction, ventricular depolarization,
and repolarization, as well as prolongation of QT intervals
[57–60].

Further, age impairs counter-regulatory responses with
symptoms of cognitive dysfunction, and abnormal psychomo-
tor coordination in response to hypoglycemia [61, 62]. The
p r e s en t i ng symp toms mos t o f t en a r e t ho s e o f
neuroglycopenia, such as dizziness, confusion, weakness, ver-
tigo, and TIA’s, rather than adrenergic (tremors, sweating,
palpitations) [61, 62]. Brain damage may also occur. Thus,
the older patient may experience increased falls and resulting
fractures, confusion, dizziness, weakness, poor coordination
and balance, or cerebrovascular events.

Incidence of Hypoglycemia

Hypoglycemia in the inpatient setting is a common occurrence
with potentially harmful consequences. In both inpatient and
outpatient settings, large trials have found a correlation be-
tween hypoglycemia with morbidity and mortality. Although
the incidence of inpatient hypoglycemia has been reported to
range from 0.5 to 32.8 %, this is misleading, since the true
incidence is difficult to assess due to lack of standardized
definitions (blood glucose level of <40 mg/dl (2.2 mmol/l)
versus the ADA definition of hypoglycemia which is any
blood glucose level of <70 mg/dl (3.9 mmol/l)), which corre-
lates with the threshold for release of counter-regulatory hor-
mones [36, 37, 44••, 45, 63, 64••, 65, 66, 67••, 68]. There are
varying methods data collection and reporting among hospital
settings. Risk factors that predispose to hypoglycemia involve

changes in clinical status, diet, and medication regimens, as
well as breakdown of hospital processes.

Risk Factors for Inpatient Hypoglycemia

Although the cause of hypoglycemia in the hospital is gener-
ally due to treatment of hyperglycemia, some conditions pre-
dispose patients to hypoglycemia that are unrelated to the
treatment of hyperglycemia. As shown by studies of
Kosiborod, and that of Boucai, inpatient hypoglycemia may
also be a marker of illness severity, rather than a cause of an
adverse event or insulin treatment [69, 70]. Hypoglycemic
episodes also increase costs due to increased length of stays,
increased number of venipunctures, increased number of
point-of-care glucose values, increased number of intravenous
dextrose solutions, and increased nursing time. Risk factors
for inpatient hypoglycemia in patients with diabetes also in-
clude: (1) patient factors; (2) nutrition factors, and (3) system
issues.

Patient Factors

Underlying illnesses often lead to changes in insulin sensitiv-
ity, as in acute renal failure, sepsis, and change in medications
such as beta-adrenergic agonists, quinolone, antibiotics, vaso-
pressors, and changing doses of corticosteroids [71, 72]. In
hospital use of long-acting sulfonylureas, such as glyburide,
can cause hypoglycemia, especially in elderly patients with
renal or hepatic insufficiency [72]. In addition, patients with
an increased risk of hypoglycemia include those with a long
duration of diabetes, low BMI, malnutrition, hemoglobin A1c
<7 %, previous cardiovascular events, insulin treatment at
baseline, advanced age, and a higher albumin-to-creatinine
ratio [71]. It should be noted that in general, there is less risk
of hypoglycemia in type 2 diabetes, as compared to those with
type 1 [73].

Nutrition Factors

Hypoglycemia often occurs when a fixed dose of mealtime
(prandial) insulin is administered despite erratic oral intake,
missed meals, or lack of coordination between meal trays and
blood glucose monitoring, interruption of enteral feedings or
parenteral nutrition with lack of glucose replacement, inade-
quate adjustment of insulin when feedings are held prior to
procedures, for elevated gastric residuals, or loss of intrave-
nous or enteral access [67••, 71–73, 74••].

System Issues

Systems need to be designed considering issues of patient
safety, quality control, multidisciplinary communication,
and transitions of care. In recent years, there have been a
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large number of studies that illustrate the usefulness of
system-wide approaches and protocols to prevent hypogly-
cemia, as well as root cause analyses [74••]. In addition,
hypoglycemia unawareness, inadequate frequency of glu-
cose monitoring in the inpatient setting, can lead to under-
estimation of the true rates of hypoglycemia. There are
controversies regarding glucometrics, such as measure-
ment and accuracies of bedside POCT versus plasma glu-
cose. Further problems include: (1) failures to evaluate
trends in blood glucose values, (2) lack of recognition of
individual insulin sensitivities, (3) failure and delay to
make appropriate changes in glycemic management, (4)
use of sliding scale insulin as sole treatment for hypergly-
cemia, (5) insufficient glucose with insulin for the acute
treatment of hyperkalemia, (6) hypoglycemia due to enter-
al tube feeds or parenteral nutrition, when different teams
give nutrition orders that are not coordinated or communi-
cated with those for insulin administration, (7) avoiding
hypo or hyperglycemia when patients are receiving corti-
costeroids in varying doses, when adjustments of insulin
are not adequately anticipated, and (8) others, such as nurs-
ing errors, communication errors, and lack of hospital pol-
icies [67••, 71–73, 74••]. Other obstacles to glycemic con-
trol and contributions to the occurrence of hypoglycemia
also include differing levels of knowledge and training of
staff, poor communication between various teams with
conflicting glycemic orders, lack of standardized protocols
or order sets, and during the transitions of care from inpa-
tient to outpatient [74••].

Principles of Non-ICU Acute Hospital Management

Approximately, 38–46 % of non-ICU hospitalized patients
have diabetes mellitus, either with or without a prior diagno-
sis. Hyperglycemia is associated with an increased risk of
complications, increased lengths of stays, and with each
18 mg/dl increase in the admitting fasting plasma glucose,
there is an associated increase in mortality by 33 % [75–77].
Furthermore, hyperglycemia is also associated with complica-
tions, regardless of whether the glucose level upon admission
is elevated or the mean glucose level is elevated during the
hospital stay. With new-onset or stress-induced hyperglyce-
mia, there is a higher risk of complications than in those pa-
tients with a known diagnosis of diabetes.

Few studies have focused upon the elderly population in
the inpatient setting. Additional management requirements
when treating this group include unique nutritional, behavior-
al, pharmacologic, and other interventions, as well as moni-
toring for increased risks of hypo- and hyperglycemia. The
ADA recommends that upon admission, all patients be
assessed for a history of diabetes, and, if previously known,
the type of diabetes [78]. This should be documented in the

medical record. Evaluation should also include screening and
interventions for acute and chronic diabetic complications,
and all in patients with hyperglycemia or diabetes should have
a hemoglobin A1c measured, if not performed within the last
2–3 months [78]. For most patients, oral hypoglycemic agents
should be discontinued at the time of admission [78]. Patients
previously taking insulin at home need to have their dose re-
evaluated for adequacy during hospitalization, as well as for
discharge planning. It is also important to avoid the use of
sliding scale insulin therapy as a substitute for proper man-
agement [79]. Supplemental insulin protocols should be used
with extra caution at night, in order to avoid the increased
incidence of nocturnal hypoglycemia. Special considerations
need to be given to diabetes assessment and management of
the older patient, since acute changes in cognitive function
may occur during and after hospitalization, and may require
more supervision to avoid errors in dosing after discharge.
Team management is most important for coordinating proper
diabetes management, and consists of physicians, diabetes
nurse educators, advanced nurse practitioners, physician as-
sistants, pharmacists, dietitians, social workers, and others in-
volved in their care. In addition, communication between phy-
sicians, nursing staff, and dietary services is essential. Infor-
mation about orders for nutrition, point-of-care glucose test-
ing, and insulin all need to be communicated regularly to the
patient care team [78]. Considerations should also be given to
adequate control of blood pressure, lipids, and the use of as-
pirin, especially for those patients at high risk for CV disease
(Table 1).

Nutrition

The elderly often have unique nutritional needs. There is a
physiologic decrease in taste and olfactory sensations, and
changes in thirst thresholds with aging. Further, the elderly
may present in a malnourished rather than obese state. They
often skip meals and are anorexic due to cognitive disorders,
swallowing difficulties, gastrointestinal disorders, loneliness,
and depression [65]. Relaxation of restriction of calories, salt,
or sugar content may be required in order to increase palat-
ability. Consideration of a soft or pureed diet, and assistance
with feeding may be required in cases of cognitive dysfunc-
tion, cerebrovascular accidents, or dental disorders. Other fac-
tors, such as inadequate nutrient content and disruptions in
timing of meals, can predispose patients to hypoglycemia.

Therefore, it is important to provide a well-balanced
and palatable diet, where meal delivery is matched to
prandial insulin. Carbohydrate amount may be used to
calculate prandial insulin doses. However, we often find
that it is easier for nursing staff to estimate the prandial
insulin based upon the amount of the meal that is con-
sumed; e.g., less insulin when less of the meal is eaten,
such as 50 % of the calculated insulin dose, if half of the
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meal is consumed, 25 % if less, or no prandial insulin, if
the patient does not eat or is NPO or a procedure is
planned, rather than the complex carbohydrate counting
system. Often, this is best determined after the tray is
inspected and the prandial insulin is administered

immediately after the meal. In patients receiving enteral
or parenteral nutrition, glucose monitoring should be done
every 4–6 h and individualized for controlling hypergly-
cemia during feedings while avoiding hypoglycemia, if
there are interrupted feedings [80].

Table 1 Factors important for
inpatient diabetes management in
elderly

CF correction factor or
supplemental insulin for higher
sugars. In general, there is
increased sensitivity in the elderly

Stepwise approach Factors to consider Recommendations

History and physical
examination

• Duration • Documentation and screening
• Type

• Complications

○ Acute

○ Chronic

Diagnosis Diagnostic dilemmas include • HbA1c monitoring
• Atypical hyperglycemic symptoms

• Increased renal threshold for glucose

• Impaired thirst threshold

Management • Team approach • Multidisciplinary care

• Coordination of care

• Team communication

Pharmacotherapy

• Oral antidiabetics

○ Metformin Increased risk of Lactic acidosis with
change in renal function

Stop all oral antidiabetic agents
in acute hospital setting

Sulfonylureas Risk for hypoglycemia

○ Thiazolidinediones CHF, fractures, bladder cancer

• Insulin Sliding scale discouraged

○ Subcutaneous options Initial dose calculation-basal, bolus+CF 0.25–0.3 units/kg/day 50 % basal,
50 % bolus, CF

70 % basal, 30 % bolus, CF

Increased sensitivity to insulin

60 % basal, 40 % bolus, CF

Insulin resistance

Low-dose basal+CF

○ Intravenous route Basal plus regimen

0.25–0.3 unit/kg/day, CF

Special situations NPO 0.15–0.25 units/kg/day basal insulin
and rapid-acting insulin coverage
for BG>140–180 mg/dl (7.8–10
mmol/l)

Parenteral nutrition NPH insulin q8hrs or long-acting
insulin, CF

Tube feed/glucocorticoids IV, Basal and bolus, NPH+CF

Monitoring As per nutritional status of the patient

• NPO POCT glucose q4-q6hrs

• Enteral POCT glucose AC and HS

If patient on IV insulin drip POCT glucose q30min–q2hrs

Target blood glucose General BG<200 mg/dl (fasting=140 mg/dl)
(random=180 mg/dl)

Elderly patients with multiple
comorbidities, increase hypoglycemic
risk and decreased life expectancy

Less stringent blood glucose targets

Other special
considerations

Risk for cardiovascular disease BP control, lipid management,
aspirin prophylaxis
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Standard Protocols

Structured insulin order sets and management algorithms im-
prove not only rates of hyperglycemia, as well as decrease the
rates of hypoglycemia [68, 82]. Protocols should be used for
(1) continuous intravenous insulin infusions, (2) subcutaneous
insulin (involving basal insulin, prandial insulin, and correc-
tive insulin), (3) transitioning from intravenous to subcutane-
ous insulin, and (4) nurse-driven hypoglycemia treatment [71,
72]. Although Quality Improvement Programs are required
for tracking the frequency and severity of hypoglycemia, there
are no standardized protocols [74••].

Glucose monitoring should match the patient’s medication
regimen and nutritional intake. Hypoglycemia can suggest
clinical deterioration [69, 70, 77]. In the majority of patients
who are eating, blood glucose monitoring needs to be per-
formed before meals and at bedtime. Patients that are NPO
should have their glucose monitored every 4–6 h [71, 72].
Any glucose value that does not correlate with the patient’s
clinical status should be confirmed with a laboratory plasma
glucose measurement. Blood glucose monitored every 30 min
to 2 h, needs to be performed in patients receiving intravenous
insulin infusions. IV insulin requires that it be administered as
part of a standardized protocol [51, 67••, 74••, 78].

Insulin Administration

Insulin administration for treating hyperglycemia has many
beneficial effects [67••, 78, 81, 82, 83••, 84]. Recent studies
have shown that insulin exerts anti-inflammatory, antithrom-
botic, and anti-atherogenic effects as well as inhibition of li-
polysis and platelet aggregation, and can also prevent many of
the counter-regulatory hormones and proinflammatory tran-
scription factors, formation of reactive oxidation species asso-
ciated with hyperglycemia, including free radical formation,
oxidative stress, and apoptotic cell death [81, 82, 85, 86]. In
addition, there are decreases in hepatic glucose production,
improvements in insulin resistance, improvements in energy
delivery to peripheral tissues, and improvements in endothe-
lial dependent vasodilation. The anti-inflammatory effects are
mediated by inhibition of TNFα, reactive oxygen species,
inhibition of NF-Kß, intracellular adhesion molecule-1 in
macrophages and leukocytes, inhibition of c-Jun N-terminal
kinase, which mediates inflammatory processes downstream
of TNFα, and TNF α is suppressed through PI3 kinase-AKT
mediated activation of endothelial nitric oxide synthase. The
inhibition of mitogen-activated protein kinase (MAPK) sup-
presses the IL-6 signaling. Additionally, insulin has been
shown to increase cardiac contractility and coronary vasodila-
tion and preserve endothelial function by the potent vasodila-
tor nitric oxide [85, 86].

Therefore, insulin therapy is the current standard of care for
achieving glycemic control in hospitalized patients [67••, 78,
83••, 84, 87, 88]. However, a study between 2006 and 2008
demonstrated that insulin is the drug with the greatest number
of medication errors in hospitals [89]. Insulin treatment in
hospital settings requires careful planning and monitoring. In
general, glucose levels should be maintained <200 mg/dl
(11.2 mmol/l). This decreases acute hyperglycemic symp-
toms, as well as minimizes fluid and electrolyte abnormalities,
and risks for infection due to altered immune function. Al-
though clinical guidelines recommend targeting a glucose lev-
el of <140 mg/dl (7.8 mmol/l) before meals and a random
glucose level of <180 mg/dl (10.0 mmol/l) for most non-
ICU hospitalized patients (provided that these targets can be
safely achieved without hypoglycemia), data is lacking re-
garding glycemic goals and specific therapeutic recommenda-
tions for the elderly in hospitalized settings. However, it is
generally recommended that less stringent glycemic targets
may be appropriate for some older patients who have multiple
comorbidities, high risks for hypoglycemia, and reduced life
expectancy.

Multiple strategies have been proposed to calculate the
total daily insulin dose requirement. In patients who are al-
ready receiving intravenous insulin, 80 % of the daily require-
ment can be used as the total daily dose. In patients with newly
diagnosed hyperglycemia or patients on inadequate home reg-
imens, a new insulin regimen needs to be designed. If the
patient is eating, 50 % of this should be administered as basal
insulin analogs (glargine or detemir), or intermediate acting
insulin (NPH) given once or twice daily, with the remaining
50 % administered as bolus or prandial insulin, using a rapid-
acting insulin analog (lispro, aspart or glulisine) divided into
three and given prior to meals [67••, 78, 83••, 84, 87, 88]. One
choice has been to start a total daily dose, based on the pa-
tient’s weight in kilograms. Although insulin doses vary wide-
ly for younger diabetic patients (from 0.3 to 1.5 units/kg/day),
it is recommended that 0.25–0.3 units/kg/day be used as initial
therapy for the elderly and for patients with renal failure
(eGFR<60 ml/min). Although the total amount of daily insu-
lin is generally divided into 50 % basal and 50 % bolus, these
balances may be readjusted to 70 % long-acting and 30 %
short-acting insulin preparations for patients with increased
sensitivity, or 60 % long-acting basal with 40 % rapid-acting
insulin for patients with greater insulin resistance. Patients
with inadequate oral intake or who will be kept NPO should
receive a daily dose of basal insulin (0.15–0.25 units/kg/day)
and rapid-acting insulin analogs as correctional insulin cover-
age for glucose values >140 (7.8 mmol/l) to 180 mg/dl
(10.0 mmol/l). Another approach to insulin therapy recently
reported is the basal plus regimen, administering basal
glargine with corrections by glulisine. This regimen was
found to be effective in patients requiring low-dose insulin
or in those with poor oral intake [84].
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Supplemental insulin should also be given prior to meals.
Insulin doses should be readjusted based upon the previous
day’s blood glucose responses [67••, 78, 83••, 90]. Insulin
doses should be reduced by approximately 20 % for unex-
plained blood sugars of <70 md/dl (3.9 mmol/l). Insulin doses
should also be reduced if blood glucose levels are between 70
(3.9 mmol/l) and 100 mg/dl (5.6 mmol/l), since these values
indicate a potential risk for subsequent hypoglycemia [67••,
78, 83••]. Older patients on insulin may need to increase or
decrease their dose as they recuperate from their acute illness
and their diet improves. Further, studies such as RABBIT 2
(Randomized Study of Basal Bolus Insulin Therapy in the
Inpatient Management of Patients with Type 2 Diabetes Un-
dergoing General Surgery), the DEAN TRIAL (Insulin
Detemir versus NPH Insulin in Hospitalized Patients with
Diabetes), and the Basal trial have confirmed the benefits
and feasibility of the use of insulin in a basal and meal-
related bolus fashion [84, 87, 88]. The use of sliding scale
insulin (SSI) is nonphysiologic and should not be used since
it causes significant hypoglycemia, as well as hyperglycemia
[67••, 78, 79, 83••, 91]. Premixed insulins, such as 70/30, are
often the cause of hypoglycemia in the hospital setting. There-
fore, these insulin preparations have been taken off many hos-
pital formularies. We do not recommend 70/30 insulin for use
in hospital settings due to the high rate of hypoglycemia, in-
ability to use flexible dosing, and inadequate prandial cover-
age. It is also not used for transition off IV insulin (as the SQ
option). However, the premix insulin may be considered for
home use when a simplified insulin regimen is required after
hospital discharge.

Special Situations for Insulin Management

Patients receiving enteral tube feeding or parenteral nutrition
can be treated with long-acting insulin to attain goal blood
glucose levels. Caution should be used if feedings are
interrupted and insulin is not appropriately adjusted or the
glucose content from feedings is not replaced. This most fre-
quently happens when feedings are held prior to procedures,
for elevated gastric residuals, or if intravenous or enteral ac-
cess is lost. Alternatively, NPH insulin can be administered
every 8 h for parenteral nutrition, twice daily for tube feedings,
and pm NPH for pm tube feedings, with glucose monitoring
and correction with short-acting insulin every 4 h. For enteral
feedings, an alternative regimen is to use continuous a IV
insulin infusion to establish the total insulin dose, then add
basal insulin every 12 h and stop IVinsulin 2 h after the second
basal dose with correction doses every 4 h. In cases of
interrupted tube feedings, D10 is required to avoid hypogly-
cemia [80]. Glucocorticoids, which cause much insulin resis-
tance, are often used in high doses for chemotherapy/solid
organ and bone marrow transplants [92]. Although this thera-
py is associated with very high glucose levels, there is no

consensus about protocols for treatment [74••]. Options have
included: insulin drips, NPH insulin, long-acting basal insulin
daily to twice daily with meal time short-acting insulin ana-
logs. The exact insulin regimen varies according to timing,
frequency of steroids and various regimens, as well as the
rapidity of tapering doses. For example, if am prednisone is
administered, am NPH insulin can be used. There are no spe-
cific protocols for insulin administration for patients with renal
failure and peritoneal dialysis. Insulin regimens that have been
used include NPH insulin, basal insulin, and insulin drips.

Other Antihyperglycemic Pharmacologic Agents

Metformin is often considered the first-line therapy in type 2
diabetes due to its low risk of hypoglycemia. The risk for
lactic acidosis is minimal, unless the GFR is <30 mL/min,
but increases during cases of changing renal function and
procedures. Its low cost may be considered when transitioning
to outpatient management or when there is a need to simplify
complex regimens. Sulfonylureas are also a low-cost option
for home use, but there is an increased risk of hypoglycemia,
especially with glyburide, due to its long duration of action
and decreased clearance. Thiazolidinediones have associated
risks of weight gain, edema, heart failure, bone fractures, and
possibly bladder cancer. We recommend that this drug also be
stopped. It should be noted that the effects may remain even
after it is discontinued. Therefore, we do not recommend any
of these antihyperglycemic agents be administered in the acute
hospital setting.

There is recent increased interest and experience using
incretin-based therapy, such as dipeptidyl peptidase-4 (DDP4
inhibitors) and glucagon-like peptide-1 agonists (GLP-1
agonists) [93]. They decrease postprandial hyperglycemia
with less hypoglycemia in the acute hospital setting, especially
when glucocorticoids are used. The results of a recent study
showed that patients with T2DM, who were treated with diet,
oral antidiabetic agents, and low-dose insulin (daily dose ≤0.4
unit/kg) can be safely given a daily dose of DPP-4 inhibitor
plus correction (supplemental) doses of rapid-acting insulin
before meals, or with the combination of DPP-4 inhibitor plus
low-dose basal insulin therapy. There are marked decreases in
hypoglycemia, insulin doses, and they are well tolerated [93].
They also have cardioprotective effects. For some agents, dose
reduction is required in renal dysfunction. Patients on combi-
nation therapy of DPP-4 inhibitor plus basal group can be
started on a total daily dose of basal insulin of 0.25 units/kg/
day, except in elderly patients (age >70 years) and/or with a
glomerular filtration rate <45 mL/min, when a lower starting
insulin dose of 0.15 units/kg should be given [93]. Further
randomized studies are needed to further evaluate the safety
and efficacy of incretin therapy in the management of older
patients in non-ICU settings.
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Transitions of Care

Transitioning from the inpatient to outpatient setting can be a
source of medical errors, leading to adverse outcomes [64••,
74••, 94]. The elderly present with many unique challenges
which affect their ability to follow recommendations. Success-
ful transitions require a multidisciplinary team of doctors,
nurses, social workers, family members, diabetes educators,
and social workers [78, 94, 95••, 96]. Close attention should
be given to not only to age, but life expectancy and functional
status. Addressing the unique issues associated with aging can
significantly improve the quality of life of older adults and help
avoid unnecessary health care costs from morbidities and hos-
pital readmission. Medication reconciliation, patient and care-
giver evaluation and education are required. There should be
communication between inpatient and outpatient care teams to
monitor patient safety and reduce readmission rates.

Special care should be given when prescribing medica-
tions, such as insulin or oral antihyperglycemic agents, since
a recent hospital discharge is a predictor of serious outpatient
hypoglycemia in older patients [8••, 13, 65]. As in Table 2, it is
recommended that upon discharge, consideration should be
given to switching from insulin to oral antihyperglycemic
therapy, if possible, due to ease of administration, generally
lower costs, and less risk for hypoglycemia. However, it is
important to remember that insulin therapy is still required
for type 1 diabetes in order to avoid serious hyperglycemia
and DKA [10, 16]. With the availability of various types of
insulin, with different time-action curves, it is now possible to
target postprandial hyperglycemia in elderly while avoiding
fasting hypoglycemia. However, when requiring insulin treat-
ment, regimens and delivery approaches must be individual-
ized. The multiple daily injection (MDI) insulin regimen uses
basal insulin (glargine or detemir) with rapid-acting insulin

(aspart, lispro, or glulisine) which is administered before,
with, or after meals, and takes into account anticipated carbo-
hydrate intake or meal amounts and activity. If food intake is
uncertain, rapid-acting prandial insulin can be given immedi-
ately after the meal, so the dose can be adjusted based upon
actual intake. In our experience, using meal amounts for de-
termining short-acting insulin doses tends to be easier for
older patients to comprehend, rather than a complex carbohy-
drate counting system. Further, insulin pens may be easier to
use or patients with visual problems, arthritis, or peripheral
neuropathy, and who lack abilities for fine hand coordination
and manipulation. Some older patients can use NPH insulin
twice daily with regular insulin before breakfast and dinner
(and at lunch if necessary). The cost of these insulin formula-
tions is less than that of insulin analogs. However, there is an
increased risk for hypoglycemia with NPH insulin. Snacks
may be required between meals and at bedtime to avoid hy-
poglycemia. Bedtime NPH insulin, instead of before dinner,
can also be given to avoid nighttime hypoglycemia. Premixed
insulins are rarely used in type 1 diabetes because of their
nonphysiological profiles. However, in specific circumstances
for both type 1 and type 2 patients, twice daily dosing (before
breakfast and dinner) can be considered. Snacks may be need-
ed between meals and at bedtime to avoid hypoglycemia.
Continuous subcutaneous insulin infusion (CSII) or insulin
pump therapy is another sophisticated option for insulin de-
livery in older adults. CSII may become difficult to use for
many older patients without a caretaker who can assumemuch
responsibility. In addition, few studies have evaluated its use
for this population.

Long-Term Care Facilities

Few studies have been published regarding long-term or nurs-
ing home diabetic management in the elderly population, even
though these individuals are more likely to be discharged to
long-term care, and approximately, 33 % of patients living in
these facilities have diabetes. Further, due to longer life ex-
pectancies, it is anticipated that more and more elderly diabet-
ic patients will require long-term care or nursing home place-
ments. In addition, these patients require more complex man-
agement and often have other comorbidities, more severe di-
abetic complications (such as retinopathy, neuropathy, foot,
and other ulcerations), cardiovascular and cerebrovascular
disease, renal failure, increased risk for infections, cognitive
disorders, falls/fractures, and other physical frailties. There are
increased risks for hypo and hyperglycemia, polypharmacy,
emergency room visits with increased number of hospital ad-
missions and readmission, and longer length of stays. The
staff of long-term care or nursing homes are required to per-
form the typical self-care measures (diet planning, prepara-
tion, and administration, glucose monitoring, medication

Table 2 Discharge planning: a patient-centered care approach

Patient and caregiver involvement with education from providers, as well
as Multidisciplinary Diabetes Team

Medication reconciliation at discharge—simplify medication regimen

Consider switching from insulin to oral antihyperglycemic agents, if
possible

If insulin required, evaluate functional status and dexterity issues;
consider insulin pens

Avoid excessive dietary restrictions and encourage consistent
carbohydrate intake at each meal

Provide written instructions regarding diet, dose of medications,
frequency of SMBG

Education regarding avoidance and treatment of acute hypoglycemia/
hyperglycemia

Make follow-up appointments and provide emergency contact numbers

Carefully designed physical activity and fitness after discharge

SMBG self-monitoring of blood glucose at home

Curr Diab Rep (2015) 15: 26 Page 9 of 13 26



administration, and monitoring for hypo and hyperglycemia)
for the elderly patient. However, insulin management might
be safer in this observed environment than in community
dwelling individuals due to better supervision. In addition,
their care requires a more holistic approach compared to that
of individual chronic disease management for the independent
(community-living) patient [24].

A Shared Decision-Making Process

Shared decision making has been advocated as an approach to
improving the quality of preferences to medical decisions and
can begin while in the hospital [94, 95••, 96]. This fosters an
ongoing partnership between the patient and provider for in-
formation exchanges, medical decision making, and acting
upon these decisions and choices. Diabetes self-management
education/training (DSME/T) team members can assist in this
regard, since special attention can be given to unique medical,
cultural, and social needs, including transportation and logis-
tical barriers. Adaptations can be developed for patients with
visual, hearing, and cognitive impairments, as well as impair-
ments in functional/physical status. It is also important to rec-
ognize that recommendations may need to be simplified and
or adjusted due to problems with mobility, dexterity, depres-
sion, and chronic pain, polypharmacy, which can interfere
with their ability to follow complex diabetic treatment plans.
In addition, they may also develop geriatric syndromes of
unpredictable eating, and frailty and further adjustments must
be made to these regimens. Comorbidities (such as increased
rates of arthritis, cancer, congestive heart failure, depression,
emphysema, falls, hypertension, incontinence, renal insuffi-
ciency, cardiovascular and cerebrovascular disease) must be
balanced against the risks for hyperglycemia, which can lead
to increased risks of hypoglycemia resulting in traumatic falls,
further decreases in cognition, as well as increased morbidity
andmortality [8••, 13, 65]. Diabetes care team and other social
service interventions started during hospitalization help re-
duce diabetes-related distress at home. Care partners—family,
friends, or other caregivers should be involved in DSME/T.

Discharge orders should include written instructions re-
garding diet, recommended doses of medications, frequency
of self-monitoring of blood glucose, avoidance and treatment
of acute hypoglycemia and hyperglycemia, follow-up provid-
er appointments, as well as methods of emergency contacts.
Outpatient diabetes education and home health services
should be arranged prior to discharge [78, 95••, 96]. These
orders need to be discussed at least 1 day before discharge.

Conclusions

The anticipated growth in the US population between 2002
and 2020 population is estimated to be approximately 17 %,

with an expected increase in patients with diabetes mellitus of
about 44 %; This increase is largely due to increase in num-
bers in the elderly population [97]. Further contributing to the
rise in numbers is that adults are living longer with diabetes
and that multiple comorbidities will continue to increase. Sev-
eral unanswered questions remain regarding treatment for the
non-ICU hospitalized older patient. Due to the lack of evi-
dence and controversies regarding best practices, the Planning
Research in Inpatient Diabetes (PRIDE) Research Group has
recommended that clinical trials be designed to evaluate high-
quality and cost-effective inpatient management strategies to
address these issues [74••]. Furthermore, we need a better
understanding of the goals for diabetes treatment in these set-
tings, better guidelines on how to achieve these goals, as well
as strategies for achieving healthy-lifestyles and disease pre-
vention. The exclusion of older and especially frail from most
traditional randomized controlled trials of diabetes interven-
tions has left large gaps in our knowledge about how to ad-
dress diabetes in this age group with the highest prevalence.
Answers to these gaps will need to be balanced against soci-
etal needs as a whole. Future research should focus upon the
complexity and heterogeneity of older adults. Randomized
controlled trials are needed that include patients with multiple
comorbidities, in both dependent and independent living situ-
ations, as well as those with geriatric syndromes, in order to
advance our knowledge about best care practices in this pop-
ulation. There is also a need for more research into the dispar-
ities of diabetes, and evaluation of the full impact of quality
improvement programs and culturally tailored interventions in
this vulnerable age group.
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