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Cardiovascular disease and diabetes

~65% of deaths are
due to CV disease

Coronary heart
disease deaths
- 2- to 4-fold

Stroke risk
- 2-to 4-fold

Heart failure
- 2- to 5-fold

Bell DSH. Diabetes Care. 2003;26:2433-41.
T2DM =type 2 diabetes mellitus Centers for Disease Control (CDC). www.cdc.gov.

Cardiovascular disease and diabetes

» Cardiovascular (CV) disease is the primary complication of diabetes; approximately 65%
of deaths in people with diabetes are due to heart disease and stroke.

» Adults with diabetes have higher rates of coronary heart disease (CHD), stroke, and heart
failure (HF) than nondiabetic adults:
— CHD death rates are 2 to 4 times higher
— Risk of stroke is 2 to 4 times higher
— HF occurs twice as frequently in men and 5 times more frequently in women aged
45 to 74 years

* In 2004, the estimated prevalence of physician-diagnosed diabetes among adults was
15.2 million; the prevalence of undiagnosed diabetes was 5 million. According to the most
recent government statistics, approximately one-third of the US population with diabetes
is undiagnosed.(1)

1. American Heart Association. Heart Disease and Stroke Statistics. 2007 Update.
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Abnormal glucose metabolism in CAD
n = 2107 inpatients with acute CAD; n = 2854 outpatients with stable CAD

Known diabetes OGTT*
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*n = 1920 without known diabetes
OGTT = oral glucose tolerance test; Bartnik M et al.
IGT =impaired glucose tolerance; IFG = impaired fasting glucose Eur Heart J. 2004;25:1880-90.

Abnormal glucose metabolism in CAD

The Euro Heart Survey on diabetes and the heart studied the prevalence of abnormal
glucose metabolism in patients with coronary artery disease (CAD).

The study included 4961 patients referred to a cardiologist due to CAD; 2107 were
hospitalized for acute CAD (inpatients), and 2854 were seen for an elective consultation
(outpatients).

A history of diabetes was present in 32% of the inpatients and 30% of the outpatients.

Additionally, oral glucose tolerance test (OGTT) results, which were available for 1920 of
the patients without known diabetes (DM), showed that 58% of patients with acute CAD
and 51% with stable CAD had undiagnosed type 2 diabetes (T2DM), impaired fasting
glucose (IFG), or impaired glucose tolerance (IGT).

Overall findings in the survey clearly show that abnormal glucose regulation is more
common than normal glucose regulation in patients with CAD.
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ADA criteria for IGT and T2DM

2-Hour plasma glucose
during 75-g OGTT

Fasting plasma
glucose T2DM
200 mg/dL

T2DM IGT
126 mg/dL 140 mg/dL

IGT
100 mg/dL* S

Normal
Normal

American Diabetes Association (ADA).
Diabetes Care. 2007;30(suppl 1)S4-41.
*WHO: 110 mg/dL World Health Organization (WHO). www.who.int/diabetes.

ADA criteria for IGT and T2DM

To screen for dysglycemia, either a fasting plasma glucose (FPG) test or 2-hour OGTT
(75-g glucose load), or both, are appropriate.

Diabetes is diagnosed by a FPG 126 mg/dL, or by a glucose level of 200 mg/dL on
a 2-hour OGTT.

American Diabetes Association (ADA) criteria define IFG as an FPG level of 100 mg/dL to
125 mg/dL; whereas World Health Organization (WHO) criteria define IFG as an FPG level
of 110 mg/dL to 125 mg/dL.

IGT is defined as a 2-hour plasma glucose of 140 mg/dL to 199 mg/dL on an OGTT.

Both IFG and IGT are risk factors for future diabetes and CV disease; both dysglycemic
states have been designated as pre-diabetes.



Slide 5

New-onset hyperglycemia linked to highest rate of in-hospital mortality

A retrospective study of medical records of 2030 consecutive hospitalized patients showed
that hospital mortality rates are higher in patients who are newly diagnosed with
hyperglycemia than among patients with a history of diabetes, or with normoglycemia.

New hyperglycemia was defined as an admission or in-hospital fasting glucose 126
mg/dL, or random blood glucose (BG) 200 mg/dL on 2 determinations in patients
without a history of diabetes.

Among patients admitted to the intensive care unit (ICU), mortality rates in patients with
new hyperglycemia, known diabetes, and normoglycemia were 31%, 11%, and 10%,
respectively.

Among non-ICU patients, mortality rates in the groups with new hyperglycemia, known
diabetes, and normoglycemia were 10%, 1.7%, and 0.8%, respectively.
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Admission glucose in AMI associated with mortality, independent of T2DM diagnosis

» Kosiborod et al evaluated the relationship between elevated admission glucose levels and
30-day and 1-year mortality in a national sample of over 140,000 patients who were
hospitalized for acute myocardial infarction (AMI).

» High admission glucose levels were associated with a much greater increase in the risk
of death among AMI patients without a history of diabetes than in patients with known
diabetes.

e For glucose ranging from 110 mg/dL to >240 mg/dL:
— 30-day mortality increased from 10% to 39% in patients without diabetes vs 16% to 24%

in patients with diabetes.
— l-year mortality increased from 22% to 55% in patients without diabetes vs 35% to 41%

in patients with diabetes.
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Hyperglycernia

definition
Referernce (rng/dl)
1991 >144 ——
1979 121
1981 110 -
1986 144
1989 =121 I i
1975 =121 ——————
1989 144 I
Pooled ———
o 1 2 3 4 5 & 7 8 9 10 11 1z 13

Capes SE 2t al. Lancet. 2000;355:773-8.

Stress hyperglycemia in AMI: Association with mortality risk in patients
without known diabetes

» This slide summarizes the findings of a systematic overview of studies on stress
hyperglycemia in AMI in patients without known diabetes.

» Stress hyperglycemia on admission for AMI was associated with a 3.9-fold higher risk of
in-hospital mortality. The risk of in-hospital mortality increased beginning at a glucose level
of 110 mg/dL.

» The risk of in-hospital mortality was higher in patients with stress hyperglycemia than
in patients with known diabetes (data not shown).
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Baseline fasting plasma glucose levels predict HF hospitalization in high-risk patients

* In a study by Held et al, baseline glucose levels were shown to predict hospitalization for
heart failure (HF) in subjects at high risk for CV events. The study included >31,000
patients with CV disease (CVD); with diabetes and end-organ damage, or both. Mean
follow-up was 886 days.

* In patients without known diabetes, an 18 mg/dL-higher FPG was associated with a 23%
increase in the risk of hospitalization for HF on multivariate analysis (adjustments included
age, gender, smoking, previous MI, hypertension, diabetes, and medication with aspirin,
beta-blockers, and statins).

* ONTARGET = Ongoing Telmisartan Alone and in Combination with Ramipril Global
Endpoint Trial; TRANSCEND = Telmisartan Randomized Assessment Study in ACE
Intolerant Subjects with Cardiovascular Disease
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Admission glucose and glucose change within 24 hours predict mortality risk

» Goyal et al demonstrated that admission glucose and changes in glucose level within the
first 24 hours predict the risk of mortality at 30 days in AMI patients without a history of
diabetes.

» The risk of 30-day mortality decreased by 9% per 11 mg/dL reduction in glucose within the
first 24 hours after AMI.

» By contrast, glucose measurements did not predict outcome in AMI patients with a history
of diabetes. The authors suggested that this might be related to the relatively small
numbers of diabetic patients in the study.
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Hyperglycemia at the Vessel Wall

This section discusses the potential impact of hyperglycemia in the vasculature with
particular emphasis on acute effects.
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Potential hyperglycemia-induced tissue damage

This schematic diagram summarizes the general features of hyperglycemia-induced tissue
damage.

Hyperglycemia exerts independent tissue-damaging effects that lead to multiple diabetes-
related clinical complications.

Cumulative long-term effects of high glucose levels inside susceptible cells, and repeated
acute changes in cellular metabolism caused by spikes in glycemic levels, may contribute
to the complications of diabetes.

Furthermore, genetic factors may determine individual susceptibility, and independent
factors, such as hypertension, may accelerate complications.
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Hyperglycemia in AMI: Treatment targets?

» This slide summarizes multiple adverse metabolic and CV effects associated with acute
hyperglycemia, which may contribute to poor outcomes in AMI.

» Hyperglycemia promotes numerous inflammatory processes, including endothelial
dysfunction, thrombosis, and platelet reactivity.

» Metabolic derangements related to hyperglycemia increase generation of free fatty acids
(FFA). Increased reliance on FFA as a fuel during ischemia and reduced reliance on
glucose, increase susceptibility to myocardial ischemia and lower myocardial
performance.(1)

« Stress hyperglycemia is a major predictor of left ventricular (LV) remodeling after AMI
in nondiabetic patients.

1. Rosano GMC et al. Am J Cardiol. 2006;98(suppl):14J-8.
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Glucose 140 mg/dL 2.6 0.001

Hyperglycemia: Independent predictor of impaired myocardial blood flow in STEMI

Timmer et al investigated the association between Thrombolysis In Myocardial Infarction

(TIMI) flow grade and hyperglycemia in patients with STEMI (ST-segment-elevation MI)
prior to reperfusion therapy.

Hyperglycemia was defined as glucose 140 mg/dL. TIMI flow grade in coronary arteries
is classified as grades 0 through 3, ranging from no flow (grade 0) to complete perfusion
(grade 3).

Significantly more patients with hyperglycemia had TIMI flow grade O vs grades 1 to 3.

Hyperglycemia was a strong independent predictor of TIMI flow grades 0 to 2 in the
infarct-related vessel on multivariate analysis.
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Hyperglycemia increases endothelial dysfunction

* Rodriguez et al investigated whether hyperglycemia influences endothelial function.
The study was conducted in a multiethnic group of adults with no history of diabetes,
MI, or stroke.

» Fasting glucose showed a modest, yet statistically significant, continuous linear inverse
association with flow-mediated dilation. Within the glucose range of 110-125 mg/dL (IFG),
the risk for endothelial dysfunction (determined by abnormal flow-mediated brachial artery
dilation) increased substantially.

« These observations suggest that hyperglycemia is implicated in the development of
vascular dysfunction and reflect the role of IFG as a CV risk factor.
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Myocardial blood flow response to hyperemia in insulin-resistant states

» Prior et al investigated the effects of insulin resistance on vascular function in 174 subjects
over the full spectrum of insulin resistance. Subjects were grouped according to whether
they were insulin sensitive, insulin resistant, or had IGT, diabetes, or diabetes with
hypertension (HTN).

* Mpyocardial blood flow (MBF) response to pharmacologic vasodilation with dipyridamole
or adenosine was reduced by 17% in subjects with diabetes, and by 35% in subjects with
diabetes and hypertension compared with insulin-sensitive subjects, after adjustment
for mean group differences in MBF at rest, age, body mass index (BMI), and gender.

* Responses of MBF to adenosine or dipyridamole reflect total vasodilator capacity,
suggesting that total vasodilator capacity is diminished in diabetes.
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Myocardial blood flow response to cold pressor testing in insulin-resistant states

Prior et al also measured MBF in response to the cold pressor test (CPT) in 174 subjects
over the full spectrum of insulin resistance. The CPT causes sympathetic stimulation; the
vasoconstrictor effect of CPT is normally offset by increases in nitric oxide (NO)-mediated
(ie, endothelium-dependent) vasodilation.(1)

However, MBF response to the CPT progressively declined in the groups with insulin
resistance, IGT, diabetes, and diabetes and hypertension.

These findings (impaired MBF response to CPT) indicate a progressively reduced
availability of NO, and worsening of NO-mediated, endothelium-dependent vasomotion,
across the spectrum of insulin-resistant states.

1. Kjaer A et al. J Nucl Med. 2003;44:19-23.
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Hyperglycemia associated with increased inflammatory markers in AMI

» Marfella et al studied the effects of stress hyperglycemia in 108 patients with AMI,
including 31 patients with new hyperglycemia (glycemia 126 mg/dL), 36 patients with
diabetes documented before admission, and 41 patients with normoglycemia.

» Patients with new hyperglycemia and known diabetes had significantly higher levels of
C-reactive protein (CRP) and interleukin (IL)-18 compared with normoglycemic patients.
The highest levels of these inflammatory markers were in patients with new
hyperglycemia.

* The boxes on the slide represent the 10th to 90th percentiles centered about the mean,;
the 5th and 95th percentiles are indicated as error bars.
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Acute hyperglycemia abolishes ischemic preconditioning in dogs

Ischemic preconditioning provides a powerful means to reduce myocardial infarct size
in vivo and may limit the extent of myocardial infarction.

Kersten et al studied the interaction between hyperglycemia and ischemic preconditioning
in a dog model of coronary artery occlusion and reperfusion.

All dogs received infusions of dextrose to cause transient hyperglycemia (target 300
mg/dL). A subgroup of dogs also underwent an ischemic preconditioning protocol, and
showed reduced infarct size.

Transient hyperglycemia did not change myocardial infarct size; however hyperglycemia
abolished the protective effect of ischemic preconditioning on myocardial infarct size.
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Impact of hyperglycemia on platelet function

This schematic summarizes the altered platelet functions in T2DM that contribute
to increased platelet activation, aggregability, and adhesiveness.

T2DM, hyperglycemia, glycated low-density lipoproteins (Gly/LDL), and hyperinsulinemia
may cause a variety of platelet changes favoring thrombosis.

Various alterations combine to activate the arachidonic acid pathway, causing increased
thromboxane biosynthesis, which mediates further platelet activation, fostering a
hypercoagulable state.

Abbreviations used in this slide:
ATPase = adenosine triphosphatase
ROS = reactive oxygen species
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Glucose fluctuations correlate with oxidative stress

» Monnier et al showed that in patients with T2DM, glucose fluctuations during postprandial
periods and generally during glucose swings, correlated strongly with oxidative stress.

» Oxidative stress was determined by measuring urinary excretion rates of 8-iso
prostaglandin (PG)F2alpha.

» Acute glucose fluctuations increased oxidative stress to a greater extent than chronic
hyperglycemia.
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Vascular Effects of Insulin: Implications for Hyperglycemia Management

The slides in this section discuss recent evidence demonstrating the potential beneficial
effects of insulin on the vascular wall and the relevance to cardiovascular disease.
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Potential beneficial effects of insulin

» This slide summarizes the contemporary view of the action of insulin, based on studies in
humans and animal models that have demonstrated cardioprotective, neuroprotective, and
antiapoptotic effects.

» Several mechanisms may explain the potential beneficial effects of insulin, including
enhanced vasodilation, reduced oxidative stress, reduced inflammation, platelet inhibition,
and improved fibrinolysis.

» Abbreviations used in slide:
cAMP = cyclic adenosine monophosphate
CRP = C-reactive protein
eNOS = endothelial nitric oxide synthase
ICAM-1 = intracellular cell adhesion molecule-1
IkappaB = inhibitor kappaB
MCP-1 = monocyte chemoattractant protein-1
NF-kappaB = nuclear factor-kappaB
NO = nitric oxide
PAI-1 = plasminogen activator inhibitor-1
ROS = reactive oxygen species
TF = tissue factor
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Insulin exerts dose-dependent vasodilatory effect on adenosine-stimulated
myocardial blood flow

Sundell et al showed that insulin induces dose-related vasodilation during adenosine-
stimulated hyperemia, in a study conducted in 10 healthy men, mean age 32 years, and
mean BMI 24.1 kg/m?.

Insulin was infused at physiologic (1 mU/kg per min) and supraphysiologic (5 mU/kg per
min) doses. Measurements were obtained using positron emission tomography (PET).

MBF increased by 20% with physiologic hyperinsulinemia, and by an additional 19% with
supraphysiologic hyperinsulinemia. The serum concentration of insulin was seven-fold
higher during the high-dose insulin infusion.

Previous studies have shown that insulin increases blood flow mainly by stimulating NO
synthase.(1)

1. Scherrer U et al. J Clin Invest. 1994;94:2511-5.
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Insulin infusion improves myocardial blood flow in patients with T2DM and CAD

Finnish investigators examined the effect of insulin on MBF in regions of impaired
perfusion, in patients with T2DM and ischemic CAD. All subjects refrained from taking their
usual medications for 12 hours prior to the PET study to avoid potential confounding
effects of the agents.

In general, MBF was significantly lower in ischemic vs nonischemic regions.

Insulin infusion increased MBF significantly in ischemic and nonischemic regions at rest
and during adenosine-induced hyperemia. Response of MBF to insulin was similar in
ischemic and nonischemic regions.

These results suggest that insulin-induced vasodilation enhances endothelial function,
which potentially raises the threshold for ischemia in individuals with T2DM and CAD.
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Insulin reduces myocardial injury and post-ischemic apoptosis in dogs

Zhang et al examined whether a physiologically-tolerable dose of insulin would protect the
myocardium against ischemia/reperfusion injury in a dog model.

They also investigated whether high levels of glucose, as are administered during glucose-
insulin-potassium (GIK) therapy, offer protection against post-ischemic myocardial injury.

Dogs underwent 50 minutes of severe ischemia followed by 4 hours of reperfusion.
Starting 10 minutes prior to reperfusion and continuing throughout reperfusion, the dogs
were administered vehicle (placebo), GIK (glucose 250 g/dL + insulin 60 U/L + potassium
80 mmol/L), glucose + potassium (GK), or low-dose insulin (30 U/L).

Low-dose insulin and GIK therapy decreased infarct size and reduced myocardial
apoptosis to a similar degree, whereas both infarct size and apoptosis increased
significantly with

GK therapy.

Further studies with this dog model are continued on the next slide.
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Insulin improves post-MI cardiac contractile function recovery in dogs

Zhang et al also evaluated whether reductions in postischemic myocardial injury with
low-dose insulin were associated with improved cardiac functional recovery.

Compared with the vehicle group, cardiac contractile function was significantly increased
with low-dose insulin and GIK at 2 and 4 hours after reperfusion. By contrast, the
combination of GK therapy tended to reduce functional recovery after reperfusion.

Hyperglycemia increased significantly with GK treatment, whereas it declined significantly
with low-dose insulin.

The study provides evidence that hyperglycemia is harmful, rather than helpful, to the
ischemic heart, and that exogenous glucose may be unnecessary to realize the
cardioprotective effects of insulin.

26



Slide 27

Insulin infusion has anti-inflammatory and profibrinolytic effects

Chaudhuri et al studied the effects of low-dose insulin infusion on indicators of
inflammation and fibrinolysis in 32 patients with ST-segment-elevation myocardial
infarction (STEMI). Patients were randomly assigned to treatment with insulin infusion or
control.

High-sensitivity CRP concentrations increased significantly over 48 hours in both groups.
However the absolute increases in CRP were ~40% lower in the insulin-treated group at
24 and 48 hours.

Insulin therapy resulted in a significantly lower absolute increase in plasminogen activator
inhibitor-1 (PAI-1) concentrations from baseline over time than in controls.
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Insulin infusion with normoglycemia decreases NF-kappaB

 Intranuclear nuclear factor-kappaB (NF-kappaB) induces transcription of proinflammatory
cytokines, adhesion molecules, and reactive oxygen species (ROS)-generating enzymes.

» Dandona et al demonstrated that, in obese subjects with normal glucose levels (FPG
<100 mg/dL), insulin infusion was associated with a significant reduction in NF-kappaB).
Insulin infusion rates were titrated so that glucose concentrations remained near
baseline levels.

» Levels of NF-kappaB decreased by 64% at 2 hours and 46% at 4 hours from baseline
values following insulin infusion. Dextrose infusion did not cause any change in NF-
kappaB.
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Intensive insulin reverses impaired platelet response in ACS patients with T2DM

Impaired responsiveness to the anti-aggregatory effects of NO is a component of platelet
dysfunction in diabetic patients with acute coronary syndromes (ACS).

Worthley et al evaluated NO responsiveness of platelets in ACS patients with T2DM.

Admission BG level was inversely correlated with platelet responsiveness to NO, as
measured by response to sodium nitroprusside (SNP).

Patients with a BG >180 mg/dL (n = 60) were randomized to 12 hours of 1V insulin (soluble

human insulin) or subcutaneous (sc) insulin.

Rapid correction of hyperglycemia with IV insulin significantly improved platelet
responsiveness to NO. Baseline BG was reduced to 142 mg/dL with 1V insulin vs 189

mg/dL with sc insulin.
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Rationale for Maintaining Glycemic Control in the Hospital

The slides in this section discuss the control of hyperglycemia of patients hospitalized with AMI.
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Glucose targets for hospitalized patients

Recommended BG levels for ICU patients:

American College of Endocrinology (ACE): 110 mg/dL

American Diabetes Association (ADA): as close to 110 mg/dL as possible and generally
<180 mg/dL

*
*

- ACE BG targets for non-ICU patients:

+ FPG (preprandial): 110 mg/dL
+ Postprandial: 180 mg/dL

- ADA BG targets for non-ICU patients:

FPG (preprandial): 90-130 mg/dL or a midpoint of 110 mg/dL
Postprandial: <180 mg/dL

+ I+
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Glycemic control in the ICU

Van den Berghe et al conducted a prospective, randomized, controlled single-center study
of intensive insulin therapy in 1548 critically ill patients in the surgical ICU; 63% of the
patients had undergone cardiac surgery.

On admission, patients were assigned to receive either intensive IV insulin or conventional
therapy.

The target BG level with intensive therapy was 80-110 mg/dL vs 180-200 mg/dL with
conventional therapy.

The morning BG level achieved in the intensive and conventional treatment groups was
103 mg/dL vs 153 mg/dL, respectively.

At 12 months, mortality in the ICU was reduced from 8% with conventional care to 4.6%
with intensive IV insulin (adjusted P < 0.04).
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Intensive insulin therapy in surgical ICU reduces morbidity and mortality

Intensive insulin therapy reduced mortality and morbidity significantly among critically ill
patients in the ICU.

Outcomes improved in patients with and without a history of diabetes; only 13% of patients
in each group had a history of diabetes.
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IV insulin infusion protocols: Comparison of targets and recommendations

Insulin infusion protocols can decrease the time to achieve and maintain a target BG
range, and reduce the occurrence of hypoglycemia relative to sliding-scale insulin and
physician-directed titration.

Numerous IV insulin protocols have been designed for patients in the medical and surgical
ICU. This slide compares BG target levels and insulin recommendations for protocols
published between 2001 and 2006.

The protocols vary considerably in BG target levels and insulin doses, and in other aspects
of management such as use of bolus therapy; steps for initiation, titration, and adjustment
of insulin; and methods of insulin adjustment.

One protocol may not be appropriate for all patients. Critically ill medical patients may
respond differently than postoperative patients because of changing stress hormone
levels, underlying diabetes, or other comorbid conditions. The selection of a protocol
requires careful investigation and consideration of the type of patient involved.
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Essential elements of an IV insulin protocol

Essential elements of an 1V insulin protocol for management of hospitalized patients with
hyperglycemia involve strategies to:

Correct hyperglycemia in a timely and safe manner

Adjust the insulin infusion rate to reach and maintain BG targets

Increase or decrease insulin infusion rates, as needed, without under-

or overcompensation

Maintain rate adjustments as the patient’s insulin sensitivity or nutritional status changes
Address hypoglycemia or a rapid decrease in BG

Transition to sc insulin when indicated

+ + I+

+ H+ 1+
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ACC/AHA STEMI guidelines: Strict glucose control

American College of Cardiology (ACC)/American Heart Association (AHA) guidelines for
the management of patients with STEMI recommend insulin infusion to normalize BG for
all patients with complications.

During acute management, administering IV insulin to normalize BG in STEMI patients
with hyperglycemia is reasonable, even for those without complications.

After the acute phase, treatment of patients with diabetes should be individualized.
Clinicians are advised to select combinations of agents that achieve optimal glycemic
control and are well tolerated.
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ACC/AHA NSTEMI guidelines: Diabetes

The ACC/AHA guidelines for managing patients with non ST-segment-elevation
myocardial infarction (NSTEMI) recognize diabetes as an independent risk factor for
increased morbidity and mortality.

Acute-phase care, including medical treatment and decisions on whether to perform stress
testing, angiography, and revascularization, should be similar in diabetic and nondiabetic
patients.

Tight glucose control is recommended.

Abbreviation used in slide:
UA = unstable angina
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Glucose-Insulin-Potassium (GIK) in AMI

The slides in this section discuss recent insights on the use of glucose-insulin-potassium
(GIK) infusions in patients with AMI.
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Glucose-insulin-potassium “cocktail”

GIK infusion has been widely used for several decades to potentially reduce mortality in
patients with AMI. The assumption that metabolic modulation with GIK therapy would
lower mortality is supported by a sound conceptual basis.

Several mechanisms have been proposed for its efficacy during AMI:

+ Glucose, given in high doses, improves the efficiency of myocardial energy production
by becoming the main energy source for the heart.

+ Insulin suppresses circulating levels of FFA thereby reducing FFA uptake by the

myocardium; excess FFA are toxic to the myocardium and may increase ischemic

damage and the risk of arrhythmia.(1)

Intracellular potassium levels are depleted during ischemia. Potassium infusion

increases levels within myocytes, lowering the risk of ventricular arrhythmias.

CREATE-ECLA = Clinical Trial of Reviparin and Metabolic Modulation in Acute

Myocardial Infarction Treatment Evaluation-Estudios Cardiologicas Latin America

Study Group

I+

I+

1. Oliver MF, Opie LH. Lancet. 1994;343:155-8.
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GIK: Summary of early trials in AMI

An overview of early trials of GIK for the treatment of AMI showed only a modest potential
benefit. The overall meta-analysis including 9 trials with 1932 patients showed hospital
mortality was reduced 28%.
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Major trials of GIK in AMI

The DIGAMI (Diabetes Mellitus Insulin-Glucose Infusion in Acute Myocardial Infarction)

1 study, in patients with T2DM and AMI, compared GIK therapy for 24 hours followed by
multidose sc insulin for 3 months with standard care. One-year mortality was reduced by
29% in intensively-treated patients.

In DIGAMI 2, 1253 patients with T2DM and AMI were allocated to 1 of 3 treatments
groups:

IV GIK 24 hours plus multidose sc insulin >3 months

IV GIK 24 hours followed by usual care (ie, routine management according to local
practice)

Usual care

+ I+

I+

Mortality was similar among the 3 groups.

CREATE-ECLA compared the effect of a 24-hour infusion of high-dose GIK vs usual care
on 30-day mortality in >20,000 STEMI patients. The study included patients with all levels
of glucose at entry. High-dose GIK infusion had a neutral effect on CV outcomes.
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CHF accounted for 66% of all deaths

DIGAMI 1: CVD mortality after AMI

Improved metabolic control by acute GIK therapy followed by long-term intensive insulin
treatment improved long-term prognosis among patients with T2DM and AMI. Over a
mean 3.4 year follow-up, the relative risk of mortality was reduced 28% vs control in the
total group. Congestive heart failure (CHF) accounted for 66% of all deaths.

Patients without prior insulin treatment and with a low CV risk profile had a 51% relative
reduction in mortality.

The intensive insulin group had a significantly greater reduction in A1C at 3 months and at
12 months compared with the control group. Fasting blood glucose after 1 year did not
differ between groups.
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DIGAMI 2 CREATE-ECLA

DIGAMI 2 and CREATE-ECLA outcomes show need for glucose control

Although DIGAMI 2 was designed to assess the benefit of better glucose control, the
group receiving acute GIK followed by long-term intensive insulin therapy did not reach the
90-126 mg/dL BG target. All 3 groups had similar BG throughout the study.

Clearly, DIGAMI 2 showed that the benefit of intensive treatment seen in DIGAMI 1
is explained by better glucose control and not by GIK.

CREATE-ECLA was not a glucose control trial—patients were randomized irrespective
of baseline glucose levels, and intensive glucose control was not required.

In CREATE-ECLA mean glucose level increased from baseline in the GIK group (as
shown on the next slide).
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CREATE-ECLA: Effect of GIK on mortality, glucose

Infusion with GIK had a neutral effect on mortality. The 30-day mortality rate was 9.7%
in the control group and 10.0% in the GIK group.

Mean serum glucose levels increased from baseline in the GIK infusion group. Starting
from a baseline glucose of 162 mg/dL in both groups, at 6 hours mean glucose level
increased to 187 mg/dL in the GIK group and decreased to 148 mg/dL in the control group.

Higher serum glucose levels in the GIK group may have blunted the potential benefits
of insulin.
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CREATE-ECLA: Correlation of baseline glucose with mortality

In CREATE-ECLA, higher admission glucose levels were a risk marker for mortality
in patients with AMI.

Thirty-day mortality rates increased progressively from the lowest to the highest tertile
of baseline glucose level.
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What CREATE-ECLA shows about GIK

CREATE-ECLA reliably demonstrated that high-dose GIK infusion in patients with AMI
does not reduce mortality or other adverse outcomes.

Despite its sound scientific rationale, the results of CREATE-ECLA show beyond any
reasonable doubt that there is no benefit of GIK therapy.

46



Slide 47

Aggressive Hyperglycemia Management

The slides in this section discuss data that support aggressive management of
hyperglycemia in high-risk patients.
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Hyperglycemic patients
Post-discharge

Significant hospital hyperglycemia requires close follow-up

Hospitalization for ACS represents a potential opportunity to assess glycemic control.
Patients with a history of diabetes should have A1C assessed so that adjustments to
medications can be considered for those with evidence of poor glycemic control.

Patients with no prior history of diabetes who are found to have hyperglycemia (random
BG >125 mg/dL) during hospitalization should receive follow-up testing for diabetes within
1 month after discharge. Approximately 60% of these patients are likely to have diabetes.
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Glucose control in ACS patients with diabetes often unknown or undertreated
at discharge

Conaway et al examined the response of physicians to glycemic control in 235 patients
with acute coronary syndromes (ACS) and diabetes.

Nearly one-third of the group was discharged without having A1C assessed.

Among the patients whose A1C was assessed (n = 162) 60% had poor glycemic control
(A1C >7%).

Responses to abnormal A1C levels were inadequate in many patients. More than half of
the patients with A1C 7-9%, and nearly one-third of the patients with A1C >9% did not
have their diabetes regimen intensified at discharge.
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- 1% A1C associated with: - 20% CVD events, - 22% mortality

EPIC-Norfolk: CV risk increases with A1C level

Khaw et al examined the relationship between A1C level, CV disease, and total mortality in
>10,000 adults aged 45 to 79 years participating in the European Prospective Investigation
into Cancer in Norfolk (EPIC-Norfolk) study.

The relative risk for CV disease and total mortality increased continuously throughout the
distribution of A1C in men and women. Compared with an A1C concentration of <5%,
each 1% increase in A1C was associated with a 20% increase in CV disease events and a
22% increase in all-cause mortality, independent of multiple risk factors.

50



Slide 51

UKPDS 33: Glycemic control declines over time

The UK Prospective Diabetes Study (UKPDS) compared the effects of conventional
glucose-lowering therapy with diet and intensive treatment with monotherapy on the risk of
complications in 3867 patients with newly diagnosed T2DM. The median duration of
follow-up was 10 years.

Patients randomized to intensive therapy were treated with either insulin or sulfonylureas.
Conventional therapy consisted of dietary counseling.

Glucose control decreased progressively with both intensive and conventional therapy
over the course of the study.
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~53% of patients required additional insulin therapy by year 6

Need for insulin increases over time

By 6 years, ~53% of the patients allocated to intensive therapy with sulfonylurea required
insulin therapy to achieve and maintain FPG <108 mg/dL, which was the aim of intensive
glucose control.

Evidence that the majority of patients with newly diagnosed T2DM required additional
treatment to maintain glucose control by 6 years demonstrates the progressive nature
of hyperglycemia in T2DM.
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A1C 7% vs 7.9% with intensive vs conventional treatment

UKPDS 33: Effect of intensive glucose control on T2DM complications

Intensive glucose control was associated with a significant 12% reduction in any diabetes-
related outcome, and nonsignificant reductions of 10% in diabetes-related deaths and 6%
in all-cause mortality.

There was a 16% risk reduction in MI, which included nonfatal and fatal Ml and sudden
death, with marginal statistical significance; the risk of stroke increased, nonsignificantly,
by 11%.

Microvascular endpoints decreased by 25% with intensive treatment, mostly due to fewer
cases of retinal photocoagulation.

The UKPDS showed that intensive glucose control significantly decreases microvascular
complications in patients with T2DM, but it did not conclusively show that intensive therapy
benefits CV disease.
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UKPDS 34: Glucose control and CV outcomes

In UKPDS 34, the primary analysis was a comparison of the effect of metformin against
conventional therapy in overweight patients. The secondary analysis examined the
differences between the other intensive therapies and metformin.

In overweight patients, intensive glucose control with metformin resulted in significantly
lower risks of all-cause mortality (-36%) and Ml (-39%) than conventional therapy.
Metformin lowered the risk of all-cause mortality significantly more than other intensive
therapy.

The risk of stroke was reduced to a similar extent with metformin and other intensive
treatments compared with conventional treatment.
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Hypothesis-generating study

Limitations of UKPDS

Potential limitations of UKPDS might have influenced the lack of a clear benefit of
intensive therapy on macrovascular outcomes.

Median A1C was 7.0% in the intensively treated group vs 7.9% with conventional
treatment; a difference of only 0.9%.

The 7% A1C achieved with intensive treatment is higher than the most recent ADA
recommendation of <7%. Epidemiologic evidence has shown that any elevation in
glycemia 5% increases CV disease risk.(1)

Delay in the addition of multiple interventions for better glycemic control might account for
the lack of benefit on atherosclerosis.

UKPDS was not powered to assess the effect of intensive glucose lowering on CV
outcomes.(2)

UKPDS was a hypothesis-generating study.

1. Khaw K-T et al. Ann Intern Med. 2004;141:413-20.
2. Libby P, Plutzky J. Circulation. 2002;106;2760-3.
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~42% Risk ~57% Risk
(9%:63%) (12%:79%)
P =0.02 P =0.02

A1C 7.4% vs 9.1%

DCCT/EDIC: Intensive glucose control associated with reduced long-term CV risk

The Diabetes Control and Complications Trial (DCCT) compared the effects of intensive vs
conventional diabetes treatment on the long-term incidence of CV disease in patients with
type 1 diabetes who were treated for 6.5 years.

At the end of DCCT, participants on intensive therapy had a mean A1C level of 7.4% vs
9.1% in the conventional-treatment group.

The Epidemiology of Diabetes Interventions and Complications (EDIC) study followed 97%
of the DCCT subjects for an additional 11 years after treatment ended in a post-trial
observational study.

At the end of the follow-up, the intensive-therapy group had a 42% relative reduction in the
risk of CV events and a 57% relative reduction in the risk of severe clinical events,
including nonfatal Ml, stroke, and CV death, compared with the group that had received
conventional treatment.
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EDIC year 11: Patient characteristics at mean age 45

At year 11 of EDIC, there were only slight differences in most CV risk factors between the
conventional and intensive treatment groups.

Over 90% of the patients in both treatment arms were on intensive diabetes management
with insulin; the absolute difference in A1C was 0.1%.

Conventional treatment was associated with substantially higher rates of microalbuminuria
and albuminuria (albumin excretion rates of 40 and 300 mg/24 hours, respectively).

The beneficial effect of 6.5 years of intensive glucose-lowering treatment on CV outcomes
was significant after adjusting for renal effects. Differences between treatment groups in
A1C level during the DCCT explained much of the CV benefit of intensive therapy.
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Glycemic control and vascular disease in T2DM

Stettler et al performed a systematic review and meta-analysis of all randomized,
controlled trials of long-term glycemic control to help clarify the effect on macrovascular
disease.

The analysis for T2DM was based on 6 randomized, controlled trials including 4472
patients with 1587 macrovascular events.

Combined data for T2DM demonstrated risk reductions of 19% in macrovascular disease,
42% in peripheral vascular disease, and 42% in stroke. Cardiac events were reduced by
9%, but the reduction was marginal.
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Diabetes management trials: Clinical trial horizon

Evidence from clinical trials has provided important insights for clinical management
of diabetes including: UKPDS and DCCT/EDIC (see earlier slides), DREAM (Diabetes
Reduction Assessment with Ramipril and Rosiglitazone Medication), and PROactive
(Prospective Pioglitazone Clinical Trial in Macrovascular Events).

Outcomes of ongoing trials investigating the relationship between various interventions
to lower glucose are awaited with great interest (1,2):

+ NAVIGATOR: Nateglinide and Valsartan in Impaired Glucose Tolerance Outcomes
Research

VADT: Veterans Affairs Diabetes Trial

HEART 2D: Hyperglycemia and its Effect after Acute Myocardial Infarction on
Cardiovascular Outcomes in Type 2 Diabetes

BARI 2D: Bypass Angioplasty Revascularization Investigation 2 Diabetes
RECORD: Rosiglitazone Evaluated for Cardiac Outcomes and Regulation of Glycaemia
in Diabetes

ADVANCE: Action in Diabetes and Vascular Disease

ORIGIN: Outcome Reduction with Initial Glargine Intervention

ACCORD: Action to Control Cardiovascular Risk in Diabetes

Look AHEAD: Action for Health in Diabetes

+ I+

+ +

+ H+ 1+ +

1. Buse JB, Rosenstock J. Endocrinol Metab Clin N Am. 2005;34:221-35.
2. Gerstein HC, Rosenstock J. Endocrinol Metab Clin N Am. 2005;34:137-54.
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Ongoing trials of glucose lowering and CV outcomes

Among the most debated clinical questions in T2DM are whether glycemic control is

associated with a reduction in CV disease and how low glycemic targets should be for
optimal benefit.

The impact of intensive glucose lowering on CV disease is under active investigation
in clinical trials including ADVANCE, VADT, ACCORD, and ORIGIN.
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Practical Considerations in Clinical Management

This section discusses practical issues in managing patients with diabetes and examines
considerations in the selection of therapy for glycemic control.
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Guideline-recommended glycemic targets in diabetes

Level of A1C is the primary target for glycemic control; A1C levels reflect mean glucose
control over the preceding 2 to 3 months. Monitoring preprandial and postprandial glucose
levels is important for daily diabetes management.

ADA targets for glucose control:

Al1C: <%

FPG: 90-130 mg/dL

Postprandial plasma glucose: <180 mg/dL

+ H+ 1+

ACE targets for glucose control:

Al1C: 6.5%

FPG: <110 mg/dL

Postprandial blood glucose: <140 mg/dL

+ H+ 1+

The ADA suggests that postprandial glucose should be measured 1 to 2 hours after the
beginning of the meal, which generally is the peak level in patients with diabetes.
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Glucose dynamics: Basal and prandial

Self-monitoring of BG has increased awareness of daily glucose patterns and identified
2 components of hyperglycemia:

= Overnight and preprandial glucose (basal hyperglycemia)

+ Postprandial peaks in glucose (postprandial hyperglycemia)

On this slide, the area between the normal 24-hour glucose curve and the curve showing
a typical 24-hour pattern in T2DM represents the excess glycemia exposure of tissues in
T2DM,; this area is divided to indicate the relative contribution of FPG and postprandial
glucose peaks to hyperglycemia.

Recognition of the 2 components of hyperglycemia has identified postprandial and basal
hyperglycemia as 2 separate targets of glycemia control.
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Relative contributions of postprandial glucose and FPG to A1C

Monnier et al analyzed the daily glycemic profiles of patients with T2DM, with different
levels of A1C, to determine the relative contribution of fasting and postprandial plasma
glucose to hyperglycemia.

Contributions of postprandial and fasting hyperglycemia to A1C shifted as T2DM
progressed. The relative contribution of postprandial glucose elevations to A1C decreased
progressively over quintiles of A1C; conversely, the impact of FPG increased with rising
Al1C level.

Postprandial glucose spikes are the major determinants of hyperglycemia in patients with
moderate T2DM, whereas basal glucose plays an increasing role as T2DM worsens.
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Glycemic control deteriorates with standard therapies

A study by Cook et al examined the effect of adding sulfonylurea to metformin in patients
with diabetes that was not adequately controlled on monotherapy.

- After an initial improvement with combination therapy, glycemic control began
to progressively deteriorate within 6 months.

Levels of A1C were 8% in 44% of patients after 1 year, and in 85% of patients after
4 years.

Predictably, patients with higher A1C levels when sulfonylurea was added to metformin
reached A1C 8% more rapidly.
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A1C reduction with glucose-lowering medications

The armamentarium of agents for diabetes management includes 9 therapeutic classes.
The classes vary in their ability to lower A1C level.

The 3 oldest classes, including sulfonylureas, biguanides (metformin), and insulin, are the
most effective for lowering glycemia.
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-Glucosidase Acarbose, miglitol Delay carbohydrate absorption
inhibitors

Glimepiride, - Insulin secretion from pancreatic b cells
glipizide, glyburide

Thiazolidinediones Pioglitazone, - Insulin sensitivity in fat cells + muscle
rosiglitazone

Oral diabetes agents

Type 2 diabetes is a progressive disease with worsening glycemia over time. Most patients
require medications for adequate glucose control.

Six major classes of oral agents with different mechanisms of action are available:
Alpha-glucosidase inhibitors

Biguanides (metformin)

Sulfonylureas

Meglitinides

Thiazolidinediones

Dipeptidyl peptidase-1V (DPP-IV) inhibitors

+ H+ H+ + + I+

In general, these agents improve glucose control by decreasing glucose output
(metformin), stimulating insulin secretion, or increasing insulin sensitivity; alpha-
glucosidase inhibitors delay carbohydrate absorption.

If monotherapy does not provide adequate glucose control, combinations of agents with
different mechanisms of action may be used to improve glycemic control.
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Incretin agents in glucose control

Incretin agents are the newest antidiabetes therapies. Patients with T2DM have impaired
incretin function which affects the ability to regulate glucose levels.

The incretin (hormone) glucagon-like peptide-1 (GLP-1), which is released after meals,
stimulates insulin secretion, suppresses glucagon secretion, and slows gastric emptying.
The enzyme DPP-IV breaks down GLP-1.

Incretin mimetics (ie, GLP-1 analogues) improve glucose control and are associated with
weight loss, but have gastric side effects. These agents are administered by injection.
Exenatide is the first agent in this class.

DPP-IV inhibitors are administered orally; they improve glucose control similarly, are
weight neutral, and better tolerated than incretin mimetics.
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Lifestyle intervention + metformin
Add basal insulin Add sulfonylurea Add glitazone
(most effective) (least expensive) (no hypoglycemia)

Intensify insulin Add glitazone Add basal insulin Add sulfonylurea

Add basal or intensify insulin
Intensive insulin + metformin +/- glitazone

ADA: Managing hyperglycemia in T2DM

This consensus approach to management of hyperglycemia is intended to offer guidance
in choosing the most appropriate therapy for patients with T2DM.

Lifestyle intervention to decrease weight and increase activity is the initial step in T2DM
management and metformin is the initial medication used.

An A1C 7% should serve as a call to rapid action to initiate or change therapy and
intensify treatment to achieve and maintain glycemic levels as close to the nondiabetic
range as possible.

Combinations of 3 oral agents can be used, although early initiation and intensification
of insulin therapy may be beneficial because of efficacy and cost.

Choices of antihyperglycemic agents are based primarily on relative glucose-lowering
efficacy, nonglycemic effects of medications that may reduce long-term complications,
safety profiles, tolerability, and cost.(1)

Agents not referred to in this algorithm (eg, DPP-1V inhibitors) are relatively less effective
choices for lowering A1C.(2)

1. Nathan DM et al. Diabetologia. 2006;49:1711-21.
2. Nathan DM. N Engl J Med. 2007;356:437-40.
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Mono- or Initiate insulin therapy
combination therapy (basal-bolus)

Combination Maximize OAD combinations
therapy Maximize insulin therapy

Monotherapy Initiate combination therapy*

Mono- or Continue therapy or
combination adjust as needed to meet
therapy ACE glycemic targets
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ACE road map to glycemic goals in T2DM: Treated patients

This slide illustrates a road map for prevention and treatment of T2DM to achieve or
maintain ACE targets for glycemic control.

The goal is to reach targets without substantial delay, but the road map can be varied
according to patient needs.

When initiating combination therapies, a broad range of therapies is possible that
combines agents with different mechanisms.

The method used to attain normoglycemia is considered less important than the fact that
the goal is achieved.(1)

Abbreviation used in slide:
OAD = oral antidiabetic agent

1. AACE. Endocr Pract. 2002;8(Suppl 1):40-82.
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Treat-to-Target study: Basal insulin lowers FPG and A1C

Treat-to-Target was a randomized, open-label, 24-week multicenter trial comparing the
ability of insulin glargine vs neutral protamine Hagedorn (NPH) insulin to reduce A1C to
7% when added to OADS.

Participants included 756 overweight men and women with T2DM on 1 or 2 oral
antidiabetes agents. Mean baseline A1C was 8.6%. Patients were randomized to glargine
or NPH insulin to be administered at bedtime.

As add-on therapy, glargine and NPH insulin were equally effective in reducing A1C.
Nearly 60% of patients in both groups reached A1C 7%.

Mean FPG at endpoint was similar with glargine and NPH insulin (117 vs 120 mg/dL,
respectively).

Further results are discussed on the next slide.
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Treat-to-Target: Nocturnal hypoglycemia vs glycemic control

Significantly more subjects taking glargine reached the glycemia targets of A1C 7% and
FPG 100 mg/dL without an episode of documented nocturnal hypoglycemia.

Insulin dosing was titrated to a target FPG of 100 mg/dL. Mean daily dosages at the end
of the study were 47.2 U for glargine and 41.8 1U for NPH.
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Fewer hypoglycemic episodes with insulin analogue

Janka et al compared the efficacy of adding a once-daily injection of basal insulin to oral
antidiabetic agents, vs twice-daily injections of premixed insulin only, as initial insulin
therapy in T2DM patients with insufficient glycemic control on OADs.

Premixed insulin consisted of 70% human NPH insulin and 30% regular insulin (70/30
insulin).

Over the 24-week treatment period, 49% of the group treated with glargine plus OADs
achieved an A1C 7% compared with 39% of the group treated with 70/30 insulin. Mean
adjusted A1C was reduced 1.64% with glargine plus oral agents vs a 1.31% reduction with
70/30 insulin.

There were approximately 50% fewer confirmed episodes of total, symptomatic, and
nocturnal hypoglycemia with glargine plus OADs than with 70/30 insulin.
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Insulin glargine + OAD effect on weight gain, A1C

Schrieber et al studied the effects of adding glargine in patients with T2DM who were
inadequately controlled on OAD treatment in clinical practice. The study included >12,000
patients enrolled by GPs, internal medicine specialists, and diabetologists. In addition to
their current OAD therapy, patients were treated with insulin glargine. The mean daily
glargine dose increased from 13.8 IU at baseline to 19.4 IU at 9 months.

At 9 months, A1C levels decreased 1.7% and FPG decreased 71 mg/dL compared with
baseline levels, without an increase in BMI. Improved glycemic control was associated
with a reduction in BMI in the majority of patients.
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Glycemic control and weight change with detemir vs NPH insulin

A study by Hermansen et al compared the effect of adding basal insulin with twice-daily
detemir or NPH insulin to oral therapy in patients with T2DM who were poorly controlled.

Doses of detemir or NPH insulin were titrated to achieve prebreakfast and predinner
glucose targets of 108 mg/dL.

At 24 weeks, A1C had decreased by 1.8% and 1.9% with detemir and NPH insulin,
respectively. In both groups, >70% of patients attained A1C 7%.

On average, patients treated with detemir gained 2.6 lbs, compared with 6.2 lbs with NPH
insulin.
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Add-on treatment with glargine vs rosiglitazone + SU/MET: A1C and FPG

Rosenstock et al reported results of a 24-week randomized, open-label trial evaluating the
effects of triple therapy in patients with poorly controlled T2DM: glargine or rosiglitazone
was added to sulfonylurea plus metformin.

Glargine was titrated weekly to maintain a FPG <100-120 mg/dL. The average final dose
was 39 IU/day. Rosiglitazone was initiated at 4 mg daily; at 6 weeks, if FPG was

>100 mg/dL, the dose was increased to 8 mg/day maximum; the average final dose was
7.1 mg/day.

Overall, reductions in A1C were comparable: -1.7% A1C with add-on glargine vs -1.5%
A1C with add-on rosiglitazone. However, patients with baseline A1C 9.5% had a
significantly greater reduction in A1C with glargine.

Add-on glargine was also associated with greater reductions in FPG compared with
rosiglitazone, beginning the second week of treatment.

Because a third oral agent is unlikely to reduce A1C by >1.5-1.7%, insulin is potentially the
only means to achieve A1C targets of 7% for patients with A1C >8.5-9.0%.

The next 2 slides discuss further observations from this study of triple therapy.
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Glargine vs rosiglitazone added to SU + MET: Lipid effects

Rosenstock et al demonstrated contrasting lipid effects of glargine and rosiglitazone as
add-on therapy to sulfonylurea and metformin in patients with T2DM.

Total cholesterol (Total-C), low-density lipoprotein cholesterol (LDL-C), and triglyceride
(TG) levels were reduced from baseline with glargine, whereas levels increased with

rosiglitazone.

Treatment with rosiglitazone increased levels of high-density lipoprotein cholesterol
(HDL-C), whereas levels were unchanged with glargine.
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Add-on Rx with glargine vs rosiglitazone + SU/MET: Comparative adverse effects

Add-on therapy with glargine was associated with more nocturnal hypoglycemia, but less
weight gain than add-on therapy with rosiglitazone.

However, other adverse effects were significantly more common among patients on

rosiglitazone compared with glargine. Peripheral edema occurred only in the group
receiving rosiglitazone.

In summary, the authors commented that the choice of add-on therapy with
thiazolidinediones or insulin (when 2 oral agents do not adequately control glycemia)
requires balancing the risks and benefits of each drug, beyond their glucose-lowering
action.
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Basal

Bolus

Basal and bolus insulin pharmacodynamics

Basal insulins include the newer insulin analogues, glargine and detemir; and NPH insulin.
Ideally, basal insulin replacement should reproduce the action of physiologic insulin as
closely as possible, and have a 24-hour duration of action without peaks of activity.

Glargine, which is injected once daily, has no pronounced peaks in a steady-state, 24-hour
pharmacokinetic profile. Detemir usually requires twice-daily dosing. The insulin analogues
glargine and detemir are associated with less hypoglycemia than NPH insulin.

For prandial insulin replacement, the preferred profile combines a rapid onset with a short
duration of action, similar to physiologic insulin secretion at mealtimes.

Newer rapid-acting insulin analogues, such as insulin glulisine, insulin lispro, and insulin
aspart, provide greater dosing flexibility and shorter duration of action than regular human
insulin.
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Dispelling misconceptions about insulin

Although hyperinsulinemia was previously thought to contribute to atherogenesis and CV
disease, insulin is now recognized as having anti-inflammatory and cardioprotective effects
that suppress atherosclerotic disease progression.

Lingering concerns about hypoglycemia with insulin have been substantially overcome
with the advent of insulin analogues. Newer steady-state, once-daily basal insulins are
associated with significantly less nocturnal hypoglycemia than older agents.

Weight gain can be a concern for patients starting insulin therapy. Newer insulin
analogues are more physiologic and lessen weight gain during insulin therapy.

Long-acting basal insulins require fewer injections than traditional agents.
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ACC/AHA secondary prevention guidelines: Diabetes management

Secondary prevention guidelines include recommendations for specific interventions
directed at patients with diabetes (class of recommendation and level of evidence):
* Initiate lifestyle and pharmacotherapy to achieve near-normal A1C of <7%. (I B)
= Begin vigorous modification of other risk factors (eg, physical activity, weight
management, blood pressure control, and cholesterol management, according

to guidelines recommendations). (I B)

Coordinate diabetic care with the patient’s primary care physician (PCP)

or endocrinologist. (I C)

I+
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Lifestyle modification

(nutrition and exercise)

Insulin vs OAD
for long-term management

‘| ‘|

Patient education
eg, self-monitoring of glucose

Continuity of care
PCP Endocrinologist

Discharge strategies for patients with hyperglycemia

Hospitalized patients with newly discovered hyperglycemia or established diabetes that
is not well controlled should be discharged with a plan for evaluation and management
of these conditions.

New-onset hyperglycemia or poorly controlled known T2DM observed in the hospital
represent an opportunity to institute a plan for long-term glycemic control that can
potentially prevent future complications.

Patients must be educated on the need for lifestyle modification with nutrition and
exercise, and on their key role in self-management of diabetes, eg, glucose self-
monitoring.

Decisions must be made concerning long-term treatment of T2DM and the use of insulin
vs oral antidiabetic agents.

It is important to ensure continuity of care with the patient’s PCP or endocrinologist,
and other health care providers.
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Managing glucose in T2DM

Much of the morbidity associated with long-term complications of diabetes can be reduced
by maintaining glucose levels as close to normal as possible through aggressive
management.

Lifestyle intervention and metformin are recommended as initial treatment. Lower levels
of glycemia at the time of initial therapy are associated with lower A1C over time, and
decreased long-term complications.

New guidelines for glucose management emphasize the importance of rapidly adding
medications, changing to new regimens, and intensifying treatment when target A1C levels
are not reached and maintained.

Early addition of insulin should be considered for patients who do not meet A1C targets,
because of its substantial glucose-lowering efficacy and lower cost.

83



Slide 84

Continuity of care for diabetes: It takes a health care team

Diabetes management is most effective when all the necessary components are part
of multifactorial intervention.

Optimal management of diabetes requires an organized, systematic approach and
involvement of a coordinated team of health care professionals.
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