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INTRODUCTION
An estimated 20.8 million individuals in the United States
(nearly 7% of the population) have diabetes mellitus (DM),
the vast majority of which (90%–95%) have type 2 DM.1

Although >14.6 million persons have been diagnosed with
DM, it is estimated that ~6.2 million remain undiagnosed
and thus remain untreated. An additional 41 million indi-
viduals have prediabetes (ie, impaired fasting glucose and/or
impaired glucose tolerance [IGT]) and may convert to type 2
DM.1

The goal of this article was to define glycosylated hemo-
globin (A1C) and address the contributions of fasting plas-
ma glucose (FPG) and postprandial plasma glucose (PPG)
levels to overall A1C. Elevated A1C levels correlate with 
an increased risk of cardiovascular disease (CVD) and other

complications, which are also reviewed here. Available thera-
pies and therapeutic strategies are discussed, including the
use of insulin when oral therapy alone has not maintained
glycemic control. 

MATERIALS AND METHODS
English-language articles (1990–2006) were searched on the
PubMed database using the following terms: insulin, type 2
diabetes, early insulin use, A1C, and hemoglobin A1C.

ARE TREATMENT GOALS BEING MET?
The American Diabetes Association (ADA) treatment recom-
mendations for glycemic control call for an A1C level of
<7.0%, FPG level of 90 to 130 mg/dL, and peak PPG level 
of <180 mg/dL.2 The American College of Endocrinology
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ABSTRACT
Background: Glycosylated hemoglobin (A1C) is a good indicator of a patient’s mean plasma glucose level over the pre-

vious 90 to 120 days. It can assist in determining whether fasting plasma glucose (FPG) and postprandial plasma glucose
(PPG) levels are under control in a patient with diabetes mellitus. Self-monitoring of blood glucose levels is essential to
distinguish the contributions of FPG and/or PPG when a change occurs in the A1C level.

Objectives: The goal of this article was to define A1C and address the contributions of FPG and PPG levels to overall
A1C. Elevated A1C levels correlate with an increased risk of cardiovascular disease and other complications, which are
also reviewed here. Available therapies and therapeutic strategies are discussed, including the use of insulin when oral
therapy alone has not maintained glycemic control.

Methods: English-language articles (1990–2006) were searched on the PubMed database using the following terms:
insulin, type 2 diabetes, early insulin use, A1C, and hemoglobin A1C.

Results: Several studies are presented here which demonstrate that blood glucose levels can dramatically improve
when insulin is added to the existing regimen of oral therapy or when administered alone. In recent trials, active titration
of the insulin dose to treatment target levels has been effective in improving the overall glycemic profile. Insulin glargine
and insulin detemir, long-acting insulin analogues, are safe and effective and can be used initially as basal insulin with
oral agents or with prandial insulin (regular human insulin or a rapid-acting insulin analogue [eg, insulin lispro, insulin
aspart, insulin glulisine]) if glucose levels are not well controlled with basal insulin plus oral agents. Basal-prandial
insulin regimens that utilize both long-acting and rapid-acting insulin analogues most closely resemble normal pancre-
atic insulin secretion and are effective in allowing patients to achieve recommended glycemic targets.

Conclusions: Early and persistent intensification of therapy designed to achieve glycemic goals, including the use of
oral agents and/or insulin, should be initiated at diagnosis and appropriately titrated. The contributions of FPG and PPG
to overall A1C should be closely monitored so that the most appropriate and effective treatment regimen may be imple-
mented. (Insulin. 2006;1:148–157) Copyright © 2006 Excerpta Medica, Inc.
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(ACE) recommends an even lower A1C treatment target of
≤6.5%.3 Regardless of this difference in recommended A1C
levels, most experts agree that the target A1C level should be
as close to normal (ie, 4.5%–6.0%) as possible without caus-
ing hypoglycemia or other adverse events.

According to the National Health and Nutrition Exami-
nation Survey (NHANES), however, only 49.8% of adults
with DM in the United States are achieving the ADA target
A1C level of <7.0%.4 Furthermore, only 7.3% of adults with
DM achieve simultaneous control of plasma glucose levels
and other measures of risk for CVD, such as blood pressure
control and normal serum cholesterol levels.5 Despite the
abundance of treatment options that include several differ-
ent classes of oral and injected antidiabetic medications as
well as numerous types of insulin (both human and ana-
logue with various time–action profiles), treatment goals are
not being met in a large number of patients.

IMPORTANCE OF MEASURING 
GLYCOSYLATED HEMOGLOBIN 
Treatment goals in the consensus guidelines from the ADA
and ACE refer to A1C as the determinant of optimal glycemic
control.2,3 Therefore, it is important to address the following
basic questions: “What is A1C, and what does it measure?”
and “How is it an indicator of glycemic control?” 

Definition of Glycosylated Hemoglobin
Approximately 90% of hemoglobin is adult-type hemo-

globin A in adults with no hemoglobinopathies such as HbS
or HbC traits, which consists of A0 and the chemically modi-
fied subgroups A1C, A1B, A1A1, and A1A2. These minor
components of hemoglobin A are slightly modified but 
provide a window through which the chemical makeup of
blood can be measured. Hemoglobin A1C is a minor compo-
nent of hemoglobin to which glucose is bound.

A1C values are directly proportional to the concentration
of glucose in the blood over the full lifetime of the red blood
cells and therefore reflect mean glycemia over the previous
90 to 120 days. Because of this, A1C values are not subject to
the fluctuations that are seen with daily blood glucose moni-
toring.6 Approximately 50% of the A1C value reflects the
past 30 days and ~10% of the value reflects the preceding 90
to 120 days.6

Rationale for Current Glycosylated 
Hemoglobin Targets

The current A1C goals are based on years of epidemio-
logic data and results of large prospective studies, including
the United Kingdom Prospective Diabetes Study (UKPDS)

and the Diabetes Control and Complications Trial
(DCCT).7–12 In the 10-year follow-up to the UKPDS, patients
with type 2 DM who were treated intensively had a mean
A1C level of 7.0% (range, 6.2%–8.2%) and those treated 
conventionally had a mean A1C level of 7.9% (range,
6.9%–8.8%). Those patients with lower A1C levels had a 12%
lower risk for any DM-related end point (eg, death from
hyperglycemia or hypoglycemia, myocardial infarction,
amputation, retinal coagulation) (P = 0.029). The greatest
reduction in risk (25%) came from a reduced possibility of
microvascular end points (P < 0.01), such as the need for reti-
nal photocoagulation.10 Furthermore, data from long-term
follow-up of the DCCT—known as the Epidemiology of
Diabetes Interventions and Complications Study—have
revealed that patients with type 1 DM who originally achieved
intensive glycemic control sustained benefits with respect to
micro- and macrovascular disease risk despite subsequent
lessening of glycemic control.13–15 This suggests there is
“metabolic memory,” as the physiologic benefits are sustained
beyond the initial intensive period of glycemic control.

Data from the UKPDS demonstrated a correlation
between A1C levels and the relative risk for DM complica-
tions. After following up 3642 patients for 10 years, UKPDS
data showed that for each 1% reduction in A1C, there was 
a corresponding 21% decrease in any DM-related end point
(P < 0.001), including 21% in DM-related deaths (P < 0.001),
14% in myocardial infarction (P < 0.001), and 37% in
microvascular complications (P < 0.001).9 The lowest risk of
complications was associated with an A1C level <6%.
Interestingly, another study of 4662 men and 5570 women
found that higher A1C levels were associated with mortal-
ity in patients with or without DM, regardless of age, body
mass index, waist-to-hip ratio, systolic blood pressure,
serum cholesterol, cigarette smoking, or history of CVD.7

However, in an analysis after a mean 6-year follow-up that
examined the association of A1C levels with mortality, the
risk was 2 to 4 times greater in men with DM than in men
without DM and ~1.5 to 2 times higher in those with predia-
betes.8 An increase in A1C of 1% was associated with an
increased risk of 28% for death that was independent of age,
blood pressure, serum cholesterol, body mass index, and
cigarette smoking.8

To monitor glycemic control and prevent DM-related
CVD, A1C measurement is considered the gold standard in
patients with DM.10,12 The ADA and ACE guidelines call for
regular assessment of glycemic control using periodic mea-
surements of A1C levels.2,3 Daily assessments of glycemic
control should include regular self-monitoring of fasting
preprandial and postprandial glucose levels to make appro-
priate adjustments in antidiabetic medications.

Contribution of Fasting and Postprandial Glucose 
to Glycosylated Hemoglobin

It has been shown that A1C levels are strongly correlated
with mean plasma glucose levels (Table I).6,16 FPG levels are
physiologically determined by the rate of hepatic glucose
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of optimal glycemic control.
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production, which is a function of the rate of insulin produc-
tion, hepatic sensitivity to insulin levels, and free fatty acid
concentrations.17 However, PPG levels or excursions are
influenced by preprandial glucose level as well as meal-
induced insulin secretion, meal glucose load, and sensitivity
of peripheral tissue to insulin.11,18 For maximal reduction of
A1C, assessments of preprandial and postprandial glucose
levels are necessary as part of a DM management program.

A recent study examined the relative contributions of 
FPG and PPG levels in relationship to A1C levels.16 The
researchers found that the relative contribution of PPG excur-
sions to A1C levels is predominant in patients whose DM is
well controlled, whereas the contribution of fasting hyper-
glycemia to A1C levels increases gradually as DM worsens.
At lower A1C levels (ie, <7.3%), the contribution of PPG lev-
els was 2 times greater than that of fasting hyperglycemia;
however, for those patients with A1C levels >10.2%, the
reverse was true. The contribution of fasting hyperglycemia
to A1C levels was 2 times greater than the contribution of
postprandial hyperglycemia (Figure 1).16 The crossover from
primarily postprandial to fasting hyperglycemia contribution
occurred at an A1C level of ~8.4%. These results suggest that
there is a continuous spectrum for the contribution of post-
prandial and fasting hyperglycemia to A1C levels, which cor-
relates with progressive worsening of DM and glycemic
control. This has important clinical implications because as 
a patient approaches the target A1C level of <7.0%, PPG
becomes an increasingly significant consideration.16

CARDIOVASCULAR RISK ASSOCIATED 
WITH HYPERGLYCEMIA
Elevated FPG levels are correlated with increased micro- 
and macrovascular disease risk.10,12,19–21 Postprandial hyper-
glycemia is often neglected as a cardiovascular risk factor.
However, several epidemiologic and cross-sectional studies
have demonstrated a link between postglucose challenge or
PPG elevations and heightened cardiovascular risk; other
researchers have reviewed this topic.11,22,23 A comprehensive
meta-analysis revealed that isolated postprandial hyper-
glycemia (2-hour postprandial glucose >140 mg/dL), even
with a normal FPG (<110 mg/dL), is associated with a car-
diovascular event risk of 1.58 (95% CI, 1.19–2.10) relative to
a fasting glucose level of 75 mg/dL.24 Thus, postprandial
hyperglycemia is an independent risk factor for develop-
ment of CVD. Moreover, patients whose fasting glucose lev-
els are below the threshold for a diagnosis of DM may still
be at increased risk of experiencing the complications asso-
ciated with elevated glucose levels.24

Other important studies that demonstrate the relation-
ship between glycemic control and increased cardiac risk
include the Diabetes Epidemiology: Collaborative Analysis
of Diagnostic Criteria in Europe (DECODE) study, the
Norfolk cohort of the European Prospective Investigation of
Cancer (EPIC) study, the Cardiovascular Health Study, the
NHANES II Mortality Study, the Funagata Diabetes Study,
and the Hoorn Study.7,8,25–29 All of these studies have shown
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Table I. Correlation between glycosylated hemoglobin (A1C) and mean plasma glucose (MPG) levels.

Approximate MPG 
Regression-Estimated MPG for Clinical Use

A1C, % mmol/L mg/dL mmol/L mg/dL

4.0 3.6 65 3.5 65
5.0 5.6 101 5.5 100
6.0 7.6 137 7.5 135
7.0 9.6 172 9.5 170
8.0 11.5 208 11.5 205
9.0 13.5 244 13.5 240
10.0 15.5 279 15.5 275
11.0 17.5 315 17.5 310
12.0 19.5 350 19.5 345

Copyright © 2002 American Diabetes Association. From Diabetes Care, Vol. 25, 2002:275–278.6 Modified with
permission from The American Diabetes Association.

Patients whose fasting glucose levels are below the thresh-
old for a diagnosis of DM may still be at increased risk

of experiencing the complications associated with elevated
glucose levels.

For maximal reduction of A1C, assessments of prepran-
dial and postprandial glucose levels are necessary as

part of a DM management program.
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an association between increased risk for CVD and increas-
ing fasting and postprandial glucose levels or elevated A1C.
In the DECODE study, glucose levels after the 2-hour glu-
cose challenge were better predictors of deaths from all
causes (P < 0.001) and risk of CVD (P < 0.005) than were the
fasting blood glucose (FBG) levels.25 This study found that
PPG is an independent risk factor for predicting mortality.

The Cardiovascular Health Study and the Norfolk cohort
of the EPIC study demonstrated an association between
increased risk for CVD and elevated glucose levels or A1C,
respectively, for subjects who would not necessarily be clas-
sified as having DM according to the ADA guidelines.7,30

However, the World Health Organization (WHO) definition
includes impaired fasting glucose as well as IGT as the crite-
ria for DM. Using this definition, the number of cases of
CVD attributable to IGT or newly diagnosed DM was 3
times higher than the number ascertained by the ADA defi-
nition, which only includes FBG level as the criterion for
diagnosing DM. Although the ADA criterion for diagnos-
ing DM based on FBG levels is lower than that put forth 
by the WHO (>7.0 mmol/L [126 mg/dL] vs >7.8 mmol/L
[140 mg/dL]), the contribution of a 2-hour glucose tolerance
criterion (≥7.8 mmol/L [140 mg/dL] and <11.1 mmol/L
[200 mg/dL]) in the WHO definition revealed a greater 
sensitivity for predicting CVD.30 Similarly, the NHANES II

Mortality Study showed that the risk increase for all-cause
mortality was 40% higher in adults with IGT (FBG, 
<140 mg/dL; 2-hour glucose tolerance, >140 to <199 mg/dL)
compared with adults with normal glucose tolerance.27

Although the risk rose with increased glucose levels (fasting
and postchallenge), these studies suggest that even moder-
ate elevations in glucose levels can increase the risk of CVD
and mortality.

The importance of IGT as a measure of risk for mortality
and CVD was also shown in the Hoorn Study.28 This trial
revealed that the 2-hour glucose tolerance test was more sen-
sitive than A1C levels at predicting the risk of death from all
causes and CVD regardless of whether the subjects had DM.
Even after excluding patients with newly diagnosed DM
and known cardiovascular risk, a 2.20 and 3.00 relative risk
for death from all causes and CVD, respectively, was associ-
ated with a 5.8-mmol/L (104-mg/dL) increase above normal
in postchallenge glucose levels.28

Mechanisms Underlying Hyperglycemia 
and Cardiovascular Damage

The proposed mechanisms by which increases in plasma
glucose levels may produce cardiovascular damage involve
inflammation and oxidative stress (Figure 2).11,31–33

Increased glucose uptake by cells ultimately results in acti-
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Figure 1. Relative contributions of postprandial and fasting hyperglycemia to the overall diurnal hyperglycemia according
to quintiles of glycosylated hemoglobin (A1C). *Significant difference was observed between postprandial
plasma glucose (PPG) and fasting plasma glucose (FPG) (paired t test); †significantly different from all other quin-
tiles (analysis of variance); ‡significantly different from quintile 5 (analysis of variance). Copyright © 2003
American Diabetes Association. From Diabetes Care, Vol. 26, 2003:881–885.16 Reprinted with permission from
The American Diabetes Association.
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vation of diacylglycerol and protein kinase C, which in turn
can decrease nitric oxide (a vasodilator) and increase
endothelin-1 and plasminogen activator inhibitor–1 (which
may lead to increased vascular contractility and coagula-
tion).11,32 In addition, glycosylation of extracellular proteins,
such as low-density lipoprotein, renders them even more
atherosclerotic and subject to increased oxidation.11 Hyper-
glycemia also increases the generation of free radicals, which
could further contribute to abnormalities in the proteins
involved with coagulation and vascular health.11 The end
result is an increase in cell proliferation, coagulability, vascu-
lar permeability, and matrix formation and a decrease in 
fibrinolysis and vasodilation, which are known factors for
increased risk of atherosclerosis.11

ATTAINING OPTIMAL CONTROL OF FASTING 
AND POSTPRANDIAL GLUCOSE LEVELS
Because fasting and postprandial glucose control are essen-
tial for reducing cardiovascular risk, insulin therapy alone or
in combination with oral agents is highly effective treatment
for improving long-term glycemic control in patients with

type 2 DM.10,34,35 The optimal, individualized use of these
agents must address the challenge of how to achieve both
fasting and postprandial glucose control.22 Therapy typi-
cally begins with oral monotherapy or combination therapy
with metformin. If necessary, the addition of a sulfonylurea,
thiazolidinedione, or  incretin mimetic agent to a metformin-
based regimen can help patients achieve glycemic control
and may delay the need for insulin therapy.36,37 Indeed, with
proper nutrition and exercise, many patients can maintain
glycemic control over a long period of time with oral antidia-
betic therapy. However, when oral therapy is no longer suf-
ficient to maintain glycemic control, insulin therapy should
be considered.
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Hyperglycemia

Polyol-hexosamine
pathways

Free
radicals

Glycation

↑ PKC/DAG

↓ NO, ↑ matrix proteins,
↑ growth factors, ↑ PAI-1,↑ ET-1

↑ Cell proliferation, ↑ coagulability, ↓ fibrinolysis,
↓ vasodilation, ↑ permeability, ↑ matrix formation

Increased risk for atherogenesis

Figure 2. Mechanisms by which hyperglycemia may increase risk of macrovascular disease. PKC = protein kinase C; 
DAG = diacylglycerol; NO = nitric oxide; PAI-1 = plasminogen activator inhibitor–1; ET-1 = endothelin-1.
Reprinted with permission from Gerich.11

With proper nutrition and exercise, many patients can
maintain glycemic control over a long period of time

with oral antidiabetic therapy. However, when oral therapy
is no longer sufficient to maintain glycemic control, insulin
therapy should be considered.
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A stepwise approach to the initiation of insulin therapy
can begin with adding  basal insulin to the existing oral ther-
apy regimen.35 This strategy allows for the addition and ini-
tiation of a QD insulin dose to achieve A1C target levels.
Basal insulin therapy corrects FPG levels but also improves
the overall glycemic profile.38 Basal insulin therapy can also
lower postprandial glucose levels because the baseline fast-
ing glucose, on which prandial glucose excursions are super-
imposed, is lowered.35,39 The most commonly used options
for basal insulin are neutral protamine Hagedorn (NPH)
insulin and insulin glargine. Recently, insulin detemir, a
long-acting insulin analogue, has received approval from the
US Food and Drug Administration for use as a basal insulin.
NPH, an intermediate-acting insulin, typically has a pro-
nounced peak effect within 4 to 10 hours of administration
before returning to baseline levels within 10 to 16 hours.35,40

In contrast, insulin glargine and insulin detemir are long-
acting insulin analogues. Insulin glargine provides insulin
delivery over a 24-hour period with no pronounced
peak.35,40 Insulin detemir appears to have a relatively shorter
time–action profile, which necessitates BID injections in
patients with type 1 DM.41

Several studies have demonstrated that basal insulin can
be titrated safely and effectively to attain glycemic con-
trol.34,42–44 Although insulin glargine and NPH insulin can
be used to achieve A1C targets, insulin glargine has been
shown to cause significantly fewer episodes of hypo-
glycemia compared with NPH insulin, including severe
hypoglycemia (P < 0.045) and nocturnal hypoglycemia (P <
0.001), thus removing a considerable barrier to the initiation
and use of insulin.45

The Treat-to-Target Trial demonstrated the efficacy of QD
basal insulin therapy in combination with oral therapy.34 In
this study, a single bedtime injection of long-acting insulin
(insulin glargine or NPH insulin) was added to the preexist-
ing oral antidiabetic treatment regimen.34 The insulin dose
was systematically titrated until a defined fasting glucose
target of ≤100 mg/dL was achieved (Table II).34 During the
24 weeks of treatment, insulin glargine and NPH insulin
treatment substantially lowered  A1C levels, with 58.0% and
57.3% of patients, respectively, achieving A1C levels ≤7.0%.
However, more patients in the insulin glargine group than in
the NPH insulin group reached target A1C levels without
any episodes of hypoglycemia (33.2% vs 26.7%; P < 0.05).34

Nearly 25% more patients treated with insulin glargine than
with NPH insulin reached target A1C levels of ≤7.0% with-
out nocturnal hypoglycemia. Moreover, the overall inci-
dence of any hypoglycemic event (eg, plasma-referenced
glucose <72 mg/dL) and severe hypoglycemia (eg, patient
required assistance of another person, and had a glucose
level of <56 mg/dL or prompt recovery after glucose or
glucagon use) was lower with insulin glargine than with
NPH insulin.34 Furthermore, this study demonstrated the
importance of actively titrating the insulin dose to target
FBG levels for patients to achieve glycemic control. An alter-
native titration scheme has recently been validated; patients

are instructed to increase their insulin glargine dosage by 
2 units every 3 days (or twice a week) until a mean FPG of
100 mg/dL is achieved.46

A recent meta-analysis of controlled trials of similar design
for insulin glargine versus NPH insulin QD or BID in adults
with type 2 DM confirmed that insulin glargine given QD re-
duces the risk of hypoglycemia compared with NPH insulin.45

This finding facilitates more aggressive insulin treatment to an
A1C target of ≤7.0%. These results are consistent with an ear-
lier meta-analysis that determined the relationship between
A1C and hypoglycemia for 1786 patients with type 2 DM.47

The investigators concluded that at equivalent rates of either
confirmed symptomatic hypoglycemia or confirmed noctur-
nal hypoglycemia, use of insulin glargine was associated with
lower A1C levels compared with NPH (Figure 3).47

When necessary, prandial insulin (regular human insulin
[RHI] or a rapid-acting insulin analogue) can be added to 
the appropriate meal or meals when basal insulin in combi-
nation with oral agents is no longer sufficient to provide
adequate glycemic control.35 This offers a simple, straight-
forward, and stepwise approach to correcting fasting and
postprandial glucose excursions in patients with type 2 DM.
Therapeutic options for prandial insulin include short-
acting RHI or the newer rapid-acting insulin analogues.
Currently available rapid-acting insulin analogues include
insulin lispro, insulin aspart, and insulin glulisine. The use
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Table II. Forced weekly insulin titration schedule.

Start with 10 IU/d bedtime basal insulin and adjust weekly

Increase in
Mean of Self-Monitored FPG Insulin Dose, 
Values from Preceding 2 Days IU/d*†

≥180 mg/dL (10.0 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

FPG = fasting plasma glucose.
*The treat-to-target FPG level was ≤100 mg/dL. Exceptions to
this algorithm were: (1) No increase in dosage if plasma-
referenced glucose <72 mg/dL was documented at any time
in the preceding week; and (2) in addition to no increase,
small insulin dose decreases (ie, 2–4 IU/d per adjustment)
were allowed if severe hypoglycemia (requiring assistance) or
plasma-referenced glucose <56 mg/dL were documented in
the preceding week.

†An alternative titration scheme has been recently validated by
instructing patients to increase their insulin glargine dosage by
2 units every 3 days (or twice a week) until a mean FPG of
100 mg/dL is achieved.46

Copyright © 2003 American Diabetes Association. From Diabetes
Care, Vol. 26, 2003:3080–3086.34 Reprinted with permission
from The American Diabetes Association.
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of basal insulin combined with a rapid-acting insulin ana-
logue overcomes the difficulty of optimally controlling post-
prandial hyperglycemia that is associated with RHI
formulations. The rapid-acting analogues have a faster onset
of action (typically 5–15 minutes) and a shorter duration 
of action (typically 4–6 hours) compared with RHI.40 The
rapid-acting insulin analogues, therefore, have time–action
profiles that approach normal pancreatic insulin secretion at
mealtimes; in combination with a basal insulin, these ana-
logues provide a more physiologic insulin response to post-
prandial glucose excursions.35

Alternatively, basal-prandial therapy can be initiated by
using premixed or split-mixed insulin formulations (eg,
70/30 NPH insulin/RHI).35,48 Although premixed insulin
preparations offer the convenience of BID insulin adminis-
tration (ie, in the morning and in the evening), these formu-
lations increase the risk of hypoglycemia because they
require fixed dosing without titration of individual com-
ponents and do not allow for mealtime flexibility.40,49

Furthermore, these formulations do not approximate physio-
logic basal and prandial coverage as well as the use of a
rapid-acting insulin analogue in combination with a basal
insulin such as insulin glargine, insulin detemir, or NPH.35

INSULIN PUMP THERAPY
Insulin pump therapy (also called continuous subcutaneous
insulin infusion [CSII] is a very flexible and effective method
to approximate physiologic insulin dynamics. This thera-
peutic option may be associated with additional advantages,
such as the ability to rapidly respond to hypoglycemia and
changes in physical activity. CSII users must have the moti-
vation and the ability to frequently test their glucose levels,
as well as the decision-making skills to adjust therapy based
on the results of the monitoring data.50

CONCLUSIONS
A1C is the gold standard for assessing and monitoring
glycemic control in patients with DM. Given the close asso-
ciation between elevated A1C levels and the increased risk
of CVD and other DM complications, A1C provides a mea-
sure of how well FPG and PPG levels are within recom-
mended guidelines. However, because measurement of
A1C does not discriminate between the respective contribu-
tions of fasting and postprandial glycemia, continuous self-
monitoring of blood glucose levels is important to
distinguish between the FPG and postprandial contribution
to hyperglycemia.
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Several studies have shown a correlation of post-
prandial glucose levels with cardiovascular risk, and it is
therefore important for the insulin therapy regimen to 
correct fasting and postprandial glucose excursions. Basal
insulin therapy provides a reduction in FPG levels as 
well as a lowering of the overall glycemic profile. When
basal insulin therapy, in combination with oral agents, 
is no longer sufficient, it may become necessary to add 
a prandial insulin to prevent postprandial hyperglycemia.
Given all the available options for controlling hyper-
glycemia—including oral agents, insulin analogues, and
emerging therapies—the therapeutic decision-making
process may appear complex. Fortunately, with the cur-
rent expansion of the options to treat DM and its complica-
tions, patient and physician can work together as a team 
to determine the best therapy to obtain optimal glycemic
control.
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