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Chapter 1

Type 2 diabetes: the modern epidemic

Type 2 diabetes is a major clinical and public health problem. It is estimated that
in the year 2000, 171 million people worldwide had type 2 diabetes, including
about 18 million Americans, and it is estimated that these numbers will grow
to 366 million people worldwide and 30 million Americans by the year 2030.

This high prevalence of diabetes leads to a high global burden of the condi-
tion and its complications. Diabetes is the leading cause of blindness below the
age of 65 years, and it is responsible for almost half the cases needing dialysis.
Itis responsible for most non-traumatic amputations. The financial cost of this
condition is staggering, with one in seven healthcare dollars in the USA spent
on treating the condition or its complications. Indeed, despite the fact that
only about 10-15% of the Medicare population has diabetes, about 25% of the
American Medicare budget is spent on this condition. In addition, there is a
considerable expenditure on the social costs involved with people who suffer
with long-term complications, including disability and premature death.

The purpose of thishandbook s to give the practitioner a quick overview of the
subject, along with practical suggestions for the management of this condition.

Diagnosing diabetes

Criteria for the diagnosis of diabetes

« Symptoms of diabetes (polyuria, polydipsia, unexplained weightloss) plus
random plasma glucose concentration >200 mg/dL (11 mmol/L).

« Fasting plasma glucose (FPG) >126 mg/dL (7 mmol/L). (Fasting = no
caloric intake for at least 8 h.)

» Two-hour plasma glucose >200 mg/dL (11 mmol/L) during an oral
glucose tolerance test (OGTT) (75 g).

In the absence of unequivocal hyperglycemia with acute metabolic decom-
pensation, these criteria should be confirmed by repeat testing on a different
day. The OGTT is not recommended for routine clinical use.

V.A. Fonseca et al., Diabetes in Clinical Practice, 1
DOI 10.1007/978-1-84882-103-3_1, © Springer-Verlag London Limited 2010
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These diagnostic criteria are summarized in Figure 1.1.

The diagnosis of diabetes is currently made on the basis of several diagnostic
criteria (summarized above) [1]. In patients who have classic symptoms, such
as polyuria, polydipsia, and weightloss, a random plasma glucose greater than
200mg/dL (11 mmol/L) is diagnostic. However, most patients are asympto-
matic and those suspected of having diabetes should be screened with either
a fasting glucose or a 75 g glucose tolerance test. An FPG greater than or equal
to 126 mg/dL (7 mmol/L) is considered diagnostic of diabetes, but should be
confirmed on another occasion in asymptomatic patients. Following an OGTT,
avalue greater than 200 mg/dL (11 mmol/L) is considered diagnostic. However,
values below these figures are not entirely normal, as a normal fasting glucose
is less than 100mg/dL (5.5mmol/L), and therefore fasting glucose between
100 mg/dL (5.5 mmol/L) and 125 mg/dL (7 mmol/L) is diagnostic of impaired
fasting glucose (IFG), and a 2-hour post-glucose load of 140-199 mg/dL
(7.8-11.0mmol/L) is called impaired glucose tolerance (IGT). Both of these
conditions predict increased risk of subsequent progression to diabetes, and
also of macrovascular complications, even in the absence of progression to
diabetes. The latter is particularly true in patients with IGT.

It is also relatively easy to identify people who are at increased risk of
diabetes, who should therefore be screened early even if asymptomatic in
order to start treatment early, or take preventive steps described below should
they have IFG or IGT.

Diabetes

IFG +1GT

Normal

IFG, impaired fasting glucose; IGT, impaired glucose tolerance
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Who should be screened for diabetes
« Consider testing for all individuals >45 years; if normal, repeat every
3 years
« Consider testing at a younger age or more frequently for high-risk
individuals:
« obese (>120% desirable body weight or a body mass index (BMI)
>27 kg/m?)
« having a first-degree relative with diabetes
« members of a high-risk ethnic population (e.g. African-American,
Hispanic, Native American)
o delivered a baby weighing >9 Ibs (4 kg) or have been diagnosed with
gestational diabetes mellitus
« hypertensive (>140/90 mmHg)
« having a high-density lipoprotein cholesterol (HDL-C) level
<35mg/dL and/or a triglyceride level >250 mg/dL (280 mmol/L)
« IGT or IFG on previous testing
« In clinical settings, the FPG is preferred over the OGTT due to ease
of administration, convenience, patient acceptability, and lower cost

The diagnostic criteria have been selected on the basis of epidemiologic
evidence suggesting that there is a threshold for risk in the development
of retinopathy at these levels. However, glucose is a continuous variable
in the population, and the relationship with cardiovascular disease (CVD)
is almost linear - any increment in glucose leads to an increase in the risk
of CVD. This risk is also present even if only the postprandial glucose is
elevated and the fasting glucose normal (isolated IGT). Some difficulty
arises in differentiating between type 1 diabetes and type 2 diabetes. The
distinction is important (see Figure 1.2) since insulin is usually critical for
life in patients with type 1 diabetes.

While type 1 diabetes often develops in childhood and type 2 diabetes
in adults, the reverse can also be true. Similarly, while patients with type 2
diabetes are usually obese, about 10-15% of people may not have obesity,
and with the increase in obesity, several patients with type 1 diabetes may
actually have type 2 diabetes. Other differentiating features that may help
with classification include family history, which is much more common
in type 2 diabetes, and also a history of ketoacidosis, which is invariable
in type 1 diabetes, although it may occasionally occur in type 2 diabetes.
More important, diagnostic markers include the presence of other autoim-
mune diseases being associated with type 1 diabetes, and the presence of
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some antibodies, particularly antibodies to glutamic acid decarboxylase
(anti-GAD) in type 1. Figure 1.3 summarizes the differences between type
1 diabetes and type 2 diabetes.

Prediction and prevention of type 2 diabetes

Prediction

Type 2 diabetes can frequently be predicted in patients who have a wide
variety of risk factors as summarized above. Patients with these risk factors
should be considered for screening at an earlier age than those without these
conditions. These include patients with prior IGT or IFG, prior gestational
diabetes or polycystic ovarian syndrome, obesity, certain ethnic groups, and
patients with known vascular disease and hypertension.

In contrast, prediction of type 1 diabetes is more difficult and currently
is not routinely carried out in clinical practice. However, research studies
have identified siblings of patients who are at risk based on their HLA type
and the presence of islet cell and other antibodies.
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GAD, glutamic acid decarboxylase.

Prevention

Several clinical trials have demonstrated that modest changes in lifestyle
may lead to reduction in the risk of new onset diabetes. The most effective
treatment that is safe and easily achieved at low cost is lifestyle change,
including walking for 30 minutes a day and losing about 5% of body weight.
The results of the Diabetes Prevention Program (DPP) (see Figures 1.4 and
1.5) demonstrate that intensive lifestyle change resulted in a 58% reduction
in the conversion of IGT to diabetes. Metformin reduced the risk by about
30%, being more effective in younger obese subjects. In the DREAM study,
ramipril was not effective in preventing diabetes, whereas rosiglitazone led

DPS, Diabetes Prevention Study; DREAM, Diabetes REduction Assessment with ramipril
and rosiglitazone Medication; STOP-NIDDM, Study TO Prevent Non-Insulin-Dependent
Diabetes Mellitus; TRIPOD, Troglitazone in the Prevention of Diabetes.
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to a 60% reduction in conversion to diabetes. However, rosiglitazone was
associated with an increased risk of heart failure and is therefore unlikely to
be recommended for diabetes prevention. Based on clinical trials so far, the
following recommendations in Figures 1.5-1.7 can be made.

* Metformin 850 mg twice per day if no contraindications. Note, metformin is not approved
by the FDA for prevention of diabetes. BMI, body mass index; HDL, high-density lipoprotein.
Modified with permission from [2].

CVD, cardiovascular disease; IFG, impaired fasting glucose; IGT, impaired glucose tolerance.



High-risk patient

FPG= 126 mg/dL
(7mmol/L)

Treat diabetes

2-hBG=200mg/dL
(11mmol/L)
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Check FPG

FPG 100-125 mg/dL
(5.5-7.0 mmol/L) (IFG)

Consider OGTT
Lifestyle change

2-hBG=2140-199 mg/dL
(7.8-11.0 mmol/L)
(I6m

Lifestyle change

If that fails consider
metformin

FPG<100 mg/dL
(5.5 mmol/L) (normal)

Healthy diet and
physical activity

2-hBG<140 mg/dL
(7.8 mmol/L)
(normal)

Note: metformin and other medications have not been approved for prevention.
BG, blood glucose; FPG, fasting plasma glucose; IFG, impaired fasting glucose;

IGT, impaired glucose tolerance; OGTT, oral glucose tolerance test.

References

1 American Diabetes Association. Standards of medical care in diabetes — 2007. Diabetes

Care 2007; 30 (Suppl 1):S4-S41.

2 Nathan DM, Davidson MB, DeFronzo RA, et al. Impaired fasting glucose and impaired

glucose tolerance: implications for care. Diabetes Care 2007: 30(3):753-759.



Chapter 2

Management of diabetes

Goals of treatment

Historically, patient treatment has been reactive, guided by the assessment
of patients’ symptoms. However, elevated blood glucose, elevated blood
pressure and elevated cholesterol often have no symptoms. Yet, research
has demonstrated that early and successful treatment of these problems can
prevent or delay complications of diabetes [1].

In the long-term, treatment goals of diabetes are intended to prevent
microvascular complications, including blindness, kidney failure and
amputations, and, to whatever extent possible, prevent macrovascular
complications as well. The healthcare provider’s goal for the diabetes
patient must be proactive, working to extend life while maximizing well-
ness for the individual patient, based on the patient’s informed choice of
treatment goals. In the short term, the healthcare provider can be guided
by treatment goals established by a variety of experts. Experts recommend
that the primary focus of the providers’ attention be on controlling the
ABCs of diabetes: A1C, blood pressure and cholesterol [2] (see Figure
2.1).

To further facilitate achievement of treatment goals, a treatment plan
for diabetes patients should include those assessments necessary to evalu-
ate patient progress toward achieving long-term goals (see Figure 2.2). The
hemoglobin A1C test, available also as a point of care test, can be used to
help engage patients in discussions of treatment goals as well as to facilitate
collaborative agreements on treatment plan changes that are needed to
achieve the desired treatment goals [4].

The healthcare provider should be aware of the importance of negotiating
and achieving agreement with the patient regarding the diabetes treatment
plan. Stronger provider—patient agreements on treatment plans and strate-
gies for achieving treatment goals correlates well with improved patient
self-efficacy and diabetes self-management [5].

V.A. Fonseca et al., Diabetes in Clinical Practice, 9
DOI 10.1007/978-1-84882-103-3_2, © Springer-Verlag London Limited 2010
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Adapted from [3].

Data from [3].
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A chronic care model that is well-fitted to individual practices may be invalu-
able in assisting patients to achieve appropriate treatment goals. Readily accessible,
well-organized patient information and use of health information technologies
provide additional assistance [6]. One frequently used model, the Chronic Care
Model, developed by the MacColl Institute, is shown in Figure 2.3.

Shared care - the multidisciplinary approach

In the midst of the current diabetes epidemic, there appears to be consensus
by diabetes experts on the need for a team approach to diabetes manage-
ment and education [8]. A report by the American Association of Clinical
Endocrinologists (AACE) indicated that two out of three patients with type
2 diabetes do not have hemoglobin A1C levels under control. Nevertheless,
in a related survey reported by AACE, 84% of patients reported that their
blood glucose levels were “well controlled” [9] which begs the conclusion
that many patients do not understand the values associated with “good
control”. Patients need high quality, up-to-date diabetes education, as part of
a formal education process, as well as continuing education, as part of every
visit with each of the team members. These educational opportunities will
provide patients with all of the information necessary for skilled diabetes
self-management, including development of treatment goals.

The National Diabetes Education Program provides a detailed plan to
assist providers in developing a functional multidisciplinary team capable of
providing patients with consistent, aggressive treatment as well as educational
opportunities that will meet the individual needs of patients while assisting

Community Health systems

¢ Resources and policies ® Organization of health care
e Self-management support  Delivery system design
® Decision support

o Clinical information systems

Productive interactions

Informed activated Prepared, proactive
patient M practice team

Adapted with permission from [7].



12 « HANDBOOK OF DIABETES

patients to achieve the most appropriate therapeutic goal desired by the patient
[10] (see Figure 2.4).

Healthy eating and weight control

Recommendations for healthy eating and weight control

« Eat a well-balanced, wide variety of foods

« Eat 2—4 daily servings of fruits

« Eat 3-5 daily servings of vegetables

« Limit salt, alcohol, saturated fats, cholesterol, foods containing sugar
and fast foods

« Eat smaller portions and never skip meals

» Choose whole grain foods whenever possible

o Consult with a diabetes educator and/or registered dietitian for assistance
in preparing an individualized meal plan. Carbohydrate counting, as a
meal-planning alternative, can be discussed at this meeting, if desired.

General goals of medical nutrition therapy (MNT) for diabetes

o MNT should facilitate achievement of metabolic goals including glucose
levels, lipid levels and blood pressure levels that minimizes a patient’s risks
of microvascular and macrovascular complications related to diabetes.

o MNT should be appropriate for optimum management of existing
diabetes complications and risk factors for further complications.

o MNT should facilitate attainment of the maximum level of wellness
for each individual

o MNT should be tailored to meet the personal needs of each patient [13].

Studies suggest that approximately 80% of people with type 2 diabetes are
overweight or obese [14]. Experts agree that people with type 2 diabetes
should be encouraged to achieve and maintain a desirable body weight. A
majority of these experts agree with the following recommendations:

« a body mass index (BMI) of <25 kg/m?%

« carbohydrates as 50-60% of intake;

« protein intake of 11-18% of total calories;

« limiting fat to 25-30% of calorie intake;

« fiber intake of 25-35 g/day;

« use of low glycemic index foods;

« use of whole grains, legumes, vegetables and fruits [15].
Significant research has been done to confirm the correlation between weight
loss and improved insulin sensitivity as well as improved glycemic control
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Data from[3,8,11,12].
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[16]. There are a number of strategies that can be encouraged to improve
overall nutrition, facilitating weight loss. Among those are [17]:

« food logs that include all food intake over specified periods of time;

« nutritional counseling to improve meal planning and food choices as well

as information on portion sizes;

« behavioral counseling to improve stimulus control;

o structured weight loss diets; and

« meal replacements.
In a recent study, significant improvement in A1C of 1.0-1.6 + 0.3-0.4%
related to an approximate 10% weight loss were achieved without use of
antihyperglycemic pharmacologic interventions [18]. One study found that
a maximum reduction in hyperglycemia of approximately 87% occurred
during the first 10 days of a calorie-restricted diet, even though only a small
percentage of weight loss had occurred [19]. The findings of a recent study
by Kelley, et al. indicate that a short period of calorie restriction can result

Fats, oils and sweets

Meat, meat substitutes
and other proteins

Vegetables

Breads, grains and other starches

Reproduced with permission from [21].
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in significant improvements in insulin sensitivity, insulin secretion and
hepatic glucose production, supporting the theory that total daily calories
may exert the greatest impact on glucose homeostasis in patients with type
2 diabetes [20].

Nutrition recommendations should be based on the Food Pyramid (see
Figure 2.5) which allows for variations in the appropriate number of servings
as determined by individual evaluations including nutritional status, likes
and dislikes, and other health issues.

Exercise
A recently released study revealed that the majority of patients with type
2 diabetes do not perform regular exercise or physical activities - in fact,
they engage in physical activity at a rate much below national norms
[22]. A recent meta-analysis of 27 studies to evaluate various types of
exercise including aerobic, resistance, and combined training exercise,
in a total of 1003 patients with type 2 diabetes, determined that all forms
of exercise training produce small benefits in A1C, the main measure of
glucose control. Benefits were similar to those achieved with dietary and
pharmaceutical treatments [23]. Exercise actually includes all physical
activities, even routine work such as mowing the lawn (pushing a mower),
gardening or cleaning the house (see Figure 2.6). The benefits of physical
activity include:

« reduction of blood glucose levels;

« reduction of blood pressure levels;

« reduction of cholesterol levels;

« reduction of cardiovascular risks for heart attack and stroke;

« reduction of stress;

« improved muscle tone, including heart muscle;

« improved bone strength;

« improved flexibility;

« improved blood circulation; and

o weight loss.
A study of Finnish adults with type 2 diabetes demonstrated that both a
moderate as well as a high level of exercise are associated with a decreased
risk of total and cardiovascular mortality. The positive association between
exercise and longevity occurred regardless of BMI, blood pressure readings,
total cholesterol levels and smoking [25]. Exercise recommendations should
include a 5-10 minute warm up and a similar cool down period as well as
a pre-exercise stretching period of 5-10 minutes. Blood glucose should be
checked before exercise.
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Adapted from [24].

In discussions with patients regarding exercise, the following issues

should be considered [26]:

« maintaining proper hydration;

« wearing proper footwear;

« monitoring feet well for blisters and other types of damage;

« diabetes identification should be worn at all times; and

« treatment for hypoglycemia should be carried at all times, preferably glucose

tablets.

For each individual, their exercise program should be well thought-out and
take into account:

« type of exercise;

« intensity;

o duration;

« frequency;

« rate of progression;

» when to check blood glucose;

« how to adjust medications; and

« plan for follow-up.
The healthcare provider should evaluate the patient for any signs and symp-
toms of heart and/or blood vessel disease, eye disease, nervous system disor-
ders, kidney disease and specific foot problems. Special exercise considerations
are required for patients with these particular disorders [27].
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Chapter 3

Non-insulin agents in the management of
type 2 diabetes

Eight different classes of medication, in addition to insulin, are currently
approved for treatment of hyperglycemia in type 2 diabetes. Beneficial effects
of antihyperglycemic agents appear to be mediated predominantly through
their ability to lower blood glucose. Studies are currently in progress to
determine whether any particular agent (or treatment strategy) has specific
advantages, beyond glucose lowering, in terms of reducing cardiovascular
endpoints [1, 2].

Unfortunately, there are few high quality head-to-head comparison trials
evaluating the ability of available non-insulin agents to achieve recommended
glycemic targets. This is important, since the glucose-lowering effectiveness
of individual medications is strongly influenced by baseline characteristics
such as A1C level, duration of diabetes and previous therapy. With these
limitations in mind, the relative glucose-lowering effectiveness of available
agents is outlined in Figure 3.1.

Until recently, there have been no widely accepted treatment guidelines
for which medicines to prescribe and in what sequence. A recent American
Diabetes Association (ADA) and European Association for the Study of

GLP-1, glucagon-like peptide 1. Data from [13, 14, 33].

V.A. Fonseca et al., Diabetes in Clinical Practice, 19
DOI 10.1007/978-1-84882-103-3_3, © Springer-Verlag London Limited 2010
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Diabetes (EASD) consensus statement recommended a treatment algorithm
promoting preferential use of older, less expensive agents including met-
formin, sulfonylureas, and insulin [3]. This reccommendation was consistent
with findings of another recent report that concluded that, compared with
newer agents, sulfonylureas and metformin have similar or superior effects
on glycemic control, lipids, and other intermediate end points [4]. It is too
early to determine what the effect of these guidelines will have on prescribing
practices. Diabetes treatment is extremely complex; decisions are typically
individualized based on multiple factors that may be weighted differently in
the guidelines than in clinical practice. Physicians make treatment decisions
based on their clinical assessments of their patients’ health and comorbid
conditions, adherence, tendency to experience side effects, motivation to
improve and/or avoid insulin and many other factors [5]. Decisions also
may be influenced by formulary restrictions, as well as costs.

In summary, no single treatment strategy has been shown to be supe-
rior for all patients. Decisions about which medication or combination of
medications to use should be made based on their effects on A1C levels,
contraindications, side-effect profiles, patient preferences, and expense.

In this chapter we begin by briefly reviewing glycemic treatment goals and
pathogenesis of hyperglycemia in type 2 diabetes. We then summarize features
of each of the non-insulin therapies and highlight potential advantages and
disadvantages of available treatment options. We conclude with discussions on
how to select an initial therapy and how to optimize combinations of agents.

Treatment goals

The A1C is the primary target for glycemic control. The goal of therapy is to
achieve an A1C as close to normal as possible without unacceptable levels of
hypoglycemia. Postprandial glucose may be targeted if A1C goals are not met
despite reaching preprandial glucose goals. Although an A1C of below 7% is
recommended for most patients, available data do not identify the optimal level
of control for individual patients. Less stringent goals may be appropriate for
patients with limited life expectancies or significant comorbidities. More strin-
gent goals may be indicated for younger, healthier, and/or pregnant patients.

Pathogenesis of hyperglycemia in type 2 diabetes

Type 2 diabetes is a heterogeneous disease manifested by hyperglycemia
that results from multiple dysregulated biologic pathways. Each of these
pathways represents a potential target for therapy (see Figure 3.2). The two
major metabolic abnormalities are: 1) insulin resistance in skeletal muscle,
liver, and adipocytes, and 2) a progressive decline in insulin production by
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GLP-1, glucagon-like peptide 1; 1, increased; ¥, decreased.

pancreatic B-cells [6]. Insulin resistance results from both environmental
factors (predominantly obesity and physical inactivity) and genetic factors
that have yet to be fully identified. Early in the natural history of type 2
diabetes, insulin-resistant individuals who are prediabetic compensate
by secreting increased amounts of insulin. Hyperglycemia results as the
capacity of the pancreas to secrete insulin deteriorates and endogenous
insulin production is insufficient to overcome insulin resistance. Because
B-cell failure is progressive, treatment interventions must be continuously
monitored and advanced. The progressive B-cell deterioration of type 2
diabetes mandates the stepwise addition of non-insulin agents and/or
insulin over time. An agent that could halt the decline in B-cell function,
therefore, would be of tremendous benefit. To date, no agent has been
definitively shown to do this.

There is increasing evidence that the incretin system may also play
a role in glucose homeostasis [7]. The incretin hormone most strongly
implicated is glucagon-like peptide 1 (GLP-1). GLP-1 is a naturally occur-
ring peptide produced by the L-cells of the small intestine. Although
GLP-1 secretion is reduced in patients with type 2 diabetes, its action is
preserved. GLP-1 enhances glucose-dependent insulin secretion, sup-
presses glucagon secretion, slows gastric emptying, and increases satiety.
In normal conditions, GLP-1 is very rapidly cleaved and inactivated by
the enzyme dipeptidyl peptidase IV (DPP-IV), which makes native GLP-1
impractical for use as a diabetes treatment. However, other strategies
to prolong GLP-1 action, including GLP-1 analogs resistant to DPP-IV
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inactivation and inhibitors of DPP-IV (see below), have been developed
as antihyperglycemic agents.

Finally, there is some evidence that amylin, a pancreatic hormone that
is normally co-secreted with insulin, may contribute to glucose homeosta-
sis, particularly in advanced type 2 diabetes [8]. Its secretion appears to be
diminished in advanced type 2 diabetes, but its action is preserved. Amylin
has been found to slow gastric emptying, suppress postprandial glucagon
secretion, and increase satiety.

Non-insulin antihyperglycemic agents

Figures 3.3 and 3.4 outline the mechanism of action, dosing characteristics,
contraindications, side effects, and costs of available non-insulin therapies.
Each class of medications is briefly described below.

ALT, alanine transaminase; CHF, congestive heart failure; CrCl, creatinine clearance; GLP-1,
glucagon-like peptide 1; NYHA, New York Heart Association; ULN, upper limit of normal.
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*On a scale where $ indicates least expensive and $$$ indicates most
expensive. GLP-1, glucagon-like peptide 1.

Biguanides

Metformin, the only biguanide available, works primarily by decreasing
hepatic glucose production. It has been available in other countries since
1957 and in the USA since 1995. It is currently the most widely prescribed
diabetes agent in the USA. Metformin has the advantages of not causing
hypoglycemia and being associated with weight loss. Although it was found
in the United Kingdom Prospective Diabetes Study (UKPDS) to have a
beneficial effect on CVD outcomes [9], this finding needs to be confirmed
before metformin can be recommended for reduction of cardiovascular
risk. The most common adverse effects are gastrointestinal. Lactic acidosis,
a potentially fatal adverse effect, is extremely rare, and is associated almost
exclusively with other risk factors such as renal or hepatic disease.

Sulfonylureas
Sulfonylureas (SUs) initially became available in the 1940s and have remained
a cornerstone of therapy ever since. SUs reduce blood glucose levels by stimu-
lating insulin secretion by the pancreatic $-cells. The combination of their
proven efficacy, low incidence of adverse events, and low cost has contributed
to their success and continued use. First generation SUs (acetohexamide,
chlorpropamide, tolbutamide) should not be used due to increased risk
of hypoglycemia and drug interactions. Second generation SUs (glipizide,
glyburide, and glimiperide) are frequently used as first-line agents. Sustained-
release products offer no advantage over generic, immediate-release SUs, and
may be associated with increased rates of nocturnal hypoglycemia.
Back-to-back comparisons between metformin and SUs reveal similar
AlCreductions [10]. The major adverse side effect of sulfonylureas is hypogly-
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cemia, which appears to occur most frequently in the elderly. Fortunately,
severe episodes tend to be rare. A weight gain of ~2 kg is common with
sulfonylurea therapy, which potentially could have an adverse impact on
CVD risk. However, increased CVD risk with sulfonylureas has not been
established. An early study, The University Group Diabetes Project [11],
suggested increased cardiovascular mortality in patients randomized to SUs
compared to other oral agents or insulin. This finding was not confirmed
in the SU-treated cohort of the more recent UKPDS trial [12].

Glinides

Two agents, repaglinide and nateglinide, are available in the glinide class.
Like SUs, they stimulate insulin secretion by binding to the SU receptor.
They have a more rapid onset and shorter duration of action than the SUs
and are designed to target postprandial hyperglycemia. They should be
taken just prior to meals. Repaglinide is similarly effective at A1C reduc-
tion as metformin and the SUs [13], while nateglinide is less effective [14].
Compared to SUs, the risk for hypoglycemia is similar with repaglinide but
less frequent with nateglinide. Glinides are not commonly used in the USA,
most likely because of their higher cost, more frequent dosing, and reduced
efficacy (nateglinide) compared to SUs.

Thiazolidinediones
Two thiazolidinediones (TZDs or glitazones), rosiglitazone and pioglitazone,
are currently available [15]. They improve glycemia primarily by increasing
insulin-mediated glucose uptake in muscle and adipocytes. To a lesser extent,
they decrease hepatic glucose production. Compared to SUs and metformin,
TZDs are somewhat less effective at lowering blood glucose. Like metformin,
TZDs do not cause hypoglycemia when used as monotherapy. The major side
effects of TZDs are weight gain and fluid retention. The fluid retention typi-
cally manifests as peripheral edema, although new or worsened congestive
heart failure can occur. There has been considerable interest regarding the
effect of TZDs on cardiovascular risk. Some [16], but not all [17], studies have
suggested that rosiglitazone may worsen cardiovascular outcomes. Clinical
trial data suggests that pioglitazone may have cardiovascular benefits [18].
Studies that are currently in progress will further help to determine the effects
of TZDs on CVD risk [1, 2]. Finally, concerns have also been raised that both
rosiglitazone [19] and pioglitazone [20] may increase the risk of fracture, a
complication that is already increased in patients with diabetes [21].
Although glitazones are currently used extensively in the USA, given
increasing concerns regarding cardiac safety and risk of fracture, known
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risks of weight gain and congestive heart failure, and high costs, these agents
probably should be avoided in patients treated with insulin, those with a
history of coronary heart disease, those with congestive heart failure, and
those with an increased risk of fracture.

a-Glucosidase inhibitors

Acarbose and miglitol are the two agents in the a-glucosidase inhibitor (AGI)
class of antihyperglycemic compounds. AGIs reduce the rate of digestion of
polysaccharides in the proximal small intestine. When used before meals,
they delay the absorption of complex carbohydrates and blunt postprandial
hyperglycemia, resulting in modest reductions in A1C. They are not associ-
ated with weight changes or hypoglycemia. AGIs are infrequently used in the
USA. The main limitations to their widespread use are the need for frequent
dosing, poor tolerability due to frequent gastrointestinal side effects, and
only modest antihyperglycemic effects.

GLP-1 analogs

Exenetide is the first member of a new class of agents, the GLP-1 analogs,
which affects the incretin system. Because it resists degradation by DPP-1V,
it has a significantly longer half-life than GLP-1. Exenatide exhibits many of
the same glucoregulatory properties of GLP-1. It enhances glucose-dependent
insulin secretion, suppresses hepatic glucagon secretion, slows gastric emp-
tying and reduces food intake. Intriguing results in animal studies suggest
that exenatide may also preserve (3-cell function.

Although only modest improvements in glycemic control have been
demonstrated with exenatide [22], two features make this agent a potentially
attractive treatment option. It does not cause hypoglycemia and is associated
with about 2-3 kg weight loss. The major limitations to its widespread use are
the relatively high frequency of gastrointestinal side effects and the requirement
for twice-daily injections. Similar new agents in this class, including a prepara-
tion that will require only a single daily (liraglutide, a human GLP-1 analog)
or a single weekly injection (long-acting release exenatide), are currently being
evaluated in clinical trials. Since exenatide only has been available since June
2005, it is too soon to predict its eventual role in clinical practice.

Dipeptidyl peptidase IV inhibitors

The newest class of antihyperglycemic agents to be approved is the DPP-IV
inhibitor. Sitagliptin is the only agent in this classs that is currently approved
in the USA. Another agent, vildagliptin, is undergoing Food and Drug
Administration (FDA) review. By inhibiting the enzyme DPP-IV, the enzyme
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that normally inactivates GLP-1, these agents prolong the glucoregulatory
actions of GLP-1 [23]. DPP-1V inhibitors modestly reduce A1C levels, are
generally very well tolerated, are not associated with hypoglycemia, and are
weight neutral [22]. Despite these attractive properties, which have been
demonstrated in short-term studies, the long-term effects of these agents
remain unknown. DPP-IV is present in other multiple biological systems,
including ones involved in immunity and other hormones. This raises the
theoretical risk that inhibition of DPP-IV may adversely affect functioning
of other systems.

Amylin mimetics

Pramlintide is a synthetic analog of amylin, a hormone that is synthesized
by pancreatic B-cells and co-secreted with insulin in response to a meal.
Treatment, which requires injections before each meal, is associated with
mild reductions in A1C and weight loss [24]. Nausea is a common side effect.
These agents are rarely used to treat hyperglycemia in type 2 diabetes.

Selection of initial antihyperglycemic agents

Choice of initial therapy is complex and depends on multiple factors includ-
ing the patient’s initial A1C, the agent’s effect on glucose-lowering, cost, side
effects, contraindications, dosing frequency, and acceptability to patients.
Initial treatment for most patients is a single oral agent, although insulin
may be preferred if the patient has very high initial blood glucose levels, is
underweight, losing weight, or is ketotic (see Figure 3.5). Metformin, SUs,
and TZDs are the most commonly used first-line agents, although the role
for TZDs may change given increasing safety concerns. From a practical
standpoint, glinides, AGIs, pramlintide, exenetide and gliptins are seldom
used as first-line agents due low glucose-lowering potential, poor patient
tolerability, and/or the need for injection.

There is an emerging consensus that, as long as there are no contraindica-
tions, metformin should be initiated, concurrent with lifestyle intervention, at
the time of diabetes diagnosis. This opinion was recently published as a joint
consensus guideline of the ADA and the EASD [3]. The recommendation is
based on the fact that patient adherence with diet, weight reduction, and regular
exercise is not sustained in most patients, and most patients will ultimately
require treatment. Early institution of treatment for diabetes, at a time when the
A1C s not significantly elevated, has been associated with improved glycemic
control over time and decreased long-term complications [25]. Since metformin
is usually well-tolerated, does not cause hypoglycemia, has favorable effects on
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Figure 3.5 Potential treatment algorithm for patients with diabetes

Therapy Advantages Disadvantages
Initial therapy
Recommended
Decrease body weight and increase  Improves CVD risk Difficultto achieve and
physical activity factors maintain
AND
Metformin No hypoglycemia Gl side effects
(Choose if no contraindications) Weight loss/neutral
Inexpensive

Alternative to metformin

Insulin Most effective Injections
(Choose if very hyperglycemic, Relatively inexpensive  Monitoring
ketotic, thin and/or losing weight) Hypoglycemia

Weight gain
OR

Seerecommended second agents

Second agent (in addition to intial therapy)

Recommended

Sulfonylurea Inexpensive Hypoglycemia
Weight gain

OR

GLP-1 analog No hypoglycemia Injections

Weight loss Gl side effects

Expensive

OR

Gliptin No hypoglycemia Limited long- term data
Expensive

OR

Thiazolidinedione No hypoglycemia Weight gain
CHF

Increased fracture risk
Possible increased CVD risk
Expensive

Alternative

Insulin See above See above
(Choose if very hyperglycemic,

ketotic, thin and/or losing weight)

Third agent (in addition to above)

Recommended

Insulin See above See above
Alternative

Choose additional recommended See above See above

second agent

CHF, congestive heart failure; CVD, cardiovascular disease; Gl, gastrointestinal; GLP-1
glucagon-like peptide 1.
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body weight, and is relatively inexpensive, potential benefits of early initiation
of medication appear to outweigh potential risks.

Combination therapy

Even if oral agent monotherapy is initially effective, glycemic control is
likely to deteriorate over time due to progressive loss of B-cell function in
type 2 diabetes. Although metformin is generally recommended as first-line
therapy, there is no consensus as to what the second-line agent should be.
Numerous two-drug combinations have been studied and have been found
to be effective [10, 26-28]. Selection of a second agent, from a different
class to the first agent, should be made based on potential advantages and
disadvantages. If patients progress to the point where dual therapy does not
provide adequate control, either a third non-insulin agent or insulin can be
added. In patients with modestly elevated A1C level (below ~8%), addition
of a third non-insulin agent may be equally effective as addition of insulin
[26, 29, 30]. In this situation, addition of a non-insulin agent may have
the advantage of being associated with less weight gain than insulin. For
example, exenatide may cause weight loss when used in addition to other
oral agents [30]. On the other hand, addition of a third non-insulin agent
is likely to be more expensive than addition of insulin [31]. Patients with
significantly elevated A1C levels on two non-insulin agents usually should
have insulin added to their regimens. A potential treatment algorithm is
outlined in Figure 3.5.

Conclusions

Over the past decade there have been enormous advances in the under-
standing of type 2 diabetes and its complications. Although multiple new
antihyperglycemic medications have become available, changes frequently
are not initiated soon enough, resulting in chronic, poor glycemic control
[32]. In order for diabetic patients to achieve glucose goals, treatment must
be promptly initiated, carefully monitored and rapidly advanced. If patients
are not achieving goals with non-insulin therapy, insulin treatment should
be initiated.
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Chapter 4

Insulin in the management of type 2
diabetes

Insulin is the most the effective available medication for treating hyper-
glycemia in type 2 diabetes. If used appropriately, it can decrease any level
of elevated A1C to, or close to, the desired goal. This chapter begins with a
presentation of indications for insulin therapy in type 2 diabetes. Normal
physiological insulin patterns will be reviewed, highlighting how awareness
of these patterns can guide the development of insulin treatment regimens.
The next section will provide an overview of the characteristics of available
insulin preparations. The chapter will end with a discussion of potential
strategies for initiating and advancing insulin therapy.

Indications

Whereas insulin therapy is required in all patients with type 1 diabetes,
the decision of how and when to start insulin in type 2 diabetes is not as
straightforward. Insulin usually should be started immediately in patients
with marked weight loss, severe hyperglycemia, or ketosis. In the absence
of these features, insulin should be added when glycemic goals are not met
with one or more non-insulin agents, or when glycemic goals are unlikely to
be achieved with non-insulin therapy [1]. After the glucose is controlled and
symptoms are relieved, it may be possible to withdraw the insulin at a later
time. Early treatment with insulin may potentially lead to diabetes remissions
lasting several years, during which A1C is normal without the need for any
medication [2, 3]. It is important to note that, when it is indicated, initiation of
insulin therapy should not be delayed. This unnecessarily exposes the patient
to the adverse physiological consequences of prolonged hyperglycemia.

Insulin secretion in individuals without diabetes
When considering insulin therapy, it is helpful to keep normal insulin patterns
in mind. Euglycemia can best be achieved, and hypoglycemia minimized, by
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using insulin regimens that supplement insulin in as physiological a way as
possible. In patients with normal glucose tolerance, insulin secretion is tightly
regulated by the prevailing glucose level (see Figure 4.1). Basal insulin, which
is secreted even in the absence of nutritional intake, suppresses hepatic glucose
production and maintains normoglycemia in the fasting state. In response to a
meal, insulin levels rise and fall precisely to the degree needed to maintain the
plasma glucose in a very narrow range (~80-140 mg/dL; 4.5-7.8 mmol/L).

Both basal and nutritional insulin requirements vary considerably through-
out the day, as well as from day to day. Nutritional insulin requirements
vary primarily depending on the quantity, composition, and timing of food.
Basal requirements tend to decrease with exercise and increase with stress
or illness. Basal insulin requirements also may increase as the result of the
“dawn phenomenon”, which has been attributed to morning rises in growth
hormone and cortisol levels.

Types of insulin

The approximate time of onset, peak activity, and duration of action of the avail-
able insulin preparations is shown in Figures 4.2 and 4.3. Insulin preparations vary
with respect to onset and duration of action, which differ due to modifications
to human regular insulin that either slow or hasten the time for it to be absorbed
into the bloodstream. Relative to human regular insulin, the rapid-acting analogs
(insulin lispro, insulin aspart, and insulin glulisine) have a more rapid onset of
action, higher peak serum concentration, and shorter duration of action. Inhaled
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NPH, neutral protamine Hagedorn

human insulin is similar to the rapid-acting analogs in terms of its onset and
peak effect. However, its effective duration is slightly longer than the analogs, and
comparable to regular insulin. The two basal insulin analogs (insulin glargine
and insulin detemir), have a longer duration of action, relative to human basal
insulin (neutral protamine Hagedorn or NPH). Premix insulins, which contain
fixed amounts of intermediate-acting insulin and short- or rapid-acting insulin,
are also available. These mixtures have dual action profiles, consistent with those
of the individual components. For example 100 units of 70/30 human insulin
have the same effect as 70 units NPH and 30 units regular insulin.

It is important to emphasize that the characteristics outlined in Figure
4.3 are only approximations. The usually quoted data regarding time of onset
and duration of action have not been determined in a standardized fashion.
Subcutaneous insulin absorption can be affected by multiple factors including
the size of the subcutaneous depot, injection technique, the site of injection, and
blood flow. Inhaled insulin has variable absorption characteristics in smokers
and in patients with underlying lung disease [4]. In addition, conditions such
as impaired renal function can increase the effective duration of action of
the administered insulin. Due to these multiple factors, insulin profiles vary
significantly from patient to patient. For example, a single daily dose of NPH
may be sufficient to last an entire day for one patient, while other patients
may require additional injections. Furthermore, variable absorption in the
same patient, from day to day, may lead to fluctuations in glycemic control.
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Figure 4.3 Approximate duration of action of insulin preparations

Insulin Onset of action Peakaction Effective duration
Rapid-acting

Insulin aspart 5-15min 30-90 min <5h
Insulin lispro 5-15min 30-90 min <5h
Insulin glulisine 5-15min 30-90 min <5h
Insulin inhalation powder 5-15min 30-90 min 5-8h
Short-acting

Regularinsulin 30-60 min 2-3h 5-8h
Intermediate-acting

NPH insulin 2-4h 4-10h 10-16h
Long-acting

Insulin glargine 2-4h None 20-24h
Insulin detemir 3-8h None 6-23h

NPH, neutral protamine Hagedorn. Adapted from reference [5].

Although it has been proposed that pharmacokinetic properties of insulin
analogs may translate into improved clinical efficacy, this has not been con-
vincingly demonstrated in clinical trials, especially for type 2 diabetes. Recent
meta-analyses of published clinical trials suggest that, compared with human
regular insulin, the rapid-acting analogs provide only a small advantage in
terms of A1C reductions, and no advantage for hypoglycemia [6-8]. Compared
with human NPH insulin, basal analogs (glargine and detemir) have no
advantage for A1C and only minor reductions in nocturnal hypoglycemia
[8,9]. Detemir insulin has been shown to cause less weight gain than NPH
in clinical trials. The mechanism underlying this effect is unclear.

Adverse effects

The two primary adverse effects of insulin therapy in type 2 diabetes are
weight gain, which is common, and hypoglycemia, which is uncommon.
Insulin is generally associated with a weight gain of about 2-4 kg, which
conceivably could have an adverse effect on cardiovascular risk. Insulin
detemir has been associated with less or absent weight gain [10-12], and
ongoing studies are being done to confirm these observations and to evaluate
potential mechanisms. Insulin therapy also is associated with hypoglycemia,
although much less frequently than in type 1 diabetes. The frequency of
severe hypoglycemia (defined as requiring help from another person to treat)
in type 2 diabetes is about the same as in patients treated with SUs (i.e. 0.1
and 0.2 episodes per subject-year) [13].
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In contrast to injected insulin, which has essentially no contraindications,
multiple safety considerations regarding inhaled insulin have been raised [4].
These include concerns about pulmonary toxicity and an increased risk of
hypoglycemia, compared to injected insulin. Inhaled insulin is not recom-
mended for children, pregnant women, patients who have smoked within the
past 6 months, and those who have pulmonary disease. Pulmonary testing
is required at baseline and after 6 months of treatment. Inhaled insulin was
briefly, but is not currently, available in the USA.

General principles of insulin regimens

Initial insulin regimens for patients with type 2 diabetes usually differ con-
siderably from those recommended for type 2 diabetes. Since patients with
type 1 diabetes make little or no insulin, treatment is initiated with a goal
of mimicking physiological insulin patterns as closely as possible. Effective
regimens in type 1 diabetes usually consist of at least one daily injection of
basal insulin, in addition to injections of rapid-acting insulin given before
each meal. In contrast, since patients with type 2 diabetes usually secrete
some endogenous insulin, they frequently can be controlled with only a
single injection a day. In later stages of type 2 diabetes, patients may make
very little insulin, and thus may require multiple daily injections, similar to
the regimens used for type 1 diabetes.

Insulin regimens

The most widely recommended strategy for initiating insulin in type 2
diabetes is to add a single daily injection of basal insulin (NPH, insulin
glargine, insulin detemir) to the patient’s oral medications. This regimen
has been found to be effective in numerous studies [8, 9, 14-22] and
controls hyperglycemia in up to 60% of patients [16]. Despite a prevail-
ing misconception that NPH must be given twice a day, it has long been
recognized that a single injection of NPH insulin at bedtime yields similar
improvements in control as addition of two or more daily injections of
insulin [23]. Other possibilities for initial insulin therapy include adding
a single injection of glargine [14] or detemir [11] in the morning, or
pre-mix insulin at suppertime [24]. Although pre-mix insulin given twice
aday [15,21], or even three times a day [25, 26] has also had good results,
these strategies do not appear to be superior to a single injection, and
may be less acceptable to patients. If the fasting glucose level is within
the target range, but the A1C level remains above goal, additional insulin
injections can be added. These are usually given as pre-meal boluses of
rapid-acting insulin.
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Key factor contributing to the success of the regimen

This is probably not how the insulin is given, but rather, whether enough
insulin is given. For a regimen to be effective, the insulin dose must be
increased frequently until targets are achieved.

Relatively large doses of insulin (>1 unit/kg) typically are necessary to
overcome the insulin resistance of type 2 diabetes and lower A1C to target
levels. Multiple protocols for initiating and increasing insulin have been
found to be effective [16, 27]. Furthermore, having patients self-titrate their
own doses, according to protocol, appears to be similarly effective as having
the insulin adjusted by a healthcare provider [27, 28]. The protocol used
in the Treat-To-Target Study [16], which is outlined in Figure 4.4, has been
widely recommended.

Combination with non-insulin antihyperglycemic agents

Since insulin is usually not a first-line agent in type 2 diabetes, most patients
considered for insulin therapy are already taking one or more non-insulin
(usually oral) agents. For the majority of patients, insulin does not replace
the oral agents; it is typically added to the current regimen. Many effective
combinations of insulin and oral agents have been reported [11, 14-17,
19, 22, 24, 29, 30]. When insulin is added to a regimen, continued insulin
secretagogue (e.g. SU) treatment provides minimal advantage [19] and
probably should be discontinued. The insulin sensitizers, metformin and
TZDs, both have been found to be effective in combination with insulin
[18, 19, 31]. However, thiazolidinediones should be continued with caution,
since combination with insulin may worsen the risk of fluid retention and
heart failure.

Figure 4.4 Insulin initiation and titration algorithm

Start with 10 1U/day bedtime basalinsulin* and adjust weekly
Mean of self-monitored FPG values from preceding 2 days Increase of insulin dosage (1U/day)

2180 mg/dL (10 mmol/L) 8
140-180 mg/dL(7.8-10.0 mmol/L) 6
120-140 mg/dL(6.7-7.8 mmol/L) 4
100-120 mg/dL(5.6-6.7 mmol/L) 2

*NPH orinsulin glargine.
FBG, fasting plasma glucose; NPH, neutral protamine Hagedorn. Adapted from [16].
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Figure 4.5 Insulin prefilled delivery device
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Glucose monitoring

Patient self-monitoring of blood glucose should be individualized, based on
the insulin regimen and the patient’s symptoms. If a patient is taking only a
single bedtime injection of NPH or glargine and does not have symptoms
of hypoglycemia, glucose testing once a day in the morning may be suf-
ficient. Patients on multiple daily insulin administrations should test more
frequently.

Improving patient adherence

Adherence may be improved if insulin is prescribed in a positive fashion,
rather than threatening patients with insulin as a punishment. Patients
should be made aware that initiating insulin does not represent a personal
failure and that most patients with type 2 diabetes eventually require this
treatment due to a decline in endogenous insulin production. Patient
preconceptions about use of insulin also need to be addressed [32]. For
example, patients frequently believe that once they start on insulin, they
will never be able to stop it. They should be reassured it will be possible to
withdraw insulin at a later time, particularly if they are able to lose weight
and become more physically active. Finally, patients should be educated
about the existence of multiple different pre-filled insulin delivery devices
(insulin pens), which have been associated with improved satisfaction [33]
(see Figure 4.5).
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BG, blood glucose; FBG, fasting blood glucose; NPH, neutral protamine Hagedorn.

Conclusion

Many, if not most, patients with type 2 diabetes will eventually require insulin
to achieve their glycemic goals. Insulin should be offered to patients as a
safe and effective treatment option, not as a punishment. There are multiple
ways to give insulin, and the regimen selected probably is not as important
as how much insulin is given. Insulin doses must be adjusted frequently until
the patient achieves the desired target. One possible strategy for initiating
and adjusting insulin is outlined in Figure 4.6. Treatment is initiated with
a single bedtime injection of basal insulin and the dose is titrated until the
fasting glucose is normal. If the fasting glucose normalizes but the A1C
remains elevated, additional injections, typically given as pre-meal doses of
rapid-acting insulin, may be required. Patients with long-standing diabetes,
particularly those who are non-obese, frequently may require multiple daily
insulin injections, similar to the regimens used for type 1 diabetes.
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Chapter 5

Complications of diabetes

Microvascular complications

Microvascular complications are specific for diabetes and are almost cer-
tainly related to hyperglycemia (see Figure 5.1). Hyperglycemia leads to
multiple biochemical changes, some of which are listed in Figure 5.2, that
cause tissue damage [1, 2]. These lead to changes in various organs as
summarized in Figure 5.1. Most of these changes can be prevented by good
glycemic control which prevents the development of the complications and
slows their progression [3].

Eye: Diabetic retinopathy is a specific abnormality: cataract and glaucoma
are common.

Figure 5.1 Bology ofmicrovascularcomplcatons ofdiabetes
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Kidney: Diabetic nephropathy going through various stages of microalbu-
minuria to overt proteinuria and kidney failure are specific to diabetes, but
other conditions, such as urinary tract infections, may be more common in
patients with uncontrolled diabetes.

Nerves: Diabetic neuropathy is specific for diabetes and frequently leads to
both peripheral and autonomic neuropathy, and ultimately amputation.

Macrovascular complications

These involve several organs, but predominantly the heart, where coronary
artery disease is very common and is associated with decreased morbidity
and mortality. Diabetes has been called a cardiovascular risk equivalent
due to increased risk of heart disease, even in patients without known prior
cardiovascular disease. In addition, congestive heart failure is much more
common in patients with diabetes and of greater severity.

Brain: Several vascular diseases, including transient ischemic attack, stroke,
and cognitive impairment, have also been described with greater frequency
in patients with diabetes.

Extremities: Peripheral vascular disease is also of increased severity, leading
to a higher rate of ulceration, gangrene, and amputation.

Role of insulin resistance in the pathogenesis of atherosclerosis
Visceral obesity leads to insulin resistance and increase in free fatty acids. This
progresses on to the development of not only diabetes, but other associated
factors, including dyslipidemia (low HDL cholesterol, elevated triglycerides,
and an increase in small density LDL particles), hypertension, impaired clot
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breakdown (manifested as an elevation in plasminogen activator inhibitor-1
[PAI-1]), enhanced platelet aggregation, endothelial dysfunction, inflam-
mation, and microalbuminuria (see Figure 5.3) [4].

Impact of tight metabolic control on complications
Figure 5.4 summarizes the major clinical trials [6, 8, 9] that have demonstrated
that improving control reduces microvascular complications.

Treatment goals to prevent diabetes complications

Figure 5.5 summarizes the risk reduction of various treatments for
blood pressure, lipids, and glucose on microvascular and macrovascular
events.

CRP, C reactive protein; HDL, high-density lipoprotein; LDL, low-density lipoprotein; MMP-9,
matrix metalloproteinase 9; PAI-1, plasminogen activator inhibitor-1.

DCCT, Diabetes Control and Complications Trial; UKPDS, UK Prospective Diabetes Study.
Data from [5-7].
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*Per 1% A1C reduction.

In this chapter we discuss strategies to detect complications early and
treat them or their symptoms early in order to slow their progression and/
or improve the quality of life of the patient. Most of these recommenda-
tions are consistent with the standards of care of the American Diabetes
Association and other organizations and most are based on evidence from
clinical trials [10].

Prevention and management of specific diabetes
complications

Nephropathy screening and treatment

Diabetic nephropathy occurs in almost 40% of patients with diabetes and
is the single leading cause of end-stage renal disease (ESRD). Persistent
albuminuria in the range of 30-299 mg/24 h (microalbuminuria) has
been shown to be the earliest stage of diabetic nephropathy in type 1
diabetes and a marker for development of nephropathy in type 2 diabetes.
Microalbuminuria is also a well-established marker of increased CVD risk
[11, 12]. Patients with microalbuminuria who progress to macroalbuminu-
ria (>300 mg/24 h) are likely to progress to ESRD. Several interventions
have been demonstrated to reduce the risk and slow the progression of
renal disease.

Intensive diabetes and blood pressure management has been shown inlarge
prospective randomized studies to delay the onset of microalbuminuria and
the progression of micro- to macroalbuminuria in patients with
type 1 and type 2 diabetes. In addition, angiotensin-converting
enzyme (ACE) inhibitors have been shown to reduce severe CVD
(i.e. myocardial infarction, stroke, death), thus further supporting
the use of these agents in patients with microalbuminuria. Angiotensin
receptor blockers (ARBs) have also been shown to reduce the rate of pro-
gression from micro- to macroalbuminuria as well as ESRD in patients with
type 2 diabetes [13].
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Key points: diabetic nephropathy

« Optimize glucose control

» Optimize blood pressure control

o Limit protein intake to the reccommended daily allowance (0.8 g/kg) in
those with chronic kidney disease

o Test for microalbuminuria annually in type 1 diabetes of =5 years
duration and in all type 2 patients, starting at diagnosis

o Measure serum creatinine at least annually and estimate glomerular
filtration rate (GFR) in all adults with diabetes and stage the level of
CKD (see Figure 5.6)

o Treat micro- and macroalbuminuria with either ACE inhibitors or
ARBs (except during pregnancy)

In patients with type 1 diabetes, with hypertension and any degree of albuminu-
ria, ACE inhibitors have been shown to delay the progression of nephropathy.
In patients with type 2 diabetes, hypertension, and microalbuminuria, ACE
inhibitors and ARBs have been shown to delay the progression to macroalbu-
minuria. In patients with type 2 diabetes, hypertension, macroalbuminuria,
and renal insufficiency (serum creatinine >1.5 mg/dL, 130 wmol/L), ARBs have
been shown to delay the progression of nephropathy. Although ACE inhibitors
have not been shown to have this effect (and do not have FDA approval for this
indication) their mechanism of action suggests that such an improvement in
outcome is likely. In patients unable to tolerate ACE inhibitors and/or ARBs, the
use of any antihypertensive agent is appropriate, such as non-dihydropyridine
calcium-channel blockers, and beta-blockers, or diuretics for the management
of blood pressure. Monitoring of serum potassium levels, for the development
of hyperkalemia, and microalbuminuria/proteinuria to assess both response

to therapy and progression of disease, are recommended.

GFR, glomerular filtration rate.
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Screening for microalbuminuria is best performed by measurement
of the albumin-to-creatinine ratio in a random spot collection (see Figure
5.7).

Serum creatinine should be measured at least annually for the estimation
of GFR in all adults with diabetes regardless of the degree of urine albumin
excretion. Serum creatinine alone should be used to estimate GFR and stage
the level of CKD (see Figure 5.6). The GFR can be easily estimated using
a formula such as the Cockroft-Gault formula or a formula developed by
Levy etal. [14] using data collected from the Modification of Diet and Renal
Disease study. The estimated GFR can easily be calculated by using tools
such as the calculator at www.kidney.org/professionals/kdoqi/gfr_calculator.
cfm.

Exercise within 24 h, infection, fever, congestive heart failure (CHF),
marked hyperglycemia, and hypertension are frequent confounders in
screening.

Retinopathy screening and treatment

Diabetic retinopathy is estimated to be the most frequent cause of new
cases of blindness among adults aged 20-74 years. Glaucoma, cataracts,
and other disorders of the eye also occur earlier and more frequently in
people with diabetes.

Intensive diabetes management with the goal of achieving near nor-
moglycemia prevents/delays the onset of diabetic retinopathy [3, 8, 15]. In
addition to glycemic control, several other factors seem to increase the risk
of retinopathy. High blood pressure is a risk factor for the development of
macular edema and is associated with the presence of proliferative diabetic
retinopathy (PDR). Studies have shown a reduction in the risk of retinopathy
with good blood pressure control.

Examinations also can be done using retinal photographs (with or
without dilation of the pupil) and having these read by experienced experts
in this field. In older-onset patients with severe non-proliferative diabetic
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retinopathy (NPDR) or less-than-high-risk PDR, the risk of severe visual
loss and vitrectomy is reduced by laser photocoagulation.

Key points in reducing the progression of retinopathy
« Optimal glucose and blood pressure control can substantially reduce
the risk and progression of diabetic retinopathy.

Adults and adolescents with type 1 diabetes: comprehensive eye exami-
nation by an ophthalmologist or optometrist within 3-5 years after
the onset of diabetes.

Type 2 diabetes: comprehensive eye examination by an ophthalmolo-
gist or optometrist shortly after the diagnosis of diabetes.

Subsequent examinations should be repeated annually by an ophthal-
mologist or optometrist.
Pregnancy: women who are planning pregnancy or who have become

pregnant should have a comprehensive eye examination and should
be counseled on the risk of development and/or progression of
diabetic retinopathy. Eye examination should occur in the first
trimester with close follow-up throughout pregnancy and for 1 year
postpartum.

Laser therapy can reduce the risk of vision loss in patients with high-

risk characteristics.

Laser photocoagulation surgery is beneficial in reducing the risk of further
visual loss, but generally not beneficial in reversing already diminished
acuity.

Diabetic neuropathy

The term diabetic neuropathy encompasses a wide range of conditions with
diverse clinical manifestations (see Figures 5.8 and 5.9). The most common
clinical presentation is with chronic sensorimotor DPN and autonomic
neuropathy. Although DPN is a diagnosis of exclusion, complex investiga-
tions to exclude other conditions are rarely needed.

Patients with diabetes should be screened annually for DPN using tests
such as pinprick sensation, temperature and vibration perception (using a
128 Hz tuning fork), 10 g monofilament pressure sensation at the dorsal
surface of both great toes, just proximal to the nail bed, and ankle reflexes
(see Figure 5.10). Combinations of more than one test have >87% sensitivity
in detecting DPN. Loss of 10 g monofilament perception and reduced vibra-
tion perception predict foot ulcers. A minimum of one clinical test should
be carried out annually.



48 « HANDBOOK OF DIABETES

DAG, diacyclglycerol; LDL, low-density lipoprotein; NCV, nerve conduction
velocity; PKC, protein kinase C.

Key points: distal symmetric polyneuropathy

o All patients should be screened for distal symmetric polyneuropathy
(DPN) at diagnosis and at least annually thereafter, using simple clini-
cal tests. Electrophysiological testing is rarely ever needed.

« Once the diagnosis of DPN is established, special foot care is appropri-
ate for insensate feet to decrease the risk of amputation.

« Simple inspection of insensate feet should be performed at 3- to
6-month intervals. An abnormality should trigger referral for special
footwear, preventive specialist, or podiatric care.

o Education of patients about self-care of the feet and referral for special
shoes/inserts are vital components of patient management.

o Medications for the relief of specific symptoms related to autonomic
neuropathy are recommended.
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Diabetic autonomic neuropathy

The symptoms of autonomic dysfunction should be elicited carefully during
the history and review of systems, particularly since many of these symptoms
are potentially treatable. Major clinical manifestations of diabetic autonomic
neuropathy include resting tachycardia, exercise intolerance, orthostatic
hypotension, constipation, gastroparesis, erectile dysfunction, sudomo-
tor dysfunction, impaired neurovascular function, “brittle diabetes,” and
hypoglycemic autonomic failure.

GI disturbances (e.g. gastroparesis, constipation/diarrhea, fecal incon-
tinence) are common, and any section of the GI tract may be affected.
Gastroparesis should be suspected in individuals with erratic glucose control.
Investigative test results often correlate poorly with symptoms.

Symptomatic treatments

The first step in management of patients with DPN should be to aim for
stable and optimal glycemic control. Although controlled trial evidence is
lacking, several observational studies suggest that neuropathic symptoms
improve not only with optimization of control but also with the avoidance
of extreme blood glucose fluctuations. Most patients will require pharma-
cological treatment for painful symptoms (see Figure 5.11).

Tricyclic drugs
The usefulness of the tricyclic drugs such as amitriptyline and imipramine
hasbeen confirmed in several randomized controlled trials [16-18], although
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they do not have formal FDA approval for this condition. Although cheap
and generally efficacious in the management of neuropathic pain, side effects
limit their use in many patients. Tricylcic drugs may also exacerbate some
autonomic symptoms such as gastroparesis.

Anticonvulsants

Gabapentin is a commonly prescribed anticonvulsant that has been shown
to be efficacious in the treatment of neuropathic pain [19], although not
approved for this condition. It is advisable to start at a small dose and then
increase over days to weeks to the dosage that is well tolerated and produces
symptomatic relief. The structurally-related compound pregabalin is longer
acting, has also been confirmed to be useful in painful diabetic neuropathy,
and is approved for use in this condition [20, 21]. Other anticonvulsant drugs
may also be efficacious in the management of neuropathic pain.

Other agents
The 5-hydroxytryptamine and norepinephrine reuptake inhibitor duloxetine
has been approved by the FDA for treatment of neuropathic pain [22].

foot care

Amputation and foot ulceration are the most common consequences of
diabetic neuropathy and major causes of morbidity and disability in people
with diabetes. Early recognition and management of independent risk factors
can prevent or delay adverse outcomes.

Key points in diabetic foot care

o Perform a comprehensive foot examination and provide foot self care
education annually

o The foot examination should include the use of a monofilament tuning
fork, palpation, and a visual examination.

o A multidisciplinary approach is recommended for individuals with
foot ulcers and high-risk feet, especially those with a history of prior
ulcer or amputation

o Initial screening for peripheral arterial disease (PAD) should include a
history for claudication and an assessment of the pedal pulses. Consider
obtaining an ankle-brachial index (ABI), as many patients with PAD are
asymptomatic.

Conditions associated with an increased risk of amputation are listed in
Figure 5.12.
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People with neuropathy should have a visual inspection of their feet at
every visit with a healthcare professional. Evaluation of neurological status
in the low-risk foot should include a quantitative somatosensory threshold
test, using the Semmes-Weinstein 5.07 (10 g) monofilament.

People with neuropathy or evidence of increased plantar pressure may
be adequately managed with well-fitted walking shoes or athletic shoes.
Patients should be educated on the implications of sensory loss. People
with evidence of increased plantar pressure (e.g. erythema, warmth, callus,
or measured pressure) should use footwear that cushions and redistributes
the pressure. Callus can be debrided with a scalpel by a foot care specialist
or other health professional with experience and training in foot care. People
with bony deformities (e.g. hammer toes, prominent metatarsal heads, or
bunions) may need extra-wide shoes or depth shoes. People with extreme
bony deformities (e.g. Charcot foot) that cannot be accommodated with
commercial therapeutic footwear may need custom-molded shoes.

Initial screening for PAD should include a history for claudication and
an assessment of the pedal pulses. Consider measuring the ankle-brachial
pressure index (ABI), as many patients with PAD are asymptomatic. Refer
patients with significant or a positive ABI for an arterial Doppler study.

Cardiovascular disease
CVD is the major cause of mortality for individuals with diabetes. It is also
a major contributor to morbidity and direct and indirect costs of diabetes.
Type 2 diabetes is an independent risk factor for macrovascular disease,
and its common coexisting conditions (i.e. hypertension and dyslipidemia)
are also risk factors.

Studies have shown the efficacy of reducing cardiovascular risk factors
in preventing or slowing CVD. The America Diabetes Association/American
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College of Cardiology have emphazised the need of controlling the ABCs of
diabetes: A1C and aspirin, blood pressure and cholesterol [23].

Hypertension/blood pressure control

Hypertension is a common comorbidity found in the majority of patients
with diabetes, particularly those with type 2. Additional risk factors
include age, obesity, and ethnicity. Hypertension is a major risk factor
for CVD and microvascular complications such as retinopathy and
nephropathy.

Key recommendations: monitoring and preventing hypertension

« Blood pressure should be measured at every routine diabetes visit.

« Patients with diabetes should be treated to a systolic blood pressure
<130 mmHg and a diastolic blood pressure <80 mmHg. Multiple drug
therapy is generally required to achieve blood pressure targets.

Initial drug therapy for raised blood pressure should be with a drug
class demonstrated to reduce CVD events in patients with diabetes
(ACE inhibitors, ARBs, beta-blockers, diuretics, and calcium-channel
blockers).

o All patients with diabetes and hypertension should be treated with a
regimen that includes either an ACE inhibitor or an ARB.

In patients with type 1 diabetes, with hypertension and any degree of
albuminuria, ACE inhibitors have been shown to delay the progression
of nephropathy.

In patients with type 2 diabetes and microalbuminuria, ACE
inhibitors and ARBs have been shown to delay the progression to
macroalbuminuria.

« In patients with type 2 diabetes and renal insufficiency, ARBs have
been shown to delay the progression of nephropathy.

Lowering of blood pressure with regimens based on antihypertensive drugs,
including ACE inhibitors, ARBs, beta-blockers, diuretics, and calcium-
channel blockers, has been shown to be effective in lowering cardiovascular
events. Several studies suggest that ACE inhibitors may be superior to dihy-
dropyridine calcium channel blockers (DCCBs) in reducing cardiovascular
events. Additionally, in people with diabetic nephropathy it has been indi-
cated that ARBs may be superior to DCCBs for reducing heart failure but
not overall cardiovascular events.

ACE inhibitors have been shown to improve cardiovascular outcomes
in patients at high risk for CVD with or without hypertension. In patients
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with CHE, the addition of ARBs to either ACE inhibitors or other thera-
pies reduces the risk of cardiovascular death or hospitalization for heart
failure. However, the Antihypertensive and Lipid-Lowering Treatment to
Prevent Heart Attack Trial (ALLHAT), a large randomized trial of dif-
ferent initial blood pressure pharmacological therapies, found no large
differences between initial therapy with a chlorthalidone, amlodipine and
lisinopril [24].

During pregnancy, treatment with ACE inhibitors and ARBs is contrain-
dicated since they are likely to cause fetal damage. Antihypertensive drugs
known to be effective and safe in pregnancy include methyldopa, labetalol,
diltiazem, clonidine, and prazosin. Chronic diuretic use during pregnancy
has been associated with restricted maternal plasma volume, which might
reduce uteroplacental perfusion.

Lipids

Key points in monitoring lipid levels

o In adults, test for lipid disorders at least annually and more often if
needed to achieve goals. Lifestyle modification including reduction
of saturated fat and cholesterol intake, weight loss (if indicated), and
increased physical activity improve the lipid profile.

In individuals without overt CVD, the primary goal is an LDL <100 mg/
dL (2.6 mmol/L). In those with overt CVD, the goal is <70 mg/dL
(1.8 mmol/L).

For those over the age of 40 years, statin therapy to achieve an LDL reduc-
tion of 30-40% regardless of baseline LDL levels is recommended.
Lower triglycerides to <150 mg/dL (1.7 mmol/L) and raise HDL cho-
lesterol to >40 mg/dL (1.1 mmol/L). In women, an HDL goal 10 mg/
dL (0.25 mmol/L) higher (>50 mg/dL (1.30 mmol/dL)) should be
considered.

Combination therapy using statins and other lipid-lowering agents
may be necessary to achieve lipid targets but has not been evaluated
in outcomes studies for either CVD event reduction or safety.

Patients with type 2 diabetes have an increased prevalence oflipid abnormali-
ties that contributes to higher rates of CVD. Lipid management aimed at
lowering LDL cholesterol, raising HDL cholesterol, and lowering triglycerides
has been shown to reduce macrovascular disease and mortality in patients
with type 2 diabetes, particularly in those who have had prior cardiovascu-
lar events. In studies using hydroxymethylglutaryl (HMG)-CoA reductase
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inhibitors (statins), patients with diabetes achieved significant reductions in
coronary and cerebrovascular events . The fibric acid derivative gemfibrozil
reductions also leads to reductions in cardiovascular end points [25].

Lifestyle intervention, including medical nutrition therapy (MNT),
increased physical activity, weight loss, and smoking cessation, should allow
some patients to reach these lipid levels.

Glycemic control can also beneficially modify plasma lipid levels,
particularly in patients with very high triglycerides and poor glycemic
control.

It is important to note that clinical trials with fibrates and niacin have
demonstrated benefits in patients who were not on treatment with statins and
that there are no data available on reduction of events with such combina-
tions. The risks may be greater in patients who are treated with combinations
of these drugs with high doses of statins.

Additional strategies to decrease CVD are shown in Figure 5.13.

Screening for coronary heart disease
To identify the presence of CHD in patients with diabetes without clear or
suggestive symptoms of coronary artery disease (CAD), a risk factor-based

CHD, coronary heart disease; CHF, congestive heart failure; CVD, cardiovascular disease;
TZDs, thiazolidinediones.
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approach to the initial diagnostic evaluation and subsequent follow-up is
recommended (see Diabetes PhD at www.diabetes.org or use Framingham
score or UK Prospective Diabetes Study Group risk engine).

A diagnostic cardiac stress test should be done in patients with 1) typical
or atypical cardiac symptoms and 2) an abnormal resting electrocardiogram
(ECG). The screening of asymptomatic patients remains controversial and a
significant proportion of patients may have abnormalities, but the significance
of this is not clear [26].

A screening cardiac stress test may be considered (but is not essential) in
those with 1) ahistory of peripheral or carotid occlusive disease and 2) sedentary
lifestyle, age >35 years, and plans to begin a vigorous exercise program.

Patients with abnormal exercise ECG and patients unable to perform
an exercise ECG require additional or alternative testing. Currently, stress
nuclear perfusion and stress echocardiography are valuable next-level diag-
nostic procedures.

Considerations in the patient with multiple complications include:

» Multiple drugs are often needed.

« Renal impairment affects drug use and doses and pharmacokinetics — use
more short acting insulin.

« Drug interactions, for example, fludrocortisone for hypotension may
increase edema; PDES5 inhibitors interact with nitrates.
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Chapter 6

Diabetic emergencies

The major diabetic emergencies are:

« diabetic ketoacidosis (DKA)

« hyperosmolar hyperglycemic syndrome (HHS)

« severe hypoglycemia.
All these conditions are associated with significant morbidity and mortality
particularly if not managed well. In particular, the mortality rate in HHS
still remains high, especially in elderly patients, in whom the condition is
more common.

Hyperglycemic crisis

It is important to recognize the underlying precipitating factors in the
development of severe hyperglycemia, because their treatment may be
critical to recovery.

The most common precipitating factor in the development of DKA or
HHS is infection. Other precipitating factors include cerebrovascular acci-
dent, alcohol abuse, pancreatitis, myocardial infarction, trauma, and drugs
(steroids, antipsychotics, thiazide diuretics, etc.). In addition, new-onset
type 1 diabetes or discontinuation of or inadequate insulin in established
type 1 diabetes commonly leads to the development of DKA, which may be
recurrent in some patients with psychologic problems complicated by eating
disorders.

The classic clinical picture includes a history of polyuria, polydipsia,
weight loss, vomiting, dehydration, weakness, drowsiness, and finally coma.
Physical findings may include signs of dehydration, tachycardia, hypoten-
sion, alteration in mental status, shock, and ultimately coma. In addition,
acidosis in DKA leads to Kussmaul’s respiration.

The classic laboratory findings in DKA and HSS are listed in Figure
6.1.

V.A. Fonseca et al., Diabetes in Clinical Practice, 59
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Key laboratory evaluations in hyperglycemic crisis

« Plasma glucose, blood urea nitrogen/creatinine, serum ketones, elec-
trolytes (with calculated anion gap), osmolality

o Urinalysis, including ketones

o Arterial blood gases

» Complete blood count with differential

o Electrocardiogram in older patients and those at risk of myocardial
infarction

o Bacterial cultures of urine, blood, throat, etc.; give appropriate anti-
biotics if infection is suspected

Management

The principles of management of DKA and HHS are summarized in the
box. A suggested management protocol is summarized in Figures 6.2 and
6.3 [1].

Fluids and electrolytes

Initial fluid therapy is directed toward expansion of the intravascular and
extravascular volume and restoration of renal perfusion. In the absence
of cardiac compromise, isotonic saline (0.9% NaCl) is infused at a rate of




DIABETIC EMERGENCIES » 61

15-20 ml/kg body weight per hour or greater during the first hour (1-1.5L
in the average adult). Subsequent choice for fluid replacement depends on
the state of hydration, serum electrolyte levels, and urinary output. If renal
functionis reasonable, the infusion should include potassium 20-30 mmol/L
until the patient is stable and can tolerate oral supplementation. Successful
progress with fluid replacement is judged by hydration status and blood
pressure, measurement of fluid input/output, and clinical examination.

Key points in the treatment of diabetic ketoacidosis and hyperosmolar

hyperglycemic syndrome

« Rapidly correct dehydration - large amounts of fluids are usually
needed

o Correct electrolyte imbalances — pay particular attention to avoiding
hypokalemia

« Give bicarbonate injections only in extreme acidosis (pH <7.0); bicar-
bonate usually corrects itself

o Treat hyperglycemia with low-dose insulin infusion

o Identify and treat precipitating factors

o Take general measures for patients with altered mental status. Avoid
aspiration in patients who are vomiting

» Phosphate infusions are controversial but may be given for severe
hypophosphatemia

Insulin

Insulintherapy, correction of acidosis, and volume expansion decrease serum
potassium concentration. To prevent hypokalemia, potassium replacement
is initiated after serum levels fall below 5.5 mmol/L, assuming the presence
of adequate urine output. Generally, 20-30 mmol potassium (two-thirds
as chloride and one-third as phosphate) in each liter of infusion fluid is
sufficient to maintain a serum potassium concentration within the normal
range of 4-5 mmol/L.

An intravenous bolus of regular insulin at 0.15 U/kg body weight, fol-
lowed by a continuous infusion of regular insulin at a dose of 0. 1 U/kg per
h (5-7 U/h in adults), should be administered. The dose of insulin may be
adjusted according to the response. When the plasma glucose reaches 250 mg/
dL (14 mmol/L) in DKA or 300 mg/dL (16.5 mmol/L) in HHS, it may be pos-
sible to decrease the insulin infusion rate to 0.05-0.1 U/kg per h (3-6 U/h),
and dextrose (5-10%) may be added to the intravenous fluids. When acidosis
in DKA or mental obtundation and hyperosmolarity in HHS are resolved and
the patient begins eating, subcutaneous insulin should be started.
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Complete initial evaluationt. Start IV fluids: 1.0L of

Insulin
Determine hydration status IVroute SC/IMroute

Hypovolemic Mild Cardiogenic Insulin: regular Insulin: regular
shock hypotension shock 0.15U/kg as 0.4 U/kg as halfIv
¢ IVbolus bolus, half

IMorSC

Administer 0.9% Hemodynamic

NaCl(1.0L/h) and/or monitoring

plasma expander 0.1U/kgperhIV || 0.1U/kgperhIV

insulin infusion regularinsulin SC

or IM infusion

Evaluate corrected serum Na*#

If serum glucose does not fall by
SerumNa* SerumNa* SerumNa* 50-70mg/dL(2.8-3.8mmol/L) infirsth
high normal low

Doubleinsulin Give hourly IV
0.45% NaCl (4—14 mL/kg 0.9% NaCl infusion hourly insulin bolus (10U)
per h) depending on state (4-14mL/kg per untilglucose falls untilglucose falls
of hydration h) depending on by50-70mg/dL | by50-70mg/dL
state of hydration (2.8-3.8mmol/L) (2.8-3.8mmol/L)

When serum glucose reaches 300 mg/dL
(16.5mmol/L)

Change to 5% dextrose with 0.45% NaCl Checkelectrolytes every 2—-4 h

at150-250 ml/h with adequate insulin until stable. Look for precipitating

(0.05-0.1U/kg per h IVinfusion or 5-10U SC causes. After resolution of DKA,

every 2 h) to keep the serum glucose between follow blood glucose (BG) every 4

150 and 200 mg/dL (8.3-11 mmol/L) until h and give sliding scale regular SC

metabolic control is achieved insulinin 5 U increments for every
50 mg/dL (2.8 mmol/L) increase in
BG above 150 mg/dL (8.3 mmol/L)
for up to 20 U for BG of 2 300 mg/dL
(16.5mmol/L)

*DKA diagnostic criteria: blood glucose >250 mg/dL, arterial pH <7.3, bicarbonate <15 mmol/L,
and moderate ketonuria or ketonemia.

TAfter history and physical examination, obtain arterial blood gases, complete blood count with
differential, urinalysis, blood glucose, blood urea nitrogen, electrolytes, chemistry profile, and
creatinine levels, STAT, as well as an electrocardiogram. Obtain chest X-ray and cultures as needed.
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0.9% Na Cl per hour initially (15-20 ml/kg per h)

Potassium

If serum K¥ is <3.3mmol/L,
hold insulin and give

40 mmol/LK per h (two-
thirds as chloride and one-
third as phosphate) until K
>3.3mmol/L

Ifserum K* = 5.5 mmol/L
Do not give K* but check
K*every2h

If serum K* > 3.3 but
<5.5mmol/L give
20-30mmol K* in each
liter of IV fluid (two-thirds
as chloride and one-third
as phosphate) to keep
serum K¥ at 4—5 mmol/L

Assess need for bicarbonate

pH<6.9-7.0 pH>7.0

Dilute NaHCO3 Dilute NaHCO3 No HCO3™
(100mmol) in (50mmol) in

400 mL 200mL HZO.

H,0. Infuse at Infuse 200mL/h

200mL/h

Repeat HCO3™ administration every
2huntilpH>7.0.
Monitor serum K*

$Serum Na+ should be corrected for hyperglycemia (for each 100 mg/dL glucose >100 mg/dL
(5.5 mmol/L> 5.5 mmol/L), add 1.6 mmol to sodium value for corrected serum sodium value).
IM, intramuscular; IV, intravenous; SC, subcutaneous.

Reproduced with permission from Kitabchi et al[1].
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Complete initial evaluationt. Start IV fluids: 1.0L of 0.9% Na Cl per hour initially

Determine hydration status

Hypovolemic Mild Cardiogenic
shock hypotension shock

Administer 0.9% Hemodynamic
NaCl(1.0L/h)and/or monitoring
plasma expander

Evaluate corrected serum Na*#

Serum Na* SerumNa*t
high normal

0.45% NaCl 0.9% NaCl
(4-14mL/kg perh) (4-14mL/kg perh)
depending on state of depending on state of
hydrat on hydration

When serum glucose reaches
300mg/dL (16.5 mmol/L)

Change to 5% dextrose with 0.45% NaCl and decrease insulin to
(0.05-0.1U/kg per h maintain serum glucose between 250-300 mg/dL
(14-16.5 mmol/L) until plasma osmolality is = 315 mOsmol/kg and patient
is mentally alert

*Diagnostic criteria: blood glucose >600 mg/dL, arterial pH >7.3, bicarbonate >15 mmol/L,
effective serum osmolality >320 mosmol/kg H,0, and mild ketonuria or ketonemia.



Insulin

Regular, 0.15 U/kg as IV bolus

0.1U/kg per h IVinsulin infusion

Check serum glucose hourly, if serum
glucose does not fall by at least

50 mg/dL (2.8 mmol/L) in first hour,
then double insulin dose hourly until
glucose falls at a steady hourly rate of
50-70mg/dL (2.8-3.8 mmol/L)

After resolution of HHS, follow blood
glucose (BG) every 4 h and give
sliding scale regular SCinsulinin 5
unitincrements for every 50 mg/dL
(2.8 mmol/L) increase in BG above
150 mg/dL (8.3 mmol/L) for up to 20

units for BG 2300 mg/dL (16.5 mmol/L)
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Potassium

If serum K* is <3.3 mmol,
hold insulin and give
40mmol K*, two-thirds as
chloride and one-third as
phosphate) until K*
>3.3mmol/L

If serum K* > 5.5 mmol/L
do not give K* but check
potassium every 2h

Ifserum K* > 3.3 but
<5.5mmol/Lgive
20-30mmol K*in each
liter of IV fluid (two-thirds
as chloride and one-third
as phosphate) to keep
serum K* at 4-5mmol/L

Check electrolytes every
2-4 h until stable. Look for
precipitating causes
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Figure 6.4 Complications of diabetic ketoacidosis and their prevention

Complication Prevention

Hypokalemia Give K* even if normal

Hypoglycemia Avoid excess insulin

Cerebral edema Gradual replacement of sodium and water deficits in patients who

are hyperosmolar (maximal reduction in osmolality 3 mOsmol/kg
H,0 per h) and the addition of dextrose to the hydrating solution
once blood glucose reaches 250 mg/dL (14 mmol/L)

Pulmonary edema

Aspiration pneumonia  Empty stomach if vomitting

Complications of diabetic ketoacidosis
The complications of DKA and their prevention are summarized in Figure 6.4.

Hypoglycemia

Hypoglycemia is the major limiting factor in intensive treatment with insulin and
to alesser extent with sulfonylureas [2]. It is classified as severe if another person’s
assistance is needed for treatment. In severe cases hospitalization is needed; if
not treated promptly, they can result in injury, seizures, coma, and death.

Treatment

Episodes of asymptomatic hypoglycemia (detected by self-monitoring of blood
glucose) and most episodes of symptomatic hypoglycemia can be self-treated
effectively by ingestion of glucose tablets or carbohydrate in the form of juice,
a soft drink, milk, crackers, or a meal. An initial glucose dose of 15-20 g is
essential and sometimes may need to be repeated or followed by a meal, because
the glycemic response to oral glucose is usually of short duration.

Parenteral therapy is necessary when a hypoglycemic patient is unable
to take carbohydrate orally. Intravenous glucose is the preferable treatment
of severe hypoglycemia, if venous access is available. This is usually given
as a bolus of 50% dextrose followed by a subsequent glucose infusion, and
frequent feeding is often required. Parenteral glucagon is an alternative
because it can be given by intramuscular or subcutaneous injection and
used by family members to treat severe hypoglycemia the home setting.
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Chapter7

Patient education

Goals of patient education

Stated succinctly, the goal of National Standards for Diabetes Self-
Management Education (DSME) is to help people cope with the demands
of diabetes so that ultimately they can delay or prevent the complications
of diabetes. As research in diabetes has progressed, we have learned that
complications, once thought a natural progression of the disease, can
potentially be delayed and even prevented. Healthcare providers began to
consider the various components involved in diabetes disease management
which brought into focus the significant role of the diabetes patient in the
disease management process (see Figure 7.1).

While patients with diabetes provide approximately 95% of all of
their care, the self-management regimen required in diabetes may be
one of the most difficult of all chronic diseases. Among the challenges
are included:

« Monitoring blood glucose levels multiple times daily, an uncomfortable
process requiring collection of a blood sample.
« Understanding how to use the result of the blood glucose monitoring
effort to assist in management.
« Understanding the nature of diabetes and its complications.
« Observing to identify signs and symptoms of emerging problems.
« Taking medications appropriately, including complex insulin
regimens.
« Understanding the roles of the macronutrients and complying with an
appropriate meal plan.
« Understanding the role of exercise in diabetes and following an appro-
priate exercise plan.
The American Diabetes Association developed the National Standards for
DSME, which is updated and published annually, to define standards for
the provision of reimbursable diabetes self-management education. These

V.A. Fonseca et al., Diabetes in Clinical Practice, 67
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Data in part from [1].

standards include specific content areas to be included in the education
process. Required topics include [2]:

« diabetes disease process and treatment options;

« nutrition management;

« physical activity;

» medications use for therapeutic effectiveness;

« blood glucose monitoring;

« preventing, detecting and treating acute complications;

« preventing, detecting and treating chronic complications;

« goal setting to promote health and resolve problems;

« psychosocial adjustment; and

o preconception care: diabetes management during pregnancy and gesta-

tional diabetes management.

Diabetes self-management education should be acknowledged by the health-
care provider as an integral part of the diabetes treatment plan, recognizing
that patient development of necessary problem-solving skills will be based on
a thorough knowledge of this complex disease and treatment options [3]. It
has been demonstrated that patient self-management of diabetes, including
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blood glucose monitoring and adjustment of medications, can improve patient
outcomes for patients with type 2 diabetes [4]. The DSME program should
include instruction on goal-setting strategies that will encourage patients to
work with diabetes teams to define treatment goals and choose therapeutic
interventions that are acceptable to the patient and will facilitate success [5].

Diabetes self-management education must be individualized for each
patient based on personal characteristics, learning studies, and treatment
plans [6]. The individual assessment, which is a necessary part of the educa-
tion process, determines whether the process will meet individual needs;
however, group educational processes, as part of the overall diabetes educa-
tion program, have been demonstrated to be quite effective [7]. Figure 7.2
highlights the key areas that are important as part of diabetes education.

DSME must strive to provide the necessary information (knowledge,
behavior modification, and self-responsibility), in an accessible and accept-
able format, to empower people with diabetes to accumulate the knowledge
that enables them to successfully self-manage their diabetes, based on their
own informed choices. Ultimately this will help patients to attain their self-
determined treatment goals.

Monitoring glycemic control
(urine/blood glucose, metabolic targets)
Glycemic goals differ slightly based on recommendations by leading authori-
ties; however, there are a variety of other issues to consider when working
with patients to set glycemic goals. Since publication of the Diabetes Control
and Complications Trial (DCCT), A1C has been recognized as the gold
standard for monitoring blood glucose control (see Figure 7.3).

However, the limitations of A1C in evaluating blood glucose control must
be reviewed. A1C does not provide information representative of the frequent

variations in glucose levels daily as related to various times of the day, various

Datafrom [8, 9].
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Data from Diabetes Care 2007; 30 (suppl. 1):510 and ACE/AACE Diabetes Road
Map Task Force. Road maps to achieve glycemic control in type 2 diabetes mellitus.
Endocr Prac, 2007; 13(3):261-264.

mealtime or fasting levels, or glucose levels related to activities, stressors of all
kinds and/or specific medications. Most of this information must be gathered
from self-monitored blood glucose (SMBG) logs [10]. While noninvasive
and inexpensive, urine glucose testing only detects glucose levels above the
individual’s renal threshold, rendering this means of glucose monitoring
ineffective for achieving currently accepted levels of glucose control [11].
In a study of 201 insulin-requiring patients with diabetes, intensive self-
monitoring of blood glucose demonstrated significant reductions in A1C [12].
Self-monitored blood glucose testing provides educational opportunities for
patients, complementing the education process by providing information rep-
resentative of the impact of multiple variables on glucose levels, including meal
planning and/or specific foods, exercise, stress, and medications. However, a
recently-completed trial, the Diabetes Glycaemic Education and Monitoring
(DiGEM) study, determined that for reasonably well-controlled, non-insulin
treated patients there is no adequate evidence that self-monitoring blood
glucose improves glycemic control [13]. Nonetheless, substantial evidence
exists confirming the value of self-monitoring in insulin-treated patients.

Identifying and overcoming barriers to effective self-care

Patients who have been diagnosed with diabetes are immediately faced
with a multitude of challenges, all related to maintaining the quality of their
daily life. Research has well demonstrated the galaxy of complications that
can follow the onset of diabetes, in the absence of good diabetes manage-
ment. Yet, good diabetes management requires acquiring numerous skills,
making countless lifestyle changes and adjustments, and investing significant
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amounts of time and effort into a lengthy, complicated education process.
Seven specific self-care behaviors have been identified as inherent in good
self-care in diabetes (see Figure 7.4).

Unfortunately, many patients encounter barriers that prevent them from
accomplishing effective self-care (see Figure 7.5). Barriers encountered by
the healthcare provider that should also be considered are:

o Treatment goals and regimens: consider the patient’s overall health
and the patient’s goals for diabetes treatment once the patient has been
educated about diabetes and potential complications. Adjust therapies
based on those findings.

Data from [14].

Datafrom[9, 15-17].
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« Management of hypoglycemia: determine that the patient has been edu-
cated on both the management of hypoglycemia and the prevention of
hypoglycemia. Make incremental changes to therapies frequently until
goals have been achieved.

« Clinical inertia: make incremental changes to patient therapies, based on
treatment goals. Consider using staff nurse phone visits to receive patient
reports of blood glucose logs and to make protocol-driven treatment
changes for insulin-treated patients.

« Use of insulin as a treatment option: provide patient with information
regarding this option at diagnosis or new patient “first” visit. Current
treatment options include various injection devices as well as inhaled
insulin therapy.

Healthcare providers can anticipate many of those barriers mentioned
in Figure 7.5 and above, and prepare patients to more effectively manage
obstacles as they are encountered.

We have acknowledged that patients must be “team leaders” of their
diabetes team because of their “expertise” on their own knowledge, beliefs,
support system, attitudes, resources, culture, likes and dislikes, habits, etc.
Those same factors play a role not only in management of diabetes but in
the education process as well. Education that promotes adherence is patient-
focused, includes collaboration between healthcare providers and patients,
and empowers patients to make positive behavior changes.

Studies indicate that people with diabetes are 1.5 to 2 times more inclined
to be clinically depressed than people who do not have diabetes. Further, this
depression in the population of people with diabetes increases their risk of
mortality by 30%. Depression can be linked to poor self-care, poor diabetes
control and higher risks of complications [18, 19].

In a recent study on self-care behaviors in diabetes, it was determined
that only 6% of patients performed the four self-care behaviors under
study at recommended levels. These included: physical activity, fruits and
vegetable consumption, home blood glucose testing and home foot examina-
tion. Interestingly, performance of all self-care behaviors was higher in the
insulin-requiring patients. Nearly 90% of all patients in the study engaged in
atleast one self-care behavior but the percentage dropped dramatically as the
number of self-care behaviors being observed increased [20]. Another recent
study determined that a consistent relationship exists between self-efficacy
and self-management in diabetes, identifying self-efficacy as a viable target
for educational interventions designed to improve self-care [21]. Diabetes
education promotes self-care by providing knowledge; however, knowl-
edge alone will not produce successful self-care. Self-efficacy is an integral
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Data from [14, 15, 24, 25].

part of good self-care in diabetes. If people believe they will be successful,
they will be motivated to succeed [22]. This is in keeping with the patient
empowerment philosophy, as applied in patient-centered practices, involv-
ing interactions between healthcare providers and patients that are positive
and well-informed [23] (see Figure 7.6). These interactions are based on the
chronic care model discussed in Chapter 4 [26].

Patient resources

American Association of Diabetes Educators. Available at: www.diabeteseducator.
org/. Last accessed September 2007. Diabetes Educator Access Line: 1-800-TEAMUP4
(1-800-832-6874) or 1-800-338-3633.

American Diabetes Association (ADA). Available at: www.diabetes.org. Last accessed
September 2007. National Call Center:1-800-DIABETES (1-800-342-2383).

American Dietetic Association (ADA). Available at: www.eatright.org. Last accessed
September 2007. Telephone: 1-800-877-1600.

Diabetes Action Research and Education Foundation. Available at: www.diabetesaction.org.
Last accessed September 2007. Telephone: 1-202-333-4520.

Diabetes and Me. Available at www.cdc.gov/diabetes/consumer/index.htm.

Last accessed September 2007. CDC Diabetes Public Inquiries: 1-800-CDC-INFO.

Diabetes Exercise and Sports Association (DESA). Available at: www.diabetes-exercise.org.
Last accessed September 2007. Telephone: 1-800-898-4322.

National Diabetes Education Program. About Diabetes and Pre-diabetes. Available at:
http://ndep.nih.gov/diabetes/diabetes.htm. Last accessed September 2007. Telephone:
1-800-438-5383.

National Diabetes Information Clearinghouse (NDIC). Available at: http://diabetes.niddk.nih.
gov/. Last accessed September 2007.

National Kidney and Urologic Disease Information Clearinghouse (NKUDIC). Available at:
http://kidney.niddk.nih.gov. Last accessed September 2007. Telephone: 1-800-891-5390

Weight-control Information Network (WIN). Available at: http://win.niddk.nih.gov. Last
accessed September 2007. Telephone: 1-877-946-4627
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