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Abstract
The prevalence and impact of type 2 diabetes are reaching epidemic proportions in the United
States. Data suggest that effective management can reduce the risk for both microvascular and
macrovascular complications of diabetes. In treating patients with diabetes, physicians must be
prepared not only to tailor the initial treatment to the individual and his or her disease severity but
also to advance treatment as necessary and in step with disease progression.

The majority of patients with diabetes are not at goal for glycated hemoglobin A1C, fasting plasma
glucose, or postprandial plasma glucose levels. Although lifestyle changes based on improved diet
and exercise practices are basic elements of therapy at every stage, pharmacologic therapy is
usually necessary to achieve and maintain glycemic control. Oral antidiabetic agents may be
effective early in the disease but, eventually, they are unable to compensate as the disease
progresses. For patients unable to achieve glycemic control on 2 oral agents, current guidelines
strongly urge clinicians to consider the initiation of insulin as opposed to adding a third oral agent.
Recent research suggests that earlier initiation of insulin is more physiologic and may be more
effective in preventing complications of diabetes. Newer, longer-lasting insulin analogs and the use
of simplified treatment plans may overcome psychological resistance to insulin on the part of
physicians and patients.

This article summarizes the risks associated with uncontrolled fasting and postprandial
hyperglycemia, briefly reviews the various treatment options currently available for type 2 diabetes,
presents case vignettes to illustrate crossroads encountered when advancing treatment, and offers
guidance to the osteopathic physician on the selection of appropriate treatments for the
management of type 2 diabetes.

Background
The prevalence of type 2 diabetes is reaching epidemic
proportions in the United States. Impacting an estimated
20.8 million people – 7% of the overall US population,
including an astounding 21% of those older than 60 years
[1] – this progressive disease can lead to macrovascular
and microvascular complications [2]. Macrovascular com-
plications (cardiovascular disease and stroke) account for
approximately 65% of all mortality in people with diabe-

tes. Diabetes also is the leading cause of kidney failure and
new cases of blindness among adults aged 20–74 years
[2]. Other microvascular complications of diabetes
include periodontal disease resulting in tooth loss, neu-
ropathy leading to limb amputation, and numerous other
potentially life-threatening complications [2].

Type 2 diabetes has a significant effect on quality of life.
Patients are often concerned about disease progression or
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complications, social stigma, convenience/impact on life-
style, and cost. Many have misperceptions regarding the
complexity of treatment regimens [3,4]. These psychoso-
cial issues also can impede glycemic control. Treatment
must be tailored to the severity of disease. The start of
insulin therapy is often delayed unnecessarily because
both patients and practioners may underestimate the
importance of glycemic control. [5].

The array of treatment options can be complex and chal-
lenging. Several newer therapeutic options have become
available within the past decade. Physicians designing a
treatment strategy are faced with several decisions:

� Choice of the best therapeutic option with each step of
advancing disease;

� When to advance therapy;

� When to initiate insulin; and

� The utility and place of newer agents in a treatment strat-
egy.

Because primary care physicians provide diabetes care for
the great majority of patients with type 2 diabetes (82%),
it is important for this group of physicians to understand
the risks associated with poor glycemic control and the
strategies that will help more patients reach their glycemic
targets [6]. The purpose of this article is to offer guidance
to the osteopath on the selection of appropriate treat-
ments for the management of type 2 diabetes.

Overview: Disease pathology and treatment goals
Type 2 diabetes is a progressive disease characterized by
defects in insulin secretion and utilization [7]. In the nor-
mal postabsorptive state, glucose utilization in insulin-
dependent tissue (primarily muscle) is balanced by glu-
cose production [7]. In type 2 diabetes, tissues become
insulin resistant, the ability of the pancreatic β cells to
secrete insulin is impaired [7], and β-cell function
declines progressively over time (Figure 1) [8].

The American Diabetes Association (ADA) and the Amer-
ican Association of Clinical Endocrinologists (AACE)
have issued recommendations for target levels of glycemic
control (Table 1) [9,10]. The ADA recommends that gly-
cated hemoglobin A1C (hereafter A1C) be measured rou-
tinely in all patients with diabetes, initially to assess
glycemic control and then as part of continuing care [9].
While A1C reflects the average level of glycemic control
over a 3-month period of time, day-to-day control is dem-
onstrated by both basal and postprandial plasma glucose
(PPG) levels. Effective treatment, therefore, should

encompass the means to control both basal and PPG
excursions.

The role of postprandial versus basal hyperglycemia has
been examined to ascertain the relative contribution of
each to overall metabolic disequilibrium in type 2 diabe-
tes [11]. In patients with mild to moderate hyperglycemia
(A1C ≤ 8.4%), postprandial hyperglycemia has been
shown to be an important contributor to the overall level
of hyperglycemia [11]. Basal hyperglycemia becomes a
major contributor in patients with poorly controlled and
more extensive hyperglycemia (A1C ≥ 8.5%) [11]. How-
ever, these cutoff points are fluid; the respective contribu-
tion of each type of hyperglycemia shifts with the level of
overall glycemic control as reflected by the A1C measure.
The role of PPG elevations decreases as the patient's glyc-
emic control deteriorates [11].

Improved glycemic control reduces the risk of microvascu-
lar complications and macrovascular events in type 2 dia-
betes [12,13]. Tight control in patients with type 1
diabetes also reduces the risk of macrovascular events and

Table 1: ADA and AACE Glycemic Goals

ADA AACE

A1C < 7.0%* < 6.5%
FPG 90–130 mg/dL < 110 mg/dL
PPG < 180 mg/dL < 140 mg/dL

A1C = glycated hemoglobin A1C; AACE = American Association of 
Clinical Endocrinologists; ADA = American Diabetes Association; 
FPG = fasting plasma glucose; PPG = postprandial plasma glucose.
*Physicians and patients should attempt to achieve a level as close to 
normoglycemia (< 6.0%) as possible without experiencing serious 
adverse events.

Progressive loss of β-cell function in type 2 diabetesFigure 1
Progressive loss of β-cell function in type 2 diabetes. 
At diagnosis, a patient with type 2 diabetes has half the β cells 
as a person without type 2 diabetes. U.K. Prospective Diabe-
tes Study Group. Diabetes. 1995;44:1249–1258 [8].
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cardiovascular disease [14,15]. However, most patients
with diabetes are not at goal for glycemic control or cardi-
ovascular risk factors. According to recent data from the
National Health and Nutrition Examination Survey, <
50% of patients with self-reported diabetes were at target
A1C; 36% met target low-density lipoprotein (LDL) cho-
lesterol goals for low-risk status; < 28% were at the low-
risk status because of their high-density lipoprotein cho-
lesterol levels; and < 40% met target blood pressure goals
[16]. Long-standing failure to achieve glycemic control
has been associated with increased risk for cardiovascular
events [17]. The Heart Outcomes Prevention Evaluation
study reported a progressive association between glycemia
indices and incident cardiovascular events, nephropathy,
and total mortality [17]. Therefore, an improvement in
the achievement of these goals may greatly improve the
health outcomes of patients with diabetes [9].

Progressive therapeutic management of type 2 diabetes
Lifestyle modification is an important component of care
throughout all stages of diabetes, and should be initiated
and maintained as the basis of therapy (Figure 2) [18,19].
Lifestyle changes include medical nutrition therapy, phys-
ical fitness programs with 30 minutes of exercise 5 times

per week, and weight loss (if the patient is overweight;
5%–7% reduction in body weight) [18]. These strategies
have been shown effective in delaying the onset of type 2
diabetes in clinical studies [9,18] and decreasing A1C by
1.0% to 2.0% [19]. It is important to note that lifestyle
modification is never abandoned in favor of medical ther-
apy. Rather, it constitutes the backbone of diabetes ther-
apy throughout disease progression [18,19]. Such lifestyle
changes may increase the probability that other therapies
will be effective [20].

As most patients will not achieve glycemic goals with diet
and exercise alone, the ADA and the European Society for
the Study of Diabetes suggest lifestyle intervention plus
metformin as a first step in therapy [9]. Metformin is the
preferred oral antidiabetic drug (OAD) if the patient is
overweight, since it promotes weight loss and does not
cause hypoglycemia [20]. If glycemic goals are not met
with one OAD, a second is added; commonly, a sulfony-
lurea is added to metformin therapy [20]. As the disease
progresses, treatment with additional medications
becomes necessary to meet glycemic goals: a third agent
from a different class, such as a thiazolidinedione, could
be added or a basal insulin could be initiated [20]. A con-

Progression of therapy in type 2 diabetesFigure 2
Progression of therapy in type 2 diabetes. ADA recommended algorithm. Nathan DM et al. Diabetes Care. 
2006;29:1963–1972 [19].

Diagnosis of T2DM

Lifestyle Intervention + Metformin

If not at goal

Add 2nd oral agent or basal insulin (titrate to goal)

Add 3rd oral agent or basal insulin; or intensify insulin*

*Intensify insulin = continue titrating basal insulin to goal or add prandial insulin to meals, beginning 
with the largest meal of the day.

If not at goal

Maximum of 
2-3 months
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sensus statement from the ADA provides a comprehensive
review of the benefits and disadvantages of OADs [19].

The decision of when to initiate insulin therapy can be
challenging. Patients and physicians may resist this step in
the mistaken belief that regimens are too complex and in
the fear that hypoglycemia is difficult to avoid. However,
most patients with type 2 diabetes will eventually require
treatment with insulin due to the progressive decline of β-
cell function (Figure 1), insulin resistance, and glucotox-
icity that occur with the disease [7]. Many patient miscon-
ceptions and fears about insulin can be overcome with
appropriate education and open communication. Fur-
thermore, the use of newer, simple patient-driven algo-
rithms permits patients to titrate insulin to goal with a
reduced risk of hypoglycemia [21,22].

Currently available products offer opportunities for more
individualized treatment and simpler regimens, and it is
becoming increasingly clear that earlier insulin therapy
can provide clinical benefit [23]. For example, systemati-
cally titrating bedtime basal insulin that had been added
to oral therapy was shown to safely achieve an A1C of
7.0% in a majority of patients with type 2 diabetes whose
A1C had been 7.5% to 10.0% while they were receiving
oral agents alone [23].

Patients and clinicians are advised to avoid complacency
and must aggressively move up the treatment ladder when
glycemic targets are not met. Clinicians' failure to inten-
sify therapy when indicated – so-called clinical inertia –
may prevent patients from meeting their glycemic goals
[24]. In one retrospective analysis, a quality improvement
intervention aimed at overcoming clinical inertia in a dia-
betes clinic setting led to more frequent intensification of
therapy and lower A1C levels [24,25].

Insulin: Benefits of early initiation
The long-standing assumption that insulin should be
used as a last-resort intervention during treatment of
patients with type 2 diabetes is now being challenged.
Until recently, it was believed that insulin should be initi-
ated only when combined lifestyle approaches and 1 or
more OADs failed to achieve glycemic goals [26]. In addi-
tion to patients' fear of injections and concerns about life-
style disruption, many physicians believed that insulin
increased the risk of cardiovascular disease. On the con-
trary, studies have demonstrated that insulin has several
potentially beneficial cardiovascular properties [26].
Among these is a marked reduction in inflammatory indi-
ces [27]. These benefits may not extrapolate to non-insu-
lin antidiabetes agents, as recent data indicate a potential
risk for cardiovascular morbidity and mortality in patients
taking an oral thiazolidinedione agent [28], although
these data must be interpreted with caution [29].

Data show that glucose is proinflammatory and that
hyperglycemia is potentially toxic [30]. Insulin is an effec-
tive anti-inflammatory measure, since it normalizes
plasma glucose and exerts significant anti-inflammatory
effects [27]. Thus, the decision to delay insulin and
instead add a third OAD may prolong the state of toxic
hyperglycemia.

While the addition of basal insulin when OAD fails is now
an established practice, whether to add insulin earlier or
later in disease progression has remained controversial
[31]. The United Kingdom Prospective Diabetes Study
demonstrated the advantages of the early addition of insu-
lin to conventional diet-plus-OAD treatment if the fasting
plasma glucose (FPG) remained > 108 mg/dL despite
maximal doses of sulfonylurea [31]. Over 6 years, ~ 53%
of patients receiving sulfonylureas met the study require-
ment for additional insulin therapy [31]. Compared with
the insulin-alone treatment group, significantly more
patients in the added-insulin group had A1C < 7.0% over
the 6-year study period, and their median A1C was signif-
icantly lower (6.6%) than that of the group taking insulin
alone (7.1%) [31].

Basal and prandial insulin
Table 2 lists currently available insulin formulations.
Since the beginning of insulin therapy more than 75 years
ago, a variety of improvements have resulted in the avail-
ability of numerous human insulin formulations with dif-
ferent onsets of action, peak concentrations, and
durations of effect [32]. Judicious selection of specific
insulin formulations to supplement OAD agents is an
effective tactic to help patients reach glycemic goals [32]
(Figure 3).

Effective treatment should target both basal and PPG lev-
els. Fasting and postprandial glycemia both are abnormal
in type 2 diabetes, and the basal-bolus insulin strategy
most closely resembles normal physiologic patterns [32].
As a starting point, a single injection of basal insulin can
be used to provide 24-hour control of glycemia in patients
in whom oral agents no longer constitute adequate ther-
apy [32].

Basal insulin
Newer long-acting insulin formulations represent an
improvement over neutral protamine Hagedorn (NPH)
insulin, the basal insulin that has been used for many
years. Recombinant DNA technology has produced insu-
lin analogs – insulin glargine and insulin detemir – with
structural modifications that improve their time-action
profiles such that they more closely resemble physiologic
insulin patterns [33].
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Trials evaluating insulin glargine versus NPH insulin
added to existing OAD therapy have found that treatment
with either agent resulted in similar improvements in gly-
cemic control [23,34,35]. However, insulin glargine was
associated with less nocturnal hypoglycemia than NPH
insulin [23,34,35]. This is likely due to the 24-hour dura-
tion of action with no pronounced peak activity of insulin
glargine. Yki-Jarvinen et al performed a meta-regression
analysis of clinical trials that used either NPH or insulin
glargine as treatment options and observed that at equiv-
alent rates of hypoglycemia, insulin glargine was associ-

ated with significantly lower A1C levels than NPH insulin
[36].

Insulin detemir is approved for once- or twice-daily dos-
ing and exhibits an activity peak at approximately 6–8
hours following administration [37]. Clinical trials com-
paring insulin detemir and NPH insulin have indicated
that treatment with insulin detemir results in comparable
improvements in A1C, less weight gain, and reduced risk
for hypoglycemia [38].

Clinical case: A patient recently diagnosed with type 2 
diabetes
Case History
Mr. Madera is a 45-year-old Hispanic man recently diag-
nosed with type 2 diabetes. He is 5 ft 9 in tall and weighs
225 lb; his body mass index (BMI) is 33 kg/m2. He
smokes 1 pack of cigarettes per day. During a recent visit
to the clinic, his FPG level was 235 mg/dL and his A1C
level was 10.6%. His blood pressure, total cholesterol,
LDL cholesterol, and triglycerides were elevated. Mr. Mad-
era's physician created a treatment plan that included
patient education, diet, exercise, and smoking cessation.
Additionally, oral therapy with metformin was initiated,
along with aggressive management of the patient's cardio-
vascular risk factors.

At the 3-month follow-up, his A1C decreased to 9.2%. At
that time, he was receiving 1000 mg of metformin per day.

Idealized profiles of human insulin and analogsFigure 3
Idealized profiles of human insulin and analogs.
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Table 2: Currently Available Insulin Formulations

Insulin Formulation Coverage Duration of 
Action

Dosing Special Considerations

NPH insulin [69] Basal 13 hours Twice daily Nocturnal hypoglycemia; morning 
hyperglycemia; intersubject variability

Insulin glargine [69,70] Basal 24 hours Once daily Less risk of hypoglycemia (overall and 
nocturnal) compared with NPH insulin; once-
daily dosing

Insulin detemir [38,45,71] Basal 14 hours Once or twice daily Less nocturnal hypoglycemia and less weight 
gain compared with NPH insulin; most patients 
require twice-daily dosing

RHI [40] Prandial 6–8 hours 30 minutes premeal Limited mealtime flexibility
Insulin lispro [42,72] Prandial 3–4 hours Up to 15 minutes premeal or 

immediately postmeal
Pregnancy category B rating

Insulin aspart [40,44] Prandial 3–4 hours Up to 15 minutes premeal or 
immediately postmeal

Pregnancy category B rating.

Insulin glulisine [72,73] Prandial 3–4 hours Up to 15 minutes premeal or up 
to 20 minutes after start of meal

Only rapid-acting agent evaluated in 
conjunction with a dosing algorithm

Premix (human)
70% NPH, 30% RHI
50% NPH, 50% RHI

Basal-prandial 16–24 hours Prebreakfast and presupper Short- and long-acting components in fixed 
ratio; difficult to titrate, increased risk of 
hypoglycemia

Premix (insulin analogs)
75% NPL, 25% lispro
50% NPL, 50% lispro
70% protamine aspart, 30% 
aspart

Basal-prandial 16–24 hours Prebreakfast and presupper Short- and long-acting components in fixed 
ratio; difficult to titrate, increased risk of 
hypoglycemia

NPH = neutral protamine Hagedorn; NPL = neutral protamine lispro; RHI = regular human insulin.
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As the consensus algorithm from the ADA and the Euro-
pean Association for the Study of Diabetes recommends
rapid intensification of therapy if patients fail to meet
their glycemic goal with lifestyle changes in addition to
treatment with metformin and if A1C levels remain >
8.5% [19], Mr. Madera's physician was concerned about
his hyperglycemia and recommended the initiation of
basal insulin therapy rather than the addition of a second
OAD. However, Mr. Madera was concerned about injec-
tions and indicated that he preferred to delay the addition
of insulin and wanted to try combination OAD therapy.
Therefore, glimepiride was added to his current oral regi-
men at 4 mg once daily.

At his 6-month follow-up, Mr. Madera's A1C was 8.0%,
and he had gained 4 lb. The physician discussed possible
treatment options with Mr. Madera. His physician sug-
gested initiating insulin therapy and demonstrated how to
administer injections. Mr. Madera practiced the injection
technique and decided to try treatment with insulin. Insu-
lin glargine was added to Mr. Madera's existing regimen of
metformin (1000 mg/d) and glimepiride (4 mg/d). Mr.
Madera was instructed to begin with 10 units of insulin
glargine administered at bedtime and adjust his dose
weekly until he reaches a target FPG ≤ 100 mg/dL

Three months later, Mr. Madera was on 1000 mg/d of
metformin, 4 mg/d of glimepiride, and 40U of insulin
glargine administered once in the evening. His A1C had
decreased to 7.2%, his FPG was 110 mg/dL, and he had no
confirmed episodes of hypoglycemia. Mr. Madera
reported that the insulin injections were not painful, and
he will continue to titrate his dose of insulin glargine until
his blood glucose reaches target. His weight had increased
slightly, so the importance of continuing lifestyle modifi-
cation was reinforced and a dietician was recommended.

Case discussion
This case highlights the need for aggressive management
to achieve glycemic goals. Diet, exercise, and therapy with
oral agents are all beneficial in patients with type 2 diabe-
tes, but these interventions alone were unable to bring Mr.
Madera's blood glucose levels to goal. At this point, some
might consider adding a third oral agent. Nevertheless,
clinical research has shown this approach to be less effec-
tive in glycemic control and less cost-effective compared
with the initiation of insulin [39]. The addition of a basal
insulin was able to bring Mr. Madera's blood glucose lev-
els close to goal within 12 weeks, and with continued
titration of his basal insulin component Mr. Madera
should soon meet target glucose levels. It is important to
stress that lifestyle modification must be continued
throughout treatment.

Prandial insulin
When A1C levels are not at target, prandial insulin can be
added gradually to basal insulin therapy to provide post-
prandial control of glycemia. Prior to the development of
short-acting insulin analogs, prandial control with regular
human insulin (RHI) often was challenging due to varia-
bility in absorption and time to reach peak levels, as well
as to frequent hypoglycemia resulting from the use of
higher insulin doses to compensate for postprandial
hyperglycemia [40].

Compared with RHI, the 3 rapid-acting insulin analogs
(insulin aspart, insulin lispro, and insulin glulisine) have
absorption and action profiles that more closely resemble
physiologic insulin secretion in response to a meal [41].
Insulin lispro has a more rapid onset, an earlier peak, and
a shorter duration of glucose-lowering activity than RHI
[42]. Ross et al reported better adherence with insulin lis-
pro than with RHI in a study of patients with type 2 dia-
betes [43]. Lispro improved 2-hour PPG levels, quality of
life, and overnight hypoglycemia rates, with A1C levels
equivalent to those achieved with RHI. [43]. Insulin lispro
is approved for use 15 minutes before or immediately
after a meal [42].

Insulin aspart has a more rapid onset of action than RHI.
However, the rate of insulin absorption and therefore the
onset of aspart activity may vary by injection site, exercise,
and other variables [44]. Aspart used with insulin detemir
in basal-bolus therapy resulted in more predictable FPG
levels and significantly lower within-person variation
compared with a regimen of NPH plus RHI. Further, the
risk of nocturnal hypoglycemia was 38% lower with the
aspart plus detemir regimen [45].

Insulin glulisine added to insulin glargine produced effec-
tive basal-prandial glycemic control, even in obese
patients. Interestingly, Jungmann et al have reported that
postprandial insulin glulisine produced a slightly lower
blood glucose profile than preprandial glulisine in obese
patients who were also receiving basal insulin [46]. This
may be advantageous for younger patients with type 2 dia-
betes, who often prefer postprandial injections. Bergenstal
and colleagues demonstrated that the use of a novel meal-
time dosing algorithm with insulin glulisine was a safe
and effective alternative to carbohydrate counting [47]. In
this study, patients used the algorithm to adjust doses of
insulin glulisine by 1, 2, or 3 U based on premeal glucose
patterns, with glargine as the bolus insulin [47]. Although
this algorithm was specific to insulin glulisine, it may also
apply to other rapid-acting insulin analogs; however, to
date, there have been no studies assessing the use of this
algorithm with other rapid insulins.
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Although all 3 of these prandial insulin analogs have a
rapid onset of action, slight differences exist in the
approved timing of injections. Insulin lispro [42] is
approved for use 15 minutes before or immediately after
a meal; glulisine [48] for 15 minutes before or within 20
minutes after starting a meal; and insulin aspart is
approved for administration immediately before a meal
(start of meal within 5–10 minutes after injection) [44].
Irrespective of the specific insulin chosen, the insulin reg-
imen should be customized to individual needs. Some
patients may require 1 injection daily, while others may
require 2–4. All of these prandial insulin analogs are avail-
able in disposable pen devices for easy administration.

Premixed insulin
While offering the convenience of 2 injections per day,
premixed insulin poses a challenge with respect to dose
titration, since the ratio of short-acting to long-acting
components is fixed. Oikine et al have reported that twice-
daily administration of premixed insulin resulted in
improved glycemic control after morning and evening
meals, but a change in overall A1C values was not
observed [49]. In patients not reaching goal with twice-
daily injections with premixed insulin, the addition of a
prandial insulin injection at lunchtime can become neces-
sary. In such cases, the morning insulin dose should be
decreased accordingly [6]. Because it is important that
patients adhere to a strict meal schedule to minimize the
risk of hypoglycemia, treatment with a premixed insulin
regimen can limit patient flexibility with respect to meal-
times.

Clinical case: Recurrent hypoglycemia
Case history
Mrs. Martin, a 57-year-old woman, was diagnosed with
type 2 diabetes 5 years prior and recently was referred for
diabetes management. Her self-monitored blood glucose
levels ranged from 250–350 mg/dL. She has a regular exer-
cise routine – walking 4–5 days a week – and maintains a
reasonable diet. This patient is 5 ft 7 in tall and weighs 170
lb, with a BMI of 26.6 kg/m2. She described burning pains
in both feet at night. Her medications include glyburide
10 mg twice daily and metformin 500 mg twice daily;
higher doses of metformin had caused diarrhea. Pioglita-
zone had been prescribed in the past, but its use was dis-
continued due to pedal edema. Her A1C level is 9.3%.

Mrs. Martin began treatment with basal insulin, and the
dose was titrated to her FPG goal. However, her PPG
remained elevated (high 200s). Her physician suggested
supplementing with prandial insulin, but the patient was
unwilling to take 4 injections per day. Basal insulin was
discontinued and the physician was prescribed a
premixed insulin regimen (eg, 70% basal insulin aspart

protamine and 30% prandial insulin aspart with breakfast
and dinner); the dose was titrated to 40 U twice daily.

Within a few weeks, Mrs. Martin returned to report erratic
blood glucose levels (either in the high 200s or in the low
50s) and recurrent symptoms of hypoglycemia (shaki-
ness, anxiety, sweating) in conjunction with low blood
glucose measures. She was transitioned back to her previ-
ous basal insulin regimen, and a bolus regimen of insulin
glulisine was initiated. Titration was completed in a sim-
ple stepwise fashion, starting with the largest meal and
adding injections prior to each meal until target glycemic
control (A1C < 7.0%, PPG < 140 mg/dL) was achieved.
This regimen may afford the patient greater flexibility with
fewer hypoglycemic episodes [47].

Case discussion
Hypoglycemia can be a bothersome, though rarely seri-
ous, adverse event in patients with type 2 diabetes who are
treated with insulin therapy. This case illustrates how
insulin therapy can be optimized to improve glycemic
control and to avoid hypoglycemia. Patients often con-
sider the initiation of insulin therapy a major barrier to
overcome because of a misconception that regimens are
complex. In this case, postprandial blood glucose was
above the target range, thus requiring a prandial insulin to
optimize glycemic control. Adding a fast-acting insulin
analog to the basal insulin would have been effective, but
the patient initially did not want to take 4 injections, so an
analog mix was prescribed. This patient's blood glucose
control then became erratic, and she experienced a
number of hypoglycemic episodes. Although not all
patients have the same experience, for this patient, multi-
ple daily injections provided a physiologic approach to
glycemic control and allowed the patient greater flexibility
as the medication could be tailored to address her fluctu-
ations.

Newer agents
Among the most recent introductions to the market for
antidiabetes agents are a new, inhaled prandial insulin
[50] and several mimetic agents based on gastrointestinal
peptide hormones that, in concert with insulin and gluca-
gon, regulate fuel homeostasis and eating behavior [51].
Research to date shows promise for the noninsulin agents
as adjuncts to basal and prandial insulin therapy, but their
place in the diabetes treatment algorithm has yet to be
determined.

Inhaled insulin
In January 2006 the US Food and Drug Administration
(FDA) approved an inhaled powder form of recombinant
human insulin for the prandial treatment of adult patients
with type 1 and type 2 diabetes [52]. It is absorbed as
quickly as subcutaneously administered rapid-acting insu-
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lin analogs and more quickly than subcutaneous RHI,
with absorption independent of BMI [50]. Inhaled insulin
provides postprandial glycemic control when added to
long-acting basal insulin, with a duration of action com-
parable to that of RHI [53]. Pulmonary function assess-
ment is required prior to initiating therapy [50]. Although
a non-injectable route of administration may appeal to
some patients, the inhaler unit may be cumbersome. In
fact, as of October 18, 2007, Pfizer Inc. halted production
of its inhaled insulin powder due to lack of uptake of the
product; however, there are other devices in development.
There are currently no head-to-head data comparing
inhaled insulin with rapid-acting insulin analogs.

Incretin mimetics
The first such agent in its class, exenatide is an incretin
mimetic that mimics the glucagonlike peptide 1, a natural
hormone secreted in response to the ingestion of food
[54]. Approved by the FDA in 2005 as an adjunct therapy
for type 2 diabetes, exenatide given as twice-daily injec-
tions enhances insulin release in response to elevated
blood glucose levels, inhibits glucagon secretion after
meals, slows the rate of gastric emptying (which reduces
nutrient absorption into the bloodstream), and increases
satiety thereby promoting reduced food intake [54]. In
clinical studies, exenatide improved glycemic control and,
over time, A1C in patients whose type 2 diabetes had been
worsening with maximal doses of a sulfonylurea, with
metformin, and with combined sulfonylurea and met-
formin treatment [55-57]. Overall, A1C levels declined
significantly over the course of the studies, plateauing
after 12 weeks of therapy [55-57]. In the patients with type
2 diabetes who did not reach normoglycemia on a combi-
nation therapy of sulfonylurea and metformin, adjunctive
exenatide or insulin glargine each reduced A1C by 1.1%,
with about 46% of patients on each therapy achieving
A1C ≤ 7.0% [58]. Insulin glargine, however, reduced FPG
to a greater extent, and a greater percentage of patients
achieved FPG < 100 mg/dL [58]. More patients withdrew
from exenatide treatment due to nausea or other gastroin-
testinal symptoms (18 vs 1 in the insulin glargine group)
[58]. Nausea affected approximately half of patients on
exenatide in the studies, especially at high doses [55-57].
Minimal dose titration, mild hypoglycemia, and weight
loss may be advantages of exenatide [59]. The FDA
recently reviewed 30 postmarketing reports of acute pan-
creatitis in patients taking exenatide and requested that
information about acute pancreatitis be added to the
product label. Patients should be instructed to seek
prompt medical care if they experience unexplained per-
sistent severe abdominal pain which may or may not be
accompanied by vomiting [60]. Other limiting factors of
exenatide may be cost, gastrointestinal side effects, and
potential interaction with oral contraceptives and antibi-
otics [59,61].

Pramlintide
An analog of amylin, a pancreatic peptide secreted by β
cells in response to meals, pramlintide used in insulin-
treated patients with type 1 diabetes and type 2 diabetes
reduces PPG excursions, lowers A1C levels another 0.4%
to 0.6%, increases satiety, and decreases food intake [62].
Its mechanism of action is independent of and additive to
insulin. Approved in 2005, pramlintide is initiated at 15
μg subcutaneously with each meal and is titrated up to 30
or 60 μg per meal, depending on the dose-limiting side
effect of nausea. Then the insulin dose is decreased by
50% or to the degree that maintains glycemic control
without causing hypoglycemia [62]. Weight loss has been
noted in obese and overweight patients [62].

Sitagliptin
Approved in 2006, sitagliptin inhibits dipeptidyl pepti-
dase 4 (DPP-4), an inactivator of gut incretin hormones,
which reduce postprandial and fasting glucose concentra-
tions. By blocking this inactivation, the DPP-4 inhibitor
increases active incretin levels and effects [63]. Sitagliptin
100 mg, given orally once per day, is approved for mono-
therapy or adjunctive therapy with metformin or a thiazo-
lidinedione, or with the combination of sulfonylurea and
metformin in patients with type 2 diabetes who have
experienced inadequate glycemic response on OADs [64].
Clinical studies have shown improvements in A1C, FPG,
and PPG with no increased risk of hypoglycemia and a
slight increase in abdominal discomfort compared with
placebo [63,65,66]. In March 2007, the FDA approved a
combination product containing sitagliptin and met-
formin [67].

Conclusion
Type 2 diabetes is a highly prevalent, progressive disease,
characterized by defects in insulin production and utiliza-
tion and is associated with significant morbidity and mor-
tality.

The glucose levels of most type 2 diabetic patients are not
well controlled. Therefore, treatment regimens should be
individualized and optimized to achieve glycemic targets
in addition to managing other risk factors.

Diet, exercise and oral agents are effective for reducing
A1C; however, they do not sufficiently compensate for
progressively worsening β-cell function and insulin resist-
ance. Physiologic insulin replacement in the form of
basal-bolus insulin manages background and postpran-
dial glycemic excursions well. In addition, newer treat-
ment options hold promise but require additional clinical
study and evaluation to determine their appropriate place
in a treatment paradigm.
Page 8 of 11
(page number not for citation purposes)



Osteopathic Medicine and Primary Care 2008, 2:4 http://www.om-pc.com/content/2/1/4
Competing interests
Dr. Valitutto has no competing interests to disclose.

Authors' contributions
Dr. Valitutto was involved in the discussion of the concept
of this article, directed the content of the initial outline,
revised it critically for important intellectual content, and
provided final approval of the manuscript.

Acknowledgements
The author greatfully acknowledges the Embryon scientific staff who 
assisted in the preparation of a first draft of this article based on an author-
approved outline and assisted in implementing author revisions. Embryon 
supports the Good Publications Practice Working Group guidelines on the 
role of medical writers in developing scientific publications [68]. Editorial 
support was provided by the sanofi-aventis U.S. Group.

References
1. Rosamond W, Flegal K, Friday G, Furie K, Go A, Greenlund K, Haase

N, Ho M, Howard V, Kissela B, Kittner S, Lloyd-Jones D, McDermott
M, Meigs J, Moy C, Nichol G, O'Donnell CJ, Roger V, Rumsfeld J, Sor-
lie P, Steinberger J, Thom T, Wasserthiel-Smoller S, Hong Y: Heart
disease and stroke statistics – 2007 update. A report from
the American Heart Association Statistics Committee and
Stroke Statistics Subcommittee.  Circulation 2007,
115:e69-e171.

2. Centers for Disease Control and Prevention: National diabetes
fact sheet: United States, 2005: general information.  2005
[http://www.cdc.gov/diabetes/pubs/pdf/ndfs_2005.pdf].

3. Samuel-Hodge CD, Headen SW, Skelly AH, Ingram AF, Keyserling
TC, Jackson EJ, Ammerman AS, Elasy TA: Influences on day-to-day
self-management of type 2 diabetes among African-Ameri-
can women: spirituality, the multi-caregiver role, and other
social context factors.  Diabetes Care 2000, 23:928-933.

4. Utz SW, Steeves RH, Wenzel J, Hinton I, Jones RA, Andrews D,
Muphy A, Oliver MN: "Working hard with it": self-manage-
ment of type 2 diabetes by rural African Americans.  Fam
Community Health 2006, 29:195-205.

5. Leslie CA, Satin-Rapaport W, Matheson D, Stone R, Enfield G: Psy-
chological insulin resistance: a missed diagnosis?  Diabetes
Spectrum 1994, 7:52-57.

6. DeWitt DE, Hirsch IB: Outpatient insulin therapy in type 1 and
type 2 diabetes mellitus: scientific review.  JAMA 2003,
289:2254-2264.

7. DeFronzo RA: Pathogenesis of type 2 diabetes: metabolic and
molecular implications for identifying diabetes genes.  Diabe-
tes Rev 1997, 5:177-269.

8. UK Prospective Diabetes Study Group: U.K. Prospective Diabe-
tes Study 16. Overview of 6 years' therapy of type II diabetes:
a progressive disease.  Diabetes 1995, 44:1249-1258.

9. American Diabetes Association: Standards of medical care in
diabetes – 2007.  Diabetes Care 2007, 30(Suppl 1):S4-S41.

10. American Association of Clinical Endocrinologists: The American
Association of Clinical Endocrinologists medical guidelines
for the management of diabetes mellitus: the AACE system
of intensive diabetes self-management-2002 update.  Endocr
Pract 2002, 8(Suppl 1):40-82.

11. Monnier L, Lapinski H, Colette C: Contributions of fasting and
postprandial plasma glucose increments to the overall diur-
nal hyperglycemia of type 2 diabetic patients: variations with
increasing levels of HbA1c.  Diabetes Care 2003, 26:881-885.

12. UK Prospective Diabetes Study Group: Intensive blood-glucose
control with sulphonylureas or insulin compared with con-
ventional treatment and risk of complications in patients
with type 2 diabetes (UKPDS 33).  Lancet 1998, 352:837-853.

13. Dormandy JA, Charbonnel B, Eckland DJA, Erdmann E, Massi-Bene-
detti M, Moules IK, Skene AM, Tan MH, Lefèbvre PJ, Murray GD,
Standl E, Wilcox RG, Wilhelmsen L, Betteridge J, Birkeland K, Golay
A, Heine RJ, Korányi L, Laakso M, Mokáò M, Norkus A, Pirags V,
Podar T, Scheen A, Scherbaum W, Schernthaner G, Schmitz O, Škrha
J, Smith U, Tatoň J, on behalf of the PROactive investigators: Second-

ary prevention of macrovascular events in patients with type
2 diabetes in the PROactive Study (PROspective pioglitA-
zone Clinical Trial In macroVascular Events): a randomised
controlled trial.  Lancet 2005, 366:1279-1289.

14. The Diabetes Control and Complication Trial (DCCT) Research
Group: Effect of intensive diabetes management on macrov-
ascular events and risk factors in the Diabetes Control and
Complications Trial.  Am J Cardiol 1995, 75:894-903.

15. The Diabetes Control and Complication Trial/Epidemiology of Diabe-
tes Interventions and Complication (DCCT/EDIC) Study Research
Group: Intensive diabetes treatment and cardiovascular dis-
ease in patients with type 1 diabetes.  N Engl J Med 2005,
353:2643-2653.

16. Resnick HE, Foster GL, Bardsley J, Ratner RE: Achievement of
American Diabetes Association clinical practice recommen-
dations among U.S. adults with diabetes, 1999–2002: the
National Health and Nutrition Examination Survey.  Diabetes
Care 2006, 29:531-537.

17. Gerstein HC, Pogue J, Mann JFE, Lonn E, Dagenais GR, McQueen M,
Yusuf S, HOPE Investigators: The relationship between dysgly-
caemia and cardiovascular and renal risk in diabetic and non-
diabetic participants in the HOPE study: a prospective epi-
demiological analysis.  Diabetologia 2005, 48:1749-1755.

18. ACE/AACE Diabetes Road Map Task Force: Road maps to achieve
glycemic control in type 2 diabetes mellitus.  Endocr Pract 2007,
13:260-268 [http://www.aace.com/meetings/consensus/odimplimen
tation/roadmap.pdf].

19. Nathan DM, Buse JB, Davidson MB, Heine RJ, Holman RR, Sherwin R,
Zinman B: Management of hyperglycemia in type 2 diabetes:
a consensus algorithm for the initiation and adjustment of
therapy. A consensus statement from the American Diabe-
tes Association and the EUropean Association for the Study
of Diabetes.  Diabetes Care 2006, 29:1963-1972.

20. Dailey G: A timely transition to insulin: identifying type 2 dia-
betes patients failing oral therapy.  Formulary 2005, 40:114-130.

21. Davies M, Storms F, Shutler S, Bianchi-Biscay M, Gomis R, Lantus
Study Group: AT.LANTUS trial investigating treatment algo-
rithms for insulin glargine (LANTUS): results of the type 2
study [abstract 1980-PO].  Diabetes 2004, 53(Suppl 2):A473.

22. Davies M, Storms F, Shutler S, Bianchi-Biscay M, Gomis R, for the
AT.LANTUS STudy Group: Improvement of glycemic control in
subjects with poorly controlled type 2 diabetes: comparison
of two treatment algorithms using insulin glargine.  Diabetes
Care 2005, 28:1282-1288.

23. Riddle MC, Rosenstock J, Gerich J, on behalf of the Insulin Glargine
4002 Study Investigators: The Treat-to-Target Trial: rand-
omized addition of glargine or human NPH insulin to oral
therapy of type 2 diabetic patients.  Diabetes Care 2003,
26:3080-3086.

24. Ziemer DC, Miller CD, Rhee MK, Doyle JP, Watkins C Jr, Cook CB,
Gallina DL, El-Kebbi IM, Barnes CS, Dunbar VG, Branch WT Jr, Phil-
lips LS: Clinical inertia contributes to poor diabetes control in
a primary care setting.  Diabetes Educ 2005, 31:564-571.

25. Cook CB, Ziemer DC, El-Kebbi IM, Gallina DL, Dunbar VG, Ernst KL,
Phillips LS: Diabetes in urban African-Americans. XVI. Over-
coming clinical inertia improves glycemic control in patients
with type 2 diabetes.  Diabetes Care 1999, 22:1494-1500.

26. Gerstein HC, Yale J-F, Harris SB, Issa M, Stewart JA, Dempsey E: A
randomized trial of adding insulin glargine vs. avoidance of
insulin in people with Type 2 diabetes on either no oral glu-
cose-lowering agents or submaximal doses of metformin
and/or sulphonylureas. The Canadian INSIGHT (Imple-
menting New Strategies with Insulin Glargine for Hypergly-
caemia Treatment) Study.  Diabet Med 2006, 23:736-742.

27. Dandona P, Mohanty P, Chaudhuri A, Garg R, Aljada A: Insulin infu-
sion in acute illness.  J Clin Invest 2005, 115:2069-2072.

28. Nissen SE, Wolski K: Effect of rosiglitazone on the risk of myo-
cardial infarction and death from cardiovascular causes.  N
Engl J Med 2007, 356:2457-2471.

29. Home PD, Pocock SJ, Beck-Nielsen H, Gomis R, Hanefeld M, Jones
NP, Komajda M, McMurray JJV, for the RECORD Study Group: Ros-
iglitazone evaluated for cardiovascular outcomes – an
interim analysis.  N Engl J Med 2007, 357:28-38.

30. Langouche L, Vanhorebeek I, Vlasselaers D, Vander Perre S, Wouters
PJ, Skogstrand K, Hansen TK, Van den Berghe G: Intensive insulin
Page 9 of 11
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17194875
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17194875
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17194875
http://www.cdc.gov/diabetes/pubs/pdf/ndfs_2005.pdf
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10895842
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10895842
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10895842
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16775469
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16775469
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12734137
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12734137
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7589820
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7589820
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7589820
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17192377
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17192377
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12610053
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9742976
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9742976
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9742976
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16214598
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16214598
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16214598
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7732997
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7732997
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7732997
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16371630
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16371630
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16505501
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16505501
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16505501
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16059716
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16059716
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16059716
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17599857
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17599857
http://www.aace.com/meetings/consensus/odimplimentation/roadmap.pdf
http://www.aace.com/meetings/consensus/odimplimentation/roadmap.pdf
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16873813
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16873813
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16873813
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15920040
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15920040
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15920040
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14578243
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14578243
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14578243
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16100332
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16100332
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10480515
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10480515
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10480515
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16842477
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16842477
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16842477
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16075050
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16075050
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17517853
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17517853
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17551159
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17551159
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17551159
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16075063


Osteopathic Medicine and Primary Care 2008, 2:4 http://www.om-pc.com/content/2/1/4
therapy protects the endothelium of critically ill patients.  J
Clin Invest 2005, 115:2277-2286.

31. Wright A, Burden ACF, Paisey RB, Cull CA, Holman RR, for the UK
Prospective Diabetes Study Group: Sulfonylurea inadequacy: effi-
cacy of addition of insulin over 6 years in patients with type
2 diabetes in the U.K. Prospective Diabetes Study (UKPDS
57).  Diabetes Care 2002, 25:330-336.

32. Rosenstock J: Insulin therapy: optimizing control in type 1 and
type 2 diabetes.  Clin Cornerstone 2001, 4:50-64.

33. Mooradian AD, Bernbaum M, Albert SG: Narrative review: a
rational approach to starting insulin therapy.  Ann Intern Med
2006, 145:125-134.

34. HOE 901/2004 Study Investigators Group: Safety and efficacy of
insulin glargine (HOE 901) versus NPH insulin in combina-
tion with oral treatment in Type 2 diabetic patients.  Diabet
Med 2003, 20:545-551.

35. Yki-Järvinen H, Dressler A, Ziemen M: Less nocturnal hypoglyc-
emia and better post-dinner glucose control with bedtime
insulin glargine compared with bedtime NPH insulin during
insulin combination therapy in type 2 diabetes.  Diabetes Care
2000, 23:1130-1136.

36. Yki-Jarvinen H, Häring H-U, Johnson E, Arbet-Engels C, Nguyen HH,
Zege S, Riddle M: The relationship between glycemic control
and hypoglycemia using insulin glargine versus NPH insulin:
a meta-regression analysis in type 2 diabetes.  In Abstract pre-
sented at: 63rd Annual Scientific Session of the American Diabtes Associa-
tion; June 13-17, 2003 New Orleans, LA.  Abstract 642-P

37. Levemir [package insert]  2005 [http://www.levemir-us.com/
prescribing_information.pdf]. Princeton, NJ: Novo Nordisk Inc

38. Hermansen K, Davies M, Derezinski T, Martinez Ravn G, Clauson P,
Home P, on behalf of the Levemir Treat-to-Target Study Group: A
26-week, randomized, parallel, treat-to-target trial compar-
ing insulin detemir with NPH insulin as add-on therapy to
oral glucose-lowering drugs in insulin-naive people with type
2 diabetes.  Diabetes Care 2006, 29:1269-1274.

39. Schwartz S, Sievers R, Strange P, Lyness WH, Hollander P, for the
INS-2061 Study Team: Insulin 70/30 mix plus metformin versus
triple oral therapy in the treatment of type 2 diabetes after
failure of two oral drugs: efficacy, safety, and cost analysis.
Diabetes Care 2003, 26:2238-2243.

40. Wittlin SD, Woehrle HJ, Gerich JE: Insulin pharmacokinetics.  In
Insulin Therapy Edited by: Leahy JL, Cefalu WT. New York, NY: Marcel
Dekker, Inc; 2002:73-85. 

41. Rave K, Klein O, Frick AD, Becker RHA: Advantage of premeal-
injected insulin glulisine compared with regular human insu-
lin in subjects with type 1 diabetes.  Diabetes Care 2006,
29:1812-1817.

42. Humalog [package insert]  2007 [http://pi.lilly.com/us/humalog-
pi.pdf]. Indianapolis, IN: Eli Lilly and Company

43. Ross SA, Zinman B, Campos RV, Strack T, Canadian Lispro Study
Group: A comparative study of insulin lispro and human reg-
ular insulin in patients with type 2 diabetes mellitus and sec-
ondary failure of oral hypoglycemic agents.  Clin Invest Med
2001, 24:292-298.

44. NovoLog [physician insert]  2007 [http://www.novolog.com/
NovoLog_Precribing_Info.pdf]. Princeton, NJ: Novo Nordisk Inc

45. Rašlová K, Bogoev M, Raz I, Leth G, Gall M-A, Hâncu N: Insulin
detemir and insulin aspart: a promising basal-bolus regimen
for type 2 diabetes.  Diabetes Res Clin Pract 2004, 66:193-201.

46. Jungmann E: Preprandial vs. postprandial injections of insulin
glulisine in intensified insulin therapy of obese patients with
type 2 diabetes mellitus.  In Abstract presented at: 66th Annual Sci-
entific Sessions of the American Diabetes Association; June 5-9, 2006
Washington, DC.  Abstract 495-P

47. Bergenstal R, Johnson ML, Powers MA, Wynne AG, Vlajnic A, Hol-
lander PA: Using a simple algorithm (ALG) to adjust meal-
time glulisine (GLU) based on pre-prandial glucose patterns
is a safe and effective alternative to carbohydrate counting
(Carb Count).  In Abstract presented at: 66th Annual Scientific Sessions
of the American Diabetes Association; June 5-9, 2006 Washington, DC.
Abstract 441-P

48. Apidra [package insert]  2007 [http://products.sanofi-aventis.us/
apidra/apidra.html#Dosage%20and%20Administration] ]. Kansas
City, MO: Aventis Pharmaceuticals Inc

49. Oiknine R, Bernbaum M, Mooradian AD: A critical appraisal of the
role of insulin analogues in the management of diabetes mel-
litus.  Drugs 2005, 65:325-340.

50. Exubera [prescribing information]  2007 [http://
www.pfizer.com/pfizer/download/uspi_exubera.pdf]. New York, NY:
Pfizer Inc

51. Riddle MC, Drucker DJ: Emerging therapies mimicking the
effects of amylin and glucagon-like peptide 1.  Diabetes Care
2006, 29:435-449.

52. Food and Drug Administration: FDA approves first ever inhaled
insulin combination product for treatment of diabetes.  2006
[http://www.fda.gov/bbs/topics/news/2006/NEW01304.html].

53. Dunn C, Curran MP: Inhaled human insulin (Exubera): a review
of its use in adult patients with diabetes mellitus.  Drugs 2006,
66:1013-1032.

54. Lam S, See S: Exenatide: a novel incretin mimetic agent for
treating type 2 diabetes mellitus.  Cardiol Rev 2006, 14:205-211.

55. Buse JB, Henry RR, Han J, Kim DD, Fineman MS, Baron AD, for the
Exenatide-113 Clinical Study Group: Effects of exenatide (exen-
din-4) on glycemic control over 30 weeks in sulfonylurea-
treated patients with type 2 diabetes.  Diabetes Care 2004,
27:2628-2635.

56. DeFronzo RA, Ratner RE, Han J, Kim DD, Fineman MS, Baron AD:
Effects of exenatide (exendin-4) on glycemic control and
weight over 30 weeks in metformin-treated patients with
type 2 diabetes.  Diabetes Care 2005, 28:1092-1100.

57. Kendall DM, Riddle MC, Rosenstock J, Zhuang D, Kim DD, Fineman
MS, Baron AD: Effects of exenatide (exendin-4) on glycemic
control over 30 weeks in patients with type 2 diabetes
treated with metformin and a sulfonylurea.  Diabetes Care
2005, 28:1083-1091.

58. Heine RJ, Van Gaal LF, Johns D, Mihm MJ, Widel MH, Brodows RG,
for the GWAA STudy Group: Exenatide versus insulin glargine
in patients with suboptimally controlled type 2 diabetes: a
randomized trial.  Ann Intern Med 2005, 143:559-569.

59. Mikhail NE: Is exenatide a useful addition to diabetes therapy?
Endocr Pract 2006, 12:307-314.

60. U.S.Food and Drug Administration: Exenatide (marketed as
Byetta) information.  2007.

61. Byetta [prescribing information]  2007 [http://pi.lilly.com/us/
byetta-pi.pdf]. San Diego, CA: Amylin Pharmaceuticals, Inc

62. Lebovitz HE: Therapeutic options in development for man-
agement of diabetes: pharmacologic agents and new tech-
nologies.  Endocr Pract 2006, 12(Suppl 1):142-147.

63. Charbonnel B, Karasik A, Liu J, Wu M, Meininger G, for the Sitagliptin
Study 020 Group: Efficacy and safety of the dipeptidyl pepti-
dase-4 inhibitor sitagliptin added to ongoing metformin
therapy in patients with type 2 diabetes inadequately con-
trolled with metformin alone.  Diabetes Care 2006,
29:2638-2643.

64. Januvia [prescribing information]  2007 [http://
www.merck.com/product/usa/pi_circulars/j/januvia_pi.pdf]. White-
house Station, NJ: Merck & Co., Inc

65. Rosenstock J, Brazg R, Andryuk PJ, McCrary Sisk C, Lu K, Stein P:
Addition of sitagliptin to pioglitazone improved glycemic
control with neutral weight effect over 24 weeks in inade-
quately controlled type 2 diabetes (T2DM).  In Abstract pre-
sented at: 66th Annual Scientific Sessions of the American Diabetes
Association; June 5-9, 2006 Washington, DC.  Abstract 556-P

66. Nonaka K, Kakikawa T, Sato A, Okuyama K, Fujimoto G, Hayashi N,
Suzuki H, Hirayama Y, Stein P: Twelve-week efficacy and tolera-
bility of Sitagliptin, a dipeptidyl peptidase-IV (DPP-4) inhibi-
tor, in Japanese patients with T2DM.  In Abstract presented at:
66th Annual Scientific Sessions of the American Diabetes Association; June
5-9, 2006 Washington, DC.  Abstract 537-P

67. Peck P: FDA okays sitagliptin (Januvia)-metformin combo
tablet.  2007 [http://www.medpagetoday.com/ProductAlert/Pre
scription/tb/5378].

68. Good Publication Practice for pharmaceutical companies
[http://www.gpp-guidelines.org]

69. Lepore M, Pampanelli S, Fanelli C, Porcellati F, Bartocci L, Di Vincenzo
A, Cordoni C, Costa E, Brunetti P, Bolli GB: Pharmacokinetics and
pharmacodynamics of subcutaneous injection of long-acting
human insulin analog glargine, NPH insulin, and ultralente
human insulin and continuous subcutaneous infusion of insu-
lin lispro.  Diabetes 2000, 49:2142-2148.
Page 10 of 11
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16075063
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11815505
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11815505
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11815505
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11838327
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11838327
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16847295
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16847295
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12823235
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12823235
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12823235
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10937510
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10937510
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10937510
http://www.levemir-us.com/prescribing_information.pdf
http://www.levemir-us.com/prescribing_information.pdf
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16732007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16732007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16732007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12882842
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12882842
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16873785
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16873785
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16873785
http://pi.lilly.com/us/humalog-pi.pdf
http://pi.lilly.com/us/humalog-pi.pdf
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11767232
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11767232
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11767232
http://www.novolog.com/NovoLog_Precribing_Info.pdf
http://www.novolog.com/NovoLog_Precribing_Info.pdf
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15533587
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15533587
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15533587
http://products.sanofi-aventis.us/apidra/apidra.html#Dosage%20and%20Administration] 
http://products.sanofi-aventis.us/apidra/apidra.html#Dosage%20and%20Administration] 
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15669878
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15669878
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15669878
http://www.pfizer.com/pfizer/download/uspi_exubera.pdf
http://www.pfizer.com/pfizer/download/uspi_exubera.pdf
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16443905
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16443905
http://www.fda.gov/bbs/topics/news/2006/NEW01304.html
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16740022
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16740022
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16788334
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16788334
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15504997
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15504997
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15504997
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15855572
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15855572
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15855572
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15855571
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15855571
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15855571
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16230722
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16230722
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16230722
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16772206
http://pi.lilly.com/us/byetta-pi.pdf
http://pi.lilly.com/us/byetta-pi.pdf
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16627399
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16627399
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16627399
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17130197
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17130197
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17130197
http://www.merck.com/product/usa/pi_circulars/j/januvia_pi.pdf
http://www.merck.com/product/usa/pi_circulars/j/januvia_pi.pdf
http://www.medpagetoday.com/ProductAlert/Prescription/tb/5378
http://www.medpagetoday.com/ProductAlert/Prescription/tb/5378
http://www.gpp-guidelines.org
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11118018
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11118018
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11118018


Osteopathic Medicine and Primary Care 2008, 2:4 http://www.om-pc.com/content/2/1/4
Publish with BioMed Central   and  every 
scientist can read your work free of charge

"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."

Sir Paul Nurse, Cancer Research UK

Your research papers will be:

available free of charge to the entire biomedical community

peer reviewed and published immediately upon acceptance

cited in PubMed and archived on PubMed Central 

yours — you keep the copyright

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

BioMedcentral

70. Rosenstock J, Dailey G, Massi-Benedetti M, Fritsche A, Lin Z, Salzman
A: Reduced hypoglycemia risk with insulin glargine: a meta-
analysis comparing insulin glargine with human NPH insulin
in type 2 diabetes.  Diabetes Care 2005, 28:950-955.

71. Danne T, Lüpke K, Walte K, von Schuetz W, Gall MA: Insulin
detemir is characterized by a consistent pharmacokinetic
profile across age-groups in children, adolescents, and adults
with type 1 diabetes.  Diabetes Care 2003, 26:3087-3092.

72. Becker RHA, Frick AD, Burger F, Potgieter JH, Scholtz H: Insulin
glulisine, a new rapid-acting insulin analogue, displays a rapid
time-action profile in obese non-diabetic subjects.  Exp Clin
Endocrinol Diabetes 2005, 113:435-443.

73. Garg S, Chen Y, Souhami E: Reduction in insulin dose and body
weight with pre- and post-meal insulin glulisine (GLU) versus
regular human insulin (RHI) in patients with type 1 diabetes.
In Abstract presented at: 65th Annual Scientific Sessions of the American
Diabetes Association; June 10-14, 2005 San Diego, CA.  Abstract 581-P
Page 11 of 11
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15793205
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15793205
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15793205
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14578244
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14578244
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14578244
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16151977
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16151977
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16151977
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/

	Abstract
	Background
	Overview: Disease pathology and treatment goals
	Progressive therapeutic management of type 2 diabetes
	Insulin: Benefits of early initiation
	Basal and prandial insulin
	Basal insulin

	Clinical case: A patient recently diagnosed with type 2 diabetes
	Case History
	Case discussion
	Prandial insulin
	Premixed insulin

	Clinical case: Recurrent hypoglycemia
	Case history
	Case discussion

	Newer agents
	Inhaled insulin
	Incretin mimetics
	Pramlintide
	Sitagliptin


	Conclusion
	Competing interests
	Authors' contributions
	Acknowledgements
	References

