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INTRODUCTION
Communities nationally and globally are confronting an epi-
demic of type 2 diabetes mellitus (DM) due to changes in
lifestyle.1,2 Aggressive therapy is becoming the standard of
care to prevent long-term complications of DM. However,
according to some reports,3,4 overall glycemic control remains
unsatisfactory. Many treatment options exist for patients
with type 2 DM, including dietary changes, physical activity,
oral antidiabetic drugs (OADs), the new injectable medica-
tions (eg, pramlintide, exenatide), and insulin. In addition 
to the timing and dose of insulin initiation, type of insulin
and frequency of injection are key factors to consider when
choosing a particular regimen. Several different types of in-
sulin exist, each with its own pharmacokinetic (PK) proper-
ties and duration of action.

In general, insulins are classified according to duration of
action: rapid-, short-, intermediate-, and long-acting types. A
combination of intermediate- and long-acting (basal) insulin
and rapid- or short-acting (bolus) insulin is frequently neces-
sary to achieve good glycemic control that is as close as pos-
sible to the physiologic pattern of insulin secretion from
healthy pancreatic β-cells. However, regimen complexity, pa-
tient preference, and other practical factors may dictate the
treatment option chosen. Often, simplicity and convenience
must be balanced against metabolic control. For example, a
regimen requiring only 1 or 2 injections of long-acting insulin
may encourage compliance but lead to suboptimal pran-
dial control. On the other hand, a true basal-bolus regimen
of ≥4 daily injections may enhance control but discourage
compliance.
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ABSTRACT
Background: Intensive, target-oriented therapy is the standard of care in the management of patients with type 2 dia-

betes mellitus (DM). Early and aggressive use of insulin that is as close as possible to the physiologic pattern of insulin
secretion from healthy pancreatic β-cells is advocated to achieve glycemic goals and reduce complications of DM.

Objective: The objective of this article was to review the characteristics, advantages, and drawbacks of premixed
insulin analogues and to evaluate their role in the treatment of patients with type 2 DM.

Methods: A PubMed search of articles from 1990 to 2006 was undertaken using the search terms type 2 diabetes, basal-
bolus therapy, premixed insulins, biphasic insulins, and insulin analogues. Pertinent content from relevant articles was
extracted and combined with the authors’ knowledge, experience, and clinical expertise.

Results: The advent of insulin analogues has streamlined the treatment of patients with DM. When to initiate insulin
during the course of treatment is the subject of much debate. Insulin therapy targeting both fasting and postprandial
hyperglycemia is important in achieving optimal blood glucose (BG) control in patients with type 2 DM. A practical and
feasible option is the use of ≥1 injection of premixed insulin analogues. Premixed insulin preparations provide both basal
and prandial coverage because of their biphasic pharmacokinetic properties. Clinical trials have shown that these agents
improve glycemic control, are associated with an acceptably low rate of severe hypoglycemia, and have a high degree of
patient acceptance. Limitations include the inability to adjust the long- and short-acting components separately, to use a
flexible regimen of self-titration and premeal bolus-insulin calculations, and to adequately treat postlunch and early-
morning BG elevations.

Conclusion: Clinicians should be aware of premixed insulin analogues’ advantages and limitations so that these agents
can be used appropriately in the treatment of patients with type 2 DM. (Insulin. 2007;2:68–79) Copyright © 2007 Excerpta
Medica, Inc.
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Premixed insulins offer an attractive option between these
2 extremes; they deliver both rapid- and long-acting insulin
components in a single convenient injection. Because the pri-
mary barrier to achieving good glycemic control remains
lack of insulin use in patients who can benefit from it, pre-
mixed insulins can potentially help an important subset of
patients.

These preparations are composed of a single type of
insulin that is γ modified to have dual-action PK profiles (a
short-acting peak and a longer basal release) and are bipha-
sic rather than truly premixed (eg, a mixture of neutral pro-
tamine Hagedorn [NPH] and regular human insulin [RHI]).
However, in keeping with commonly used nomenclature,
the term premixed is used in this article.

The objective of this article was to review the characteris-
tics, advantages, and drawbacks of premixed insulin ana-
logues and to evaluate their role in the treatment of patients
with type 2 DM.

MATERIALS AND METHODS
A PubMed search of articles from 1990 to 2006 was under-
taken using the search terms type 2 diabetes, basal-bolus thera-
py, premixed insulins, biphasic insulins, and insulin analogues.
Pertinent content from relevant articles was extracted and
combined with the authors’ knowledge, experience, and
clinical expertise.

THE PROGRESSIVE NATURE OF TYPE 2 DIABETES
MELLITUS AND UNDERUSE OF INSULIN THERAPY
The United Kingdom Prospective Diabetes Study,5 the
largest trial of glycemic control in type 2 DM, found that DM
progresses inexorably when patients are treated with the
OADs metformin and glyburide, and escalation of OAD
therapy is needed to maintain glycemic control. The tradi-
tional approach to treatment of patients with type 2 DM is
OAD monotherapy, often in a sequential manner, slowly
progressing to combination treatment and eventually to
insulin.6

In contrast to treatment of patients with type 1 DM,
insulin is not considered an essential component of therapy
in patients with type 2 DM, and its role in type 2 DM is not
clearly defined. It is commonly relegated to “last-resort” use,
when all other avenues have been exhausted.7 Providers
may be reluctant to initiate insulin therapy due to “clinical
inertia,”8 while most patients’ well-known aversion to injec-
tion increases the delay in insulin initiation. Studies have
shown that insulin therapy is started too late in the course 
of DM due to provider and patient resistance and lack of
awareness about potential benefits.9,10 Although clinicians

worry about hypoglycemia, weight gain, and increased car-
diovascular risk, these concerns have been shown to be
unfounded.11

Early use of insulin in the setting of progressive deterio-
ration of metabolic control is advocated in patients with type
2 DM to attain optimal recommended glycemic targets.12,13

Studies have demonstrated the benefits of basal, as well as
mealtime, short-acting insulin.14,15 Early, intensive insulin
therapy is now advocated to improve glycemic control and
reduce the risk of complications in patients with type 2
DM.16

In addition to insulin’s PK properties, a patient’s blood
glucose (BG), carbohydrate intake, and physical activity lev-
els help determine the dose and pattern of insulin needed. It
is not enough to start a patient on insulin—a critical element
is its proper, physiologic use.

THE BASAL-BOLUS CONCEPT OF INSULIN
ADMINISTRATION
The method of delivery of multiple-dose insulin injections in
patients with type 2 DM has changed in recent years. Insulin
therapy is commonly initiated by adding once- or twice-
daily long-acting insulin to existing OAD monotherapy or
multitherapy. This therapeutic approach commonly results
in improved glycemic control, but it can cause several prob-
lems. Hypoglycemia, especially nocturnal, is always a con-
cern and a possible adverse effect of insulin therapy. The
long-acting insulin analogues detemir and glargine go some
way in addressing this issue.17,18 In addition, inadequate
monitoring and titration after initiation of insulin therapy
can result in suboptimal control.

The latest concept in BG management is that of limiting
glycemic variability, which proposes that frequent and ex-
treme BG variations are risk factors for heightened endo-
vascular inflammation, oxidative stress, and possibly clini-
cally evident vascular complications in patients with DM
independent of glycosylated hemoglobin (A1C) value.19

Perhaps the most problematic barrier to achieving good
glycemic control is the issue of meal-associated hypergly-
cemia, which many advocate should be treated aggres-
sively.20 Basal insulin replacement can lower fasting and
premeal BG readings, but its limitation is revealed in the
form of postprandial hyperglycemia, resulting in persis-
tently elevated A1C levels.21 A1C level has been shown to be
an independent risk factor for cardiovascular disease, and
how postprandial versus fasting BG elevations contribute to
the overall burden of hyperglycemia appears to be more sig-
nificant when A1C levels are lower, but still above goal, for
most patients.14 In other words, basal insulin therapy will
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extremes; they deliver both rapid- and long-acting

insulin components in a single convenient injection.
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reduce an extremely high A1C but will not, by itself, help
patients attain the desired A1C goal of as close to 6.0% as
possible unless meal-associated glycemic excursions are also
addressed.

To mimic the function of the healthy pancreas, therapy
must therefore address both fasting and postmeal hyper-
glycemia. Frequent premeal and postmeal BG self-monitoring
is necessary to identify trends, manage patterns, and imple-
ment the “basal-bolus” concept.22 Each component of this
regimen comes from a different type of insulin with a spe-
cific and predictable PK profile. Doses are adjusted based on
daily self-monitored BG readings that reveal the pharma-
codynamic (PD) characteristics of the different insulins, with
the aim of dovetailing insulin to BG levels; this helps pa-
tients minimize glycemic variations and achieve an individ-
ually targeted A1C level. 

A combination of intermediate- or long-acting (eg, NPH
or insulin glargine or detemir) and short- or rapid-acting (eg,
RHI or insulin lispro, aspart, or glulisine) insulins may be
used in several different ways. Separate injections of insulin
can be mixed in the same syringe if timing and compatibility
allow or they can be used in insulin pen devices. Such an
approach can work well for meticulous patients who check
BG levels several times a day and do not mind multiple daily
injections or mixing varying doses of insulin. However,
many patients may consider this detailed method of insulin
administration to be overwhelming and inconvenient. 

One solution is to use insulins that are already mixed in a
fixed ratio of short-acting and basal components—premixed
insulins. Premixed insulins can provide both meal and
“background” coverage and theoretically address fasting,
nocturnal, and prandial aspects of BG management.
Premixed insulins can be either human (RHI and NPH) mix-
tures or analogues. 

PREMIXED INSULIN ANALOGUE PREPARATIONS
The advent of recombinant DNA technology has introduced
new, synthetic insulins with improved time–action profiles by

making them more similar to physiologic insulin release,
avoiding insulin-glucose mismatch, and minimizing intra-
individual variability. Analogues can be long acting or rapid
acting. The profiles of 2 rapid-acting analogues have been fur-
ther modified, creating biphasic—or premixed—preparations.

Currently available premixed insulin analogues include
insulin aspart 70/30 (NovoLog® Mix 70/30; Novo Nordisk
Inc., Princeton, New Jersey), insulin lispro 75/25 (Humalog
Mix® 75/25™; Eli Lilly and Company, Indianapolis, Indiana),
and insulin lispro 50/50 (Humalog Mix® 50/50™; Eli Lilly
and Company). In Europe, insulin aspart 70/30 and insulin
lispro 75/25 are known as NovoMix® 30 and Humalog® Mix
25™, respectively. These dual-release formulations combine a
25% to 50% soluble, rapid-acting component with a protami-
nated insulin analogue portion that has a prolonged duration
of action. The result is a product that provides biphasic cov-
erage. Compared with human premixed insulins, the pre-
mixed biphasic analogues have a faster onset of action (5–
15 minutes) and earlier peak (1–2 hours) for the first compo-
nent and a relatively peakless second component lasting 
≤16 hours.23,24 These characteristics lead to an improved 
PD effect, with favorable biochemical and physiologic BG-
lowering actions in vivo (Figure 1).

The premixed insulin analogues have several clinical
advantages. These preparations’ rapid-acting components
are absorbed faster and provide better postprandial cover-
age compared with human insulin premixed formulations.
They possess a more physiologic time–action profile, there-
by theoretically lowering the risk of hypoglycemia, espe-
cially at night. Patients can conveniently time their injections
0 to 15 minutes before eating. The analogues can even be
administered immediately after mealtime if eating patterns
or amounts are unpredictable. Thus, there would conceiv-
ably be less worry about both day and nocturnal hypo-
glycemic episodes.

EVIDENCE FOR THE USE OF PREMIXED INSULIN
ANALOGUES FROM CLINICAL TRIALS
Human premixed insulins have long been a popular way to
treat patients with type 2 DM. Their limitations include the
inflexible necessity for injection 30 minutes before meals, a
high incidence of hypoglycemia, and the difficulty some
patients experience in using them to optimize BG control 
in everyday living. Because of their favorable PK and PD
properties,24–26 premixed insulin analogues have a distinct
advantage over human premixed insulin. They can be inject-
ed at or after a meal, making them much more flexible 
and patient-friendly than human premixed insulins.27–29

Hermansen et al30 also demonstrated that both types of pre-
mixed analogues (lispro mix 25 or lispro 75/25 and biphasic
insulin aspart 30 [BIAsp 30] or aspart 70/30) achieved better
postprandial BG control than premixed human insulins. In
that trial, BIAsp 30 also demonstrated better postprandial
BG control than lispro mix 25, most likely due to its higher
proportion of fast-acting insulin. Similar results were seen
when Boehm et al31 compared BIAsp 30 with human pre-
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To mimic the function of the healthy pancreas, therapy
must address both fasting and postmeal hyperglycemia.
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Figure 1. (A) Glucose infusion rates and (B) serum insulin concentrations (mean [SE]) after SC injection of either premixed
rapid-acting analogue insulin aspart (30/70 IA) or a mixture of soluble regular human insulin/neutral prota-
mine Hagedorn (30/70 HI). Copyright © 1997 American Diabetes Association. From Diabetes Care, Vol. 20,
1997;1612–1614.24 Reprinted with permission from The American Diabetes Association.
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mixed insulin. Other studies32,33 have shown that compared
with premixed human insulins, premixed insulin analogues
are associated with markedly less hypoglycemia, especially
nocturnal hypoglycemia.

Insulin analogue mixtures are intended for twice-daily
injection—before breakfast and the evening meal. Large
clinical studies have revealed that when used in this manner,
they can achieve superior control compared with a single
daily injection of a basal insulin analogue, a widely used
treatment option when insulin therapy is initiated in pa-
tients with type 2 DM. A recent publication reports on a
study comparing the PK and PD aspects of these 2 types of
insulins.34 In a euglycemic clamp setting, BIAsp 30, given as
2 split doses, was compared with a single dose of insulin
glargine; AUC for insulin plasma levels and glucose infiltra-
tion rate (GIR) were measured. The total daily dose of both
insulins was the same (0.5 U/kg). The PK and PD profiles, as
measured by the plasma insulin and GIR, were 28% and 32%
greater after 2 SC doses of BIAsp 30 compared with 1 dose 
of insulin glargine. The authors also found that plasma 
C-peptide concentrations fell below baseline after both in-
jections of BIAsp 30 but remained unaltered after insulin
glargine injection. They surmised that an acute prandial
delivery of insulin may protect pancreatic β-cells from exces-
sive stimulation (providing β-cell “rest”) and thereby slow
cell death in patients with type 2 DM.

In the 28-week, treat-to-target INITIATE study,35 BIAsp 30
was compared with insulin glargine, and both insulins were
used in combination with metformin. Doses for patients in
both groups were titrated to a strict algorithm. The primary
end point was an A1C level ≤6.5%, with an A1C level target
<7.0% as the secondary end point. Of the patients treated
with BIAsp 30, 42% reached an A1C ≤6.5% and 66% reached
an A1C level <7.0%. In the insulin glargine group, 28%
reached an A1C level ≤6.5% and 40% reached an A1C level
<7.0% (Figure 2). Only 1 patient receiving insulin glargine
had a major hypoglycemic episode, and minor hypo-
glycemia occurred more often in patients receiving pre-
mixed insulin than in those receiving insulin glargine (43%
vs 16%, respectively).

The EuroMix study36 examined the same 2 insulins as
part of 2 different regimens. A combination of BIAsp 30 plus
metformin was compared with insulin glargine plus insulin
glimepiride, both widely used treatment combinations in
patients with type 2 DM. Results were similar to those from
the INITIATE study,35 with the BIAsp 30 plus metformin

group achieving better glycemic control than the insulin
glargine plus insulin glimepiride group. In a crossover study
design, Malone et al37 demonstrated the superiority of
insulin lispro mix 25 over insulin glargine. All 3 studies
showed that the premixed insulins’ superiority compared
with insulin glargine derived from their better control of
postprandial BG values, since the level of fasting BG was
similar with both treatment regimens. None of the studies
found a higher rate of major hypoglycemia in patients using
premixed insulin analogues compared with those using the
basal-only insulin analogue. Although the frequency of
minor hypoglycemic events was higher with premixed
preparations, investigators and patients considered them
acceptable and relatively easy to manage.

Premixed insulin analogues have also been studied as a
once-daily treatment option. Recent studies37–40 have shown
that BIAsp 30 insulin can be used once daily as initial insulin
treatment in patients with type 2 DM. Garber et al41 found
that 41% of patients receiving once-daily BIAsp 30 reached
an A1C level <7.0% at the end of the first 16-week phase of
the study. A1C level with once-daily BIAsp 30 decreased
from 8.6% to 6.6%. Treatment was intensified at 16-week
intervals to aim for an A1C level ≤6.5%; if that goal was not
reached, patients added a second and then a third injection
of BIAsp 30 insulin after each study phase. At the end of the
study, 60% of patients had an A1C level ≤6.5% and 77. 0%
had an A1C level <7.0% (Figure 3). No major nocturnal
hypoglycemia was seen in any phase of the study. Daily
episodes of major and minor hypoglycemia were not related
to the number of injections; as the number of daily injections
increased, the frequency of hypoglycemia remained the same.
Patient well-being appeared to be related to the level of con-
trol achieved and was not influenced negatively by the num-
ber of injections required to reach the A1C target.38,42

Although it did not involve the use of premixed insulin
analogues, the study by Janka et al43 merits mention. Insulin
glargine added to 2 OADs was compared with cessation of
OADs and replacement with premixed human insulin twice
daily. All patients were insulin naive, taking metformin plus
a sulfonylurea, with a mean duration of DM of 10 years,
body mass index of 29.5 kg/m2, and baseline A1C level of
8.8%. In the basal-insulin group, patients received met-
formin and glimepiride, while the insulin glargine dosage
was titrated to a target fasting BG level of 100 mg/dL
(5.6 mmol/L). In the insulin-only group, twice-daily human
premixed 70/30 (70% NPH/30% RHI) insulin was titrated to
the same target before breakfast and the evening meal, re-
spectively. After 6 months of treatment, the mean A1C level
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mize BG control in everyday living.
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was 7.15% in patients receiving basal insulin plus OADs and
7.49% in patients receiving twice-daily 70/30 insulin alone.

The 8-point self-measured BG profiles before and after
treatment showed no advantage in daytime BG levels in
patients receiving human premixed insulin versus those 
receiving basal insulin plus OADs.43 Patients in the insulin-
only group required twice as much insulin (mean, 64.5 vs 
28.2 U daily), and their rate of confirmed hypoglycemic
events (<60 mg/dL) was twice as high (9.9 vs 4.1 per patient-
year). Thus, the basal insulin plus OAD regimen was superior
both in achieving better glycemic control and in causing less
hypoglycemia. Additionally, these findings are consistent with
other research showing that metformin, when combined with
both premixed and basal insulins, helps to reduce undesired
hypoglycemia, weight gain, and excessive insulin dose.44

These results cannot be generalized to the premixed ana-
logues because of their different PD profiles. It is difficult to
determine if using analogue preparations would have less-
ened the limiting factor of hypoglycemia and therefore

assisted in intensifying therapy, leading to improved
glycemic control. In addition, continuing OAD therapy in
patients who received premixed insulin might have yielded
different outcomes.

A recent study comparing BIAsp 30 plus metformin and
a thiazolidinedione showed superior control versus met-
formin plus thiazolidinedione alone, and 76% of patients
reached an A1C target of 7.0%.45 The level of minor hypo-
glycemia was acceptable, with ~8 minor events occurring
per year. In addition, Liebl et al46 found that, compared with
a basal-bolus regimen with insulins detemir and aspart,
BIAsp 30 twice daily was comparable in terms of A1C reduc-
tion in insulin-naive patients, and hypoglycemia rates were
low and similar between groups.

USING PREMIXED INSULIN ANALOGUES IN
CLINICAL PRACTICE
Table I lists the expected advantages of using premixed
insulin analogues in patients with type 2 DM. Because pre-

–73–

Volume 2, Number 2 A.A. Rizvi and R.J. Ligthelm

70

20

40

60

30

10

0

Pa
tie

nt
s 

Re
ac

hi
ng

 T
ar

ge
t

at
 W

ee
k 

28
 (%

) 

A1C Target

P < 0.001

50

A1C <7.0% (ADA goal) A1C ≤6.5% (ACE and IDF goal)

P < 0.036

40

66

28

42

BIAsp 30 (n = 100)
Insulin glargine (n = 109)

Figure 2. Percentage of patients achieving glycosylated hemoglobin (A1C) targets in the biphasic insulin aspart 30
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mixed analogues appear to match physiologic insulin secre-
tion better than human premixed insulin, they are associated
with good postprandial control, low rates of hypoglycemia,
modest improvements in overall glycemic control, and bet-
ter patient acceptance, since they can be injected just before
or immediately after a meal.

What factors should clinicians consider when deciding
whether a patient is a suitable candidate for a premixed
insulin analogue or another insulin? This dilemma may be
one of the most controversial debates among providers.
Based on accumulated evidence and clinical experience, the
following scenarios may help clinicians considering biphasic
insulin formulations.

Initiating Insulin Therapy
Initiation of insulin therapy is a watershed event for

patients with type 2 DM and is usually instituted due to
suboptimal control with OAD therapy. Premixed insulin
analogues, because they are a convenient fixed-mix combi-

nation of rapid- and long-acting insulin, may provide an
attractive and effective option44,47,48 compared with basal or
bolus insulin alone, a complex multidose regimen, or hu-
man premixed insulin. Those options require more frequent
daily injections or use of different types of insulin either
separately or mixed by the patient before injection (self-
mixing). In addition, their PK profile does not closely mimic
the physiologic insulin profile seen in healthy subjects after
a meal.

Targeting Postprandial Hyperglycemia
Using a basal insulin like NPH, insulin glargine, or

insulin detemir alone or in combination with OADs is a popu-
lar approach in the treatment of patients with type 2 DM.
However, this strategy does not adequately address post-
prandial BG elevations, and A1C levels remain above recom-
mended targets. The solution would be to add a soluble or
rapid-acting insulin before meals or, more conveniently,
switch to a twice-daily premixed insulin analogue.36
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Advancing from Basal-Only to Basal-Bolus Insulin
Therapy 

Patients who are no longer achieving optimal control
with basal insulin alone and require progression to a true
basal-bolus regimen may find a premixed insulin analogue
to be a desirable option.49

Possible Reduction in the Rate and Severity of
Treatment-Related Hypoglycemia

Late postprandial and nocturnal hypoglycemia is a risk
with human insulins (eg, RHI, NPH, or a combination).
Better dovetailing of insulin to ambient BG levels afforded
by premixed analogues, and their lack of a significant peak
effect, reduces insulin-glucose mismatch and the risk of
hypoglycemia.31,32 Switching from premixed human to pre-
mixed analogue insulin may be helpful in this regard.

Convenience
Premixed insulin analogues do not require mixing of 

2 separate insulins and can be given immediately before or
after a meal. This enhanced flexibility and convenience im-
prove quality of life and treatment satisfaction.50,51 More-
over, availability in disposable pen form obviates drawing
up insulin from a vial. After injection is initiated, the insulin
aspart 70/30 pen can be used for ≤14 days52 and the insulin
lispro 75/25 and insulin lispro 50/50 pens for ≤10 days53,54 if
kept at room temperature (below 86°F recommended). These
features are beneficial for patients with sight and dexterity
issues, make it more convenient for eating out and travel,
and can reduce errors in dosing.55 The net result is a poten-
tially improved level of patient acceptance and adherence 
to therapy.

A target-oriented titration schedule is crucial to successful
implementation of any insulin regimen. The design and
results of the INITIATE study35 provide some practical guide-
lines for adjusting the dose of premixed insulins in clinical
practice that Mooradian et al56 highlighted in a recent review.
A prudent strategy is to start with a total daily dose of 10 to 

12 U. If ≥2 fasting BG values over 3 consecutive days are
above target, the presupper insulin dose is increased in a
graded fashion (between 2 and 6 U) depending on the degree
of elevation and based on the lower of the readings. The dose
may be reduced in a comparable way if hypoglycemia en-
sues. Similarly, the prebreakfast dose is adjusted depending
on presupper BG levels. The doses are maintained when BG 
levels are within the desired range (usually between 80 and 
110 mg/dL [4.4–6.05 mmol/L]). Although many variables
affect it, as a rough guide, the usual total daily insulin require-
ment in patients with type 2 DM is between 0.5 and 1.0 U/kg.
In this manner, the insulin regimen is tailored to the glycemic
profile and individualized to the particular patient.

No clear-cut recommendations exist on whether to con-
tinue, adjust, or stop OADs when premixed insulin is initi-
ated. This remains largely a matter of clinician preference,
although customizing therapy to specific clinical situations
and patient characteristics makes sense.57 Combining insulin
with a sulfonylurea may be at least clinically advantageous,
and consideration should be given to reducing or eliminating
the latter as the premixed analogue dose is titrated, especially
if hypoglycemia occurs. The continuation of either metformin
or a thiazolidinedione (eg, rosiglitazone, pioglitazone) is help-
ful in counteracting insulin resistance and reducing the total
insulin dose required.58 Metformin could limit the problem of
weight gain commonly encountered in insulin-treated pa-
tients, while the mealtime use of an α-glucosidase inhibitor
agent (eg, acarbose, miglitol) may decrease the number of
daily insulin injections.59 Conversely, the presence of comor-
bid conditions such as nephropathy and congestive heart fail-
ure may contraindicate the use of metformin and thiazo-
lidinediones with insulin. Careful assessment of all relevant
clinical aspects is therefore essential for safe and effective
advancement from OADs to premixed insulin analogues.

The issue of cost frequently dictates the type of insulin or
regimen prescribed. Although insulin analogues tend to be
more expensive than traditional human preparations, they
may be cost-effective in the long run when used in an inten-
sive management strategy50 if they reduce hypoglycemia
and encourage compliance. Whether they will lead to sus-
tained and significant improvement in glycemic control and
thereby translate into reduced diabetic complications com-
pared with human premixed insulin or other regimens re-
mains to be demonstrated.

LIMITATIONS OF PREMIXED INSULIN ANALOGUES
Although premixed insulin analogues are an effective and
simple option when insulin therapy is initiated or intensified
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Table I. Advantages of premixed insulin analogues.

Provide basal and prandial insulin coverage

Ease transition from OADs to insulin therapy

Provide better control of postprandial hyperglycemia
than OADs or basal-only insulin regimens

Reduce risk of severe hypoglycemia compared with
premixed human insulin

Enhance patient convenience and acceptance (eg,
easy to time with meals, availability of dual-action pro-
file [biphasic] insulin in 1 injection, no mixing of short-
and long-acting insulins) 

Reduce errors in dosing

OADs = oral antidiabetic drugs.

Although insulin analogues tend to be more expensive
than traditional human preparations, they may be

cost-effective in the long run when used in an intensive
management strategy if they reduce hypoglycemia and
encourage compliance.
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in patients with type 2 DM, they are not—like most thera-
pies—without limitations.60 Table II summarizes potential
limitations of therapy with premixed insulin analogues. 

One obvious limitation of premixed insulin analogues, as
with any premixed insulin, is that the different components
cannot be individually adjusted. This limits flexibility in
changing the rapid-acting component without affecting the
long-acting component, and vice versa. Thus, modifications
can only be made by increasing or decreasing the total dose
at a particular time, rather than having the option of fine-
tuning the individual basal or prandial coverage. For exam-
ple, a patient might require a larger amount as basal insulin, a
scenario that is usually seen in extreme or sustained uncon-
trolled hyperglycemia, corresponding to an A1C level >8.0%.14

This is seen when the contribution of fasting, premeal, and
nocturnal elevated BG is predominant. As glycemic control
improves, the contribution of postprandial glucose to overall
hyperglycemia increases, necessitating the addition or in-
crease in bolus or prandial insulin to address these glucose
excursions. As a result, the basal-bolus insulin ratio shifts
according to glycemic pattern and the degree or stage of hy-
perglycemia. Premixed insulin in different ratios (eg, insulin
lispro 50/50) has been made available to overcome this prob-
lem.61 The introduction of BIAsp 50 and BIAsp 70, in which
the percentage of soluble rapid-acting insulin aspart is 50%
and 70%, respectively, is expected in the near future.62

Similarly, large elevations of BG associated with midday
meals may not be adequately covered with 2 injections and
may require either 3 injections of premixed insulin41 or a
lunchtime shot of rapid-acting insulin alone.

Patients with type 1 DM who frequently need to change
their prandial insulin dose independent of the basal compo-
nent are not good candidates for premixed insulin. Similarly,
patients with type 2 DM who use varying amounts of short-
acting insulin based on premeal BG readings and the carbo-
hydrate content of food may find it difficult to use premixed

insulin to optimal advantage. A more complex multiple-dose
insulin injection regimen or insulin pump therapy might be a
better option in these specific patient groups.

Premixed insulin analogues are injected before meals,
providing coverage for the postprandial BG elevation
through the rapid-acting component. In some individuals,
the duration of action of the longer-acting component of the
predinner dose may not last until the next morning, allow-
ing BG levels to rise unchecked secondary to the “dawn phe-
nomenon.”63 This phenomenon is not commonly reported in
clinical studies but could occur in real life. This problem
could be addressed by using separate doses of short- and
long-acting insulins at dinner and bedtime, respectively.

Patients treated with premixed insulin analogues re-
quiring an “as-needed” supplemental dose for addressing
episodes of extreme hyperglycemia (eg, during sickness or
stress) should keep a supply of rapid-acting insulin avail-
able. When patients must fast before a diagnostic or surgical
procedure, it is recommended that they take their basal
insulin but avoid short-acting insulin. However, with pre-
mixed insulin analogue therapy it is not possible to give one
component. The temporary administration of rapid- or long-
acting insulin alone solves this problem.

Finally, a dilemma may be encountered when hospitalized
patients receive a scheduled-dose premixed insulin analogue
(and therefore are receiving some rapid-acting insulin) and
are also given supplemental short-acting insulin several
times a day. Long- and rapid-acting SC insulin given sepa-
rately or, when necessary, as continuous IV RHI (insulin
drip) may be preferable in the inpatient setting.

CONCLUSIONS
Most patients with type 2 DM ultimately require insulin to
achieve optimal BG control. Transitioning from OADs to in-
sulin presents a number of options, and a “one-size-fits-all”
approach is impractical because of the heterogeneous nature of
DM and different patient scenarios. A treatment regimen indi-
vidualized to each patient’s goals and preferences will work
best. Published evidence supports the idea that an insulin regi-
men that takes into account treatment of both fasting and post-
prandial hyperglycemia is most efficacious in reducing A1C
levels. Furthermore, an emerging concept of minimizing daily
glycemic variability in addition to lowering A1C levels to sup-
press the vascular complications of DM is gaining momentum.
A single insulin analogue that contains 2 formulations with 
2 PD profiles is an attractive choice, because it provides a basal-
bolus therapeutic approach in a convenient way that may
enhance patient acceptance. If used early and correctly in the
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Table II. Potential limitations of premixed insulin
analogues in clinical practice.

Ratio of the 2 insulin components cannot be adjusted
separately

Regimens based on carbohydrate counting and sensi-
tivity factor are difficult to devise with premixed insulin
analogues

Difficulty when used as “supplemental” insulin in place
of rapid-acting insulin alone for treatment of hyper-
glycemic episodes

Insulin coverage may not address the “dawn phenome-
non,” early-morning hyperglycemia, and postlunch
hyperglycemia

Not suitable when food intake is held (eg, in the inpa-
tient setting)

Patients treated with premixed insulin analogues requiring
an “as-needed” supplemental dose for addressing

episodes of extreme hyperglycemia (eg, during sickness or
stress) should keep a supply of rapid-acting insulin available.
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course of type 2 DM, premixed insulin analogues can help
patients minimize hypoglycemia and achieve A1C goals.

Although problems may occur in clinical practice when
premixed insulin analogues are prescribed, they are usually
minor and temporary. Finding the appropriate application for
the use of premixed insulin is paramount, and at times it may
be prudent to switch to a different insulin type or regimen.
Clinicians should be aware of premixed insulin analogues’
advantages and limitations so that these agents can be used
appropriately in the treatment of patients with type 2 DM.

ACKNOWLEDGMENTS
Dr. Rizvi is on the speakers’ bureau for sanofi-aventis
(Bridgewater, New Jersey). Dr. Ligthelm is an advisor and
key speaker for Novo Nordisk Inc. and participates in
training courses for diabetes nurses for both Novo
Nordisk Inc. and GlaxoSmithKline (Research Triangle Park,
North Carolina).

The authors thank Catherine Jones, PhD, and Nicola
Duckworth, PhD, for technical assistance during the prepa-
ration of the manuscript.

REFERENCES
1. Mann J. Stemming the tide of diabetes mellitus. Lancet. 2000;

356:1454–1455.
2. Zimmet P, Alberti KG, Shaw J. Global and societal implications

of the diabetes epidemic. Nature. 2001;414:782–787.
3. Grant RW, Cagliero E, Murphy-Sheehy P, et al. Comparison of

hyperglycemia, hypertension, and hypercholesterolemia man-
agement in patients with type 2 diabetes. Am J Med. 2002;
112:603–609.

4. Saaddine JB, Engelgau MM, Beckles GL, et al. A diabetes
report card for the United States: Quality of care in the 1990s.
Ann Intern Med. 2002;136:565–574.

5. UK Prospective Diabetes Study (UKPDS) Group. Intensive blood-
glucose control with sulphonylureas or insulin compared with
conventional treatment and risk of complications in patients with
type 2 diabetes (UKPDS 33) [published correction appears in
Lancet. 1999;354:602]. Lancet. 1998;352:837–853.

6. Nathan DM. Clinical practice. Initial management of glycemia in
type 2 diabetes mellitus. N Engl J Med. 2002;347:1342–1349.

7. Riddle MC. Timely initiation of basal insulin. Am J Med.
2004;116(Suppl 3A):3S–9S.

8. Phillips LS, Branch WT, Cook CB, et al. Clinical inertia. Ann
Intern Med. 2001;135:825–834.

9. Ellrodt AG, Conner L, Riedinger M, Weingarten S. Measuring
and improving physician compliance with clinical practice guide-
lines. A controlled interventional trial. Ann Intern Med. 1995;
122:277–282.

10. Eakin EG, Glasgow RE. Physician’s role in diabetes self-
management: Helping patients to help themselves. Endocrinolo-
gist. 1996;6:186–195.

11. Nyman MA, Murphy ME, Schryver PG, et al. Improving perfor-
mance in diabetes care: A multicomponent intervention. Eff Clin
Pract. 2000;3:205–212.

12. Leahy JL. What is the role for insulin therapy in type 2 diabetes?
Curr Opin Endocr Diabetes. 2003;10:99–103.

13. Chan JL, Abrahamson MJ. Pharmacological management of
type 2 diabetes mellitus: Rationale for the rational use of insulin.
Mayo Clin Proc. 2003;78:459–467.

14. Monnier L, Lapinski H, Colette C. Contributions of fasting and
postprandial plasma glucose increments to the overall diurnal
hyperglycemia of type 2 diabetic patients: Variations with increas-
ing levels of HbA(1c). Diabetes Care. 2003;26:881–885.

15. McDonald K. Insulin therapy today. Focusing on the basal-bolus
balance. Adv Nurse Pract. 2003;11:40–45.

16. Herman WH, Dasbach EJ, Songer TJ, et al. Assessing the impact
of intensive insulin therapy on the health care system. Diabetes
Rev. 1994;2:384–388.

17. Hermansen K, Davies M, Derezinski T, et al. A 26-week, ran-
domized, parallel, treat-to-target trial comparing 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.

18. Riddle MC, Rosenstock J, Gerich J, for the Insulin Glargine
4002 Study Investigators. The treat-to-target trial: Randomized
addition of glargine or human NPH insulin to oral therapy 
of type 2 diabetic patients. Diabetes Care. 2003;26:3080–
3086.

19. Brownlee M, Hirsch IB. Glycemic variability: A hemoglobin A1c-
independent risk factor for diabetic complications. JAMA.
2006;295:1707–1708.

20. Ceriello A. Postprandial hyperglycemia and diabetes complica-
tions: Is it time to treat? Diabetes. 2005;54:1–7.

21. Del Prato S. Tackling hyperglycemia: A more comprehensive
approach. Endocr Pract. 2006;12(Suppl 1):63–66.

22. Monnier L, Colette C. Addition of rapid-acting insulin to basal
insulin therapy in type 2 diabetes: Indications and modalities.
Diabetes Metab. 2006;32:7–13.

23. Koivisto VA, Tuominen JA, Ebeling P. Lispro mix25 insulin as pre-
meal therapy in type 2 diabetic patients. Diabetes Care. 1999;
22:459–462.

24. Weyer C, Heise T, Heinemann L. Insulin aspart in a 30/70 pre-
mixed formulation. Pharmacodynamic properties of a rapid-
acting insulin analog in stable mixture. Diabetes Care. 1997;
20:1612–1614.

25. Jacobsen LV, Sogaard B, Riis A. Pharmacokinetics and pharma-
codynamics of a premixed formulation of soluble and protamine-
retarded insulin aspart. Eur J Clin Pharmacol. 2000;56:399–
403.

26. McSorley PT, Bell PM, Jacobsen LV, et al. Twice-daily biphasic
insulin aspart 30 versus biphasic human insulin 30: A double-
blind crossover study in adults with type 2 diabetes mellitus. Clin
Ther. 2002;24:530–539.

27. Kapitza C, Rave K, Ostrowski K, et al. Reduced postprandial
glycaemic excursion with biphasic insulin aspart 30 injected
immediately before a meal. Diabet Med. 2004;21:500–501.

28. Warren ML, Conway MJ, Klaff LJ, et al. Postprandial versus
preprandial dosing of biphasic insulin aspart in elderly type 2
diabetes patients. Diabetes Res Clin Pract. 2004;66:23–29.

68_rizvi  4/11/07  12:11 PM  Page 77



29. Sridhar GR. Two regimens of twice-daily premix insulin ana-
logue: An observational study. Diabetes Res Clin Pract. 2006;
71:105–107.

30. Hermansen K, Colombo M, Storgaard H, et al. Improved post-
prandial glycemic control with biphasic insulin aspart relative to
biphasic insulin lispro and biphasic human insulin in patients
with type 2 diabetes. Diabetes Care. 2002;25:883–888.

31. Boehm BO, Home PD, Behrend C, et al. Premixed insulin aspart
30 vs. premixed human insulin 30/70 twice daily: A random-
ized trial in type 1 and type 2 diabetic patients [published cor-
rection appears in Diabet Med. 2002;19:797]. Diabet Med.
2002;19:393–399.

32. Boehm BO, Vaz JA, Brondstedt L, Home PD. Long-term efficacy
and safety of biphasic insulin aspart in patients with type 2 dia-
betes. Eur J Intern Med. 2004;15:496–502.

33. McNally P, Fitch M, Nelson G. Patients with type 2 diabetes mel-
litus have lower rates of nocturnal hypoglycemia on biphasic
insulin aspart (BIAsp 30) than on biphasic human insulin-30
(BHI30): Data from the REACH study. Diabetologia. 2004;47
(Suppl 1):A327. 

34. Luzio S, Dunseath G, Peter R, et al. Comparison of the pharma-
cokinetics and pharmacodynamics of biphasic insulin aspart and
insulin glargine in people with type 2 diabetes. Diabetologia.
2006;49:1163–1168.

35. Raskin P, Allen E, Hollander P, et al, for the INITIATE Study Group.
Initiating insulin therapy in type 2 diabetes: A comparison of bipha-
sic and basal insulin analogs. Diabetes Care. 2005;28:260–265.

36. Kann PH, Wascher T, Zackova V, et al. Starting insulin therapy
in type 2 diabetes: Twice-daily biphasic insulin aspart 30 plus
metformin versus once-daily insulin glargine plus glimepiride.
Exp Clin Endocrinol Diabetes. 2006;114:527–532.

37. Malone JK, Kerr LF, Campaigne BN, et al, for the Lispro Mixture-
Glargine Study Group. Combined therapy with insulin lispro
mix 75/25 plus metformin or insulin glargine plus metformin: A
16-week, randomized, open-label, crossover study in patients
with type 2 diabetes beginning insulin therapy [published cor-
rection appears in Clin Ther. 2005;27:1112]. Clin Ther. 2004;
26:2034–2044. 

38. Suwanwalaikorn S. Optimising glycaemic control with BIAsp30
(once or twice daily) in combination with oral antidiabetic agents
in type 2 diabetes. Diabetologia. 2005;48(Suppl 1):A308. 

39. Lund SS, Tarnow L, Pedersen OB, et al. Effect of BIAsp30
(NovoLog Mix 70/30) in combination with oral hypoglycaemic
agents (OHA) on glycaemic control in non-obese patients with
type-2 diabetes (T2DM). Diabetes. 2005;56(Suppl 1):A126. 

40. Kilo C, Mezitis N, Jain R, et al. Starting patients with type 2 dia-
betes on insulin therapy using once-daily injections of biphasic
insulin aspart 70/30, biphasic human insulin 70/30, or NPH
insulin in combination with metformin. J Diabetes Complications.
2003;17:307–313.

41. Garber AJ, Wahlen J, Wahl T, et al. Attainment of glycaemic
goals in type 2 diabetes with once-, twice-, or thrice-daily dos-
ing with biphasic insulin aspart 70/30 (the 1-2-3 study). Dia-
betes Obes Metab. 2006;8:58–66.

42. Ligthelm RJ. Number of daily insulin injections required does not
affect patient well being. Diabetes. 2005;54(Suppl 1):A501. 

43. Janka HU, Plewe G, Riddle MC, et al. Comparison of basal
insulin added to oral agents versus twice-daily premixed insulin
as initial insulin therapy for type 2 diabetes. Diabetes Care.
2005;28:254–259.

44. Kabadi UM, Kabadi M. Comparative efficacy of glimepiride
and/or metformin with insulin in type 2 diabetes. Diabetes Res
Clin Pract. 2006;72:265–270.

45. Raskin P, Braceras R, Schwartz S, et al. Over 75% of patients
with type 2 diabetes reached target A1c by adding biphasic
insulin aspart 70/30 to optimized metformin and pioglitazone
treatment. Diabetes. 2006;55(Suppl 1):A131.

46. Liebl A, Prager R, Kaiser M, et al, for the PREFER study group.
Biphasic insulin aspart 30 (BIAsp30), insulin detemir (IDet) and
insulin aspart (IAsp) allow patients with type 2 diabetes to reach
A1C target: The PREFER Study. Diabetes. 2006;55(Suppl 1):A123. 

47. Tirgoviste CI, Strachinariu R, Farcasiu E, et al. Humalog Mix 25
in patients with type 2 diabetes which do not achieve acceptable
glycemic control with oral agents: Results from a phase III, ran-
domized, parallel study. Rom J Intern Med. 2003;41:153–162.

48. Christiansen JS, Vaz JA, Metelko Z, et al. Twice daily biphasic
insulin aspart improves postprandial glycaemic control more
effectively than twice daily NPH insulin, with low risk of hypo-
glycaemia, in patients with type 2 diabetes. Diabetes Obes
Metab. 2003;5:446–454.

49. Abrahamian H, Ludvik B, Schernthaner G, et al. Improvement of
glucose tolerance in type 2 diabetic patients: Traditional vs.
modern insulin regimens (results from the Austrian Biaspart
Study). Horm Metab Res. 2005;37:684–689.

50. Ristic S, Bates PC. Effects of rapid-acting insulin analogs on over-
all glycemic control in type 1 and type 2 diabetes mellitus.
Diabetes Technol Ther. 2003;5:57–66.

51. Bott U, Ebrahim S, Hirschberger S, Skovlund SE. Effect of the
rapid-acting insulin analogue aspart on quality of life and treat-
ment satisfaction in patients with type 1 diabetes. Diabet Med.
2003;20:626–634.

52. NovoLog Mix 70/30 [package insert]. Princeton, NJ: Novo
Nordisk Inc; 2005. 

53. Humalog Mix 75/25 [package insert]. Indianapolis, IN: Eli Lilly
& Company; 2004.

54. Humalog Mix 50/50 [package insert]. Indianapolis, IN: Eli Lilly
& Company; 2005.

55. Korytkowski M, Bell D, Jacobsen C, Suwannasari R, for the
FlexPen Study Team. A multicenter, randomized, open-label, com-
parative, two-period crossover trial of preference, efficacy, and
safety profiles of a prefilled, disposable pen and conventional
vial/syringe for insulin injection in patients with type 1 or 2 dia-
betes mellitus. Clin Ther. 2003;25:2836–2848.

56. Mooradian AD, Bernbaum M, Albert SG. Narrative review: A
rational approach to starting insulin therapy. Ann Intern Med.
2006;145:125–134.

57. DeFronzo RA. Pharmacologic therapy for type 2 diabetes melli-
tus. Ann Intern Med. 1999;131:281–303.

58. Edelman SV, Morello CM. Strategies for insulin therapy in type
2 diabetes. South Med J. 2005;98:363–371.

59. Chehade JM, Mooradian AD. A rational approach to drug thera-
py of type 2 diabetes mellitus. Drugs. 2000;60:95–113.

–78–

April 2007Insulin

68_rizvi  4/11/07  12:11 PM  Page 78



–79–

Volume 2, Number 2 A.A. Rizvi and R.J. Ligthelm

60. Davidson J, Vexiau P, Cucinotta D, et al. Biphasic insulin aspart
30: Literature review of adverse events associated with treat-
ment. Clin Ther. 2005;27(Suppl B):S75–S88.

61. Su CC, Chen HS, Lin HD. Glycemic control with different pre-
mixed insulin in Taiwanese people with type two diabetes melli-
tus. J Chin Med Assoc. 2003;66:155–159.

62. Ligthelm RJ, Mouritzen U, Lynggaard H, et al. Biphasic insulin
aspart given thrice daily is as efficacious as a basal-bolus insulin
regimen with four daily injections. Exp Clin Endocrinol Diabetes.
2006;114:511–519.

63. Carroll MF, Schade DS. The dawn phenomenon revisited:
Implications for diabetes therapy. Endocr Pract. 2005;11:55–64.

Address correspondence to: Ali A. Rizvi, MD, Division of Endocrinology, Diabetes, and Metabolism, Department of
Medicine, University of South Carolina School of Medicine, Columbia, SC 29203. E-mail: arizvi@gw.mp.sc.edu

68_rizvi  4/11/07  12:11 PM  Page 79



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /SyntheticBoldness 1.000000
  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


