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Introduction

•

Lipotoxicity

Type 2 diabetes is characterized by progressive
decline in pancreatic beta cell function and
persistent insulin resistance. Decreased beta cell
mass and amyloid deposits in the islet are the
pathological hallmark of the disease.1 Preserved
beta cell function is the most important determinant
of glucose disposal, even after adjustment for
insulin sensitivity, which might modulate beta cell
function. 2 Besides, beta cell dysfunction is also
responsible for several functional abnormalities in
type 2 diabetes.3 These defects include:

•

Inflammation

•

Obesity

•

Insulin resistance

•

Alterations in Incretins- GLP-1 (Glucagon
like peptide-1) and GIP (Gastric inhibitory
peptide).

•

Malnutrition in uterus and in early life, affecting
programming of beta cells with respect to
glucose sensing, apoptosis, regeneration and
ability to compensate for insulin resistance.

•

Functional defect of beta cells as evidenced by
greater than 80% reduction in insulin release
with only 20-40% decrease in beta cell mass.

•

Impaired first and second phase insulin
response.

•

Decreased pulsatile and oscillatory insulin
response.

•

Increased
molecules

•

Impaired ability to compensate for superimposed
insulin resistance

release

of

Pro-insulin

like

Notwithstanding the genetic predisposition,
several environmental and reversible factors are
clearly incriminated in the pathogenesis of the
inexorable decline in beta cell function. These
include:
•

Glucotoxicity

While several strategies could be employed to
tackle many of these factors contributing to beta cell
decline, insulin alone has the most salutary effect
on most, if not all of them. It is also imperative to
appreciate that almost all these factors inflict damage
to beta cells several years before the clinical onset
of the disease. As a natural corollary, any effort to
preserve beta cell function has to be instituted as
early as possible in the natural history of the disease.4
In the current treatment paradigm patients spend 5
years or more with a glycosylated hemoglobin over
8% before decision to start insulin is made. This
has been shown by the Kaiser Permanente group
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in California that number of patients with HbA1c
over 8% on diet, SU, Metformin and combined
oral therapy moving to next level of therapy is
a meager 66.6%, 35%, 44% and 18% respectively.
This is clearly unacceptable and warrants a
more proactive approach. Consensus statement
of American Diabetic Association (ADA) and
European Association for Study of Diabetes have
emphasized upon this new treatment paradigm. 5
Early initiation of insulin addresses the issues
of glucotoxicity, lipotoxicity, inflammation,
insulin resistance, first phase insulin response
and many others. Backed by incontrovertible
pathophysiological rationale and evidenced by
elegant animal and human studies, it sounds prudent
to shift the paradigm of insulin administration in
type 2 diabetes from one of ‘last resort’ to ‘first
assault’.

Rationale for Early Insulin Therapy

associated with improved islet insulin content and
improved beta cell morphology as demonstrated
by immunocytochemistry. 8 In patients of Latent
Autoimmune Diabetes of Adults (LADA), early
initiation of insulin has been shown to preserve
beta cell function. This was evidenced by preserved
C-peptide response compared to baseline in insulin
treated group, as compared to Sulfonylurea (SU)
group, which showed lesser C-peptide after two
years of treatment.9 This worsened further at the
end of three years. It has also been demonstrated
that short term glycemic control with intravenous
insulin infusion restores SU sensitivity in significant
proportion of non obese SU non-responsive type 2
diabetic subjects. These patients showed significant
improvement in metabolic control and beta cell
function. During the 6 months follow-up period
they could be managed with Glibenclamide alone.
Metabolic improvement was associated with
improvement in fasting and post-meal C-peptide
responses as well.10

Both acute and prolonged hyperglycemia adversely
affects beta cell function6. Glucotoxicity leads to
impaired gene transcription, down regulation of
glucose transporters and alteration of transporter
function induced by oxidative stress. 7 Early
institution of insulin therapy results in increased
insulin gene expression and insulin synthesis. It
provides rest to the beta cells, already stretched
to their capacity and helps them regenerate over
time. Beta cells are most stressed and therefore
most vulnerable to programmed cell death
(apoptosis) during the first few months following
the clinical onset of the disease. Quick restoration
of euglycemia by early insulin therapy at this stage
will naturally preserve beta cell function on a long
term basis. This has been demonstrated in several
experimental and clinical studies.

Chronic elevation of free fatty acids (FFA) impairs
beta cell function (lipotoxicity). This has been
demonstrated in several in vitro and animal studies.
Free fatty acid (FFA) also antagonizes the action of
insulin, both on glucose production and glucose
utilization.11 It also promotes gluconeogenesis and
enhanced Glucose 6 phosphatase gene expression,
which directly increases glucose production. Besides,
increased concentration of beta cell fatty acid co-A,
TNF alfa, Resistin, Leptin, Adipsin and Amylin
and tissue accumulation of lipids all contribute to
the inexorable decline in beta cell function.12 Early
insulin therapy is known to mitigate the deleterious
effects of these molecules directly or indirectly.

In Chinese Hamster, a spontaneous and
selectively bred animal model of non-obese
type 2 diabetes, two weeks of normalization
of glycemia resulted in marked improvement
in beta cell function. This was characterized by
improved beta cell signaling induced by the cyclic
AMP protein kinase A pathway. This was also

In normal individuals glucose is the master
regulator of glucose flux into the tissues. In
type 2 diabetes, presence of hyperglycemia fails
to suppress glucose production and also fails to
stimulate glucose utilization. It has been shown that
only 3 days of intensive insulin therapy restores
normal effectiveness of glucose to suppress glucose

Glucose Effectiveness
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production and stimulate glucose utilization in
response to hyperglycemia. During this study it
was concluded that the mechanism involved in
restoration of glucose effectiveness was improved
glycogen synthesis and decreased level of circulating
free fatty acids.13

•

Inadequate priming of insulin sensitive tissues
leading to decreased utilization of glucose.

•

Altered signaling capacity of hormones leading
to insulin resistance

•

Enhanced stimulatory action of Glucagon on
neoglucogenesis

Inflammation

•

Enhanced post prandial hyperglycemia

Inflammation has been identified as one of the
major determinants of beta cell dysfunction.
Several pro-inflammatory transcription factors
have been identified which inflict damage to
beta cells through liberation of large number
of inflammatory cytokines.14 It has now been
established that our daily macronutrient intake
is largely pro-inflammatory. It leads to oxidative
stress, generation of reactive oxygen species (ROS)
and expression of pro-inflammatory transcription
factor NFkB. Resultant liberation of cytokines
like, Intercellular adhesion molecule-1 (ICAM-1),
Vascular cell adhesion molecule-1 (VCAM-1),
p-selectin and others initiate and perpetuate
the inflammation induced damage to beta cells.
In the context of macronutrient intake, prompt
and adequate insulin response counteracts the
expression of NFkB and subsequent inflammatory
cascade. This inhibits any inflammation induced
damage to beta cells. In this context insulin can be
viewed as a natural anti-inflammatory molecule.
Elegant studies have demonstrated remarkable
reduction in levels of NFkB, ICAM-1, P-47, ROS
etc by insulin administration.15

•

Increased risk of micro and macro vascular
complications

First Phase Insulin Response (FPIR)
Loss of first phase insulin response has emerged as
one of the most important factors in the pathogenesis
of type 2 diabetes. Its magnitude correlates with
degree of beta cell dysfunction.16 Its consequences
include:
•

Inadequate suppression of endogenous glucose
production

•

Rise in non-esterified fatty acids (NEFA) due
to inadequate anti lipolytic action of insulin

It is also important to understand the correlation
of degree of glycemia and loss of first phase insulin
response.
•

FPIR is mostly absent when fasting plasma
glucose is > 109 mg/dl

•

When fasting plasma glucose is more than 140
mg/dl, 75% of beta cell function is lost17

•

When fasting plasma glucose is more than 180
mg/dl, there is complete loss of FPIR

•

When 2 hrs PG values are more than 200 mg/
dl, there is marked reduction in FPIR18

•

Even in subjects with IGT, there is marked
reduction in FPIR

Considering these facts it seems prudent that all
efforts be made to restore the FPIR. This would
logically correct or mitigate all the deleterious
consequences mentioned above. Additional
benefits will include adequate beta cell rest,
reduced hyperinsulinemia of the late phase after
ingestion of meal, reduced production of islet
amyloid peptide and improved insulin secretion
overtime. Excessive accumulation of amyloid
deposits between islet cells and capillaries lead to
destruction of islet endocrine cells and progressive
worsening of beta cell function. Current paradigm
of using SU in majority of type 2 diabetics for
pronged period leads to increased deposition of
amyloid and faster decline in beta cell function.19
However insulin – sparing S U, Glimepiride
and non-sulfonylurea insulin secretagogues,
Repaglinide and Nateglinide may not have this
deleterious effect.
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Marked improvement in glucose tolerance by
restoration of FPIR by intravenous infusion of
insulin during the first 30 minutes of OGTT has
been elegantly demonstrated by Bruttomesso et
al. It was clearly demonstrated in this study that
neither continuous infusion of insulin nor delaying
the infusion beyond 30 minutes achieved similar
results.20 This implies the importance of timing of
insulin administration. Unfortunately intravenous
insulin infusion cannot be recommended as a
therapeutic option for obvious reasons. However
rapid acting insulin analogs, Lispro, Aspart and
Glulisine have similar pharmacokinetic profile
and can mimic intravenous insulin infusion
demonstrating similar benefits. Several studies
have demonstrated these effects thus assuring
translation of the benefit of restoration of FPIR in
clinical practice. As compared to regular insulin
rapid acting analogs peak earlier (60 versus 120
minutes) and lead to 46% lower glucose area under
the curve. These differences could be attributed
to rapid and complete suppression of endogenous
glucose production as rates of appearance of
ingested glucose remains identical. These studies
have shown that restoration of FPIR by intensive
insulin treatment leads to improved insulin secretion
and long term glycemic control.21 This may pave
way to withdrawal of insulin for several years.
Pulmonary delivery of insulin has added another
dimension to insulin administration particularly
with respect to rapid onset of action. This could
have a salutary effect on restoration of FPIR along
with ease of administration. Their onset of action is
similar to rapid acting analogs while the duration
of action is closer to that of regular insulin. 22
Thus their therapeutic effect can be positioned
somewhere between the rapid acting analogs
and regular insulin. Unfortunately the only FDA
approved brand Exubera has been withdrawn from
the market due to reasons other than safety.

Conclusion
Insulin possesses the unique ability to correct
majority of the reversible factors contributing to

the inexorable decline in beta cell function in
the natural history of type 2 diabetes. Initiation
of insulin early after clinical onset of the disease
provides adequate rest to beta cells and helps restore
FPIR. Appropriate timing of insulin initiation and
prudent selection of rapid acting insulin analogs and
inhaled insulins are extremely vital in preservation
of beta cell function, long term glycemic control
and prevention of micro and macro vascular
complications.
Increasing availability of Incretin mimetic, GLP-1
analogs and DPP IV inhibitors have added exciting
dimensions and require better understanding
of positioning these molecules in the treatment
paradigm for type 2 diabetes. They increase insulin
secretion in a glucose dependent manner. It has
been demonstrated that they improve insulin
responses during 30 minutes immediately after
the ingestion of a standard test meal resulting in
58% decrease in the glucose area under the curve.23
They have several ancillary advantages including
weight loss, glucagon suppression and beta cell
preservation.24 In patients with adequate beta cell
reserve they could be better option than rapid
acting insulin analogs. However these conjectures
need to be proven by well designed clinical trials.
A very recent report issued on behalf of FDA in
October 2007 has linked GLP-1 mimetic Exanetide
with episodes of pancreatitis. This may be an area
of concern.
High economic burden associated with these
newer molecules and strategies will need to be
addressed by the health care providers across the
globe. In the meantime clinicians must shed the
inhibition of starting insulin early, when it is most
required. In clinical practice insulin initiation when
fasting plasma glucose is more than 140 mg/dl is
justifiably warranted as 75% of beta cell function
is lost at this juncture. Whipping 25% of tired beta
cells to achieve normoglycemia by using drugs
like sulfonylureas is unphysiological and does not
address the underlying pathogenesis.16 Similarly
decision to start basal or combined basal prandial
insulin regimens can be made on the basis of HbA1c
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levels between > 7% – < 10% or > 10%.
There are several advantages of using this strategy
including quick restoration of normoglycemia,
restoration of FPIR, beta cell protection, reestablishment of diet responsiveness etc to name a
few. All these benefits accrue with transient intensive
treatment and small total daily dose of insulin
(0.6 units / kg) which is less than the endogenous
insulin production in non diabetics. 21 Patient’s
inhibitions regarding insulin injections should not
deter clinicians from prescribing appropriate drug
at the right time for the right indication.

Summary
The current paradigm of management of
type 2diabetes is one of sequential addition
of treatment modalities starting from medical
nutrition therapy, exercise, single or combination
oral hypoglycemic agents (OHAs) and finally
insulin administration with or without OHAs.
This strategy has miserably failed in achieving
recommended glycemic goals to prevent micro
vascular as well as macro vascular complications.
Besides it does not address the fundamental issues
of progressive beta cell dysfunction and several
other pathogenetic mechanisms including first
phase insulin response, inflammation, glucotoxicity,
lipotoxicity, inflammation etc. Patients continue to
have glycosylated hemoglobin over 8% for more
than 5 years before appropriate treatment decisions
are made.
Insulin administration is uniquely suitable to
address most of these issues, provided it is started
early in the natural history of type 2 diabetes.
Short-term intensive insulin administration quickly
restores normoglycemia, provides rest to the stressed
beta cells, allowing them to regenerate and helps in
maintaining long term glycemic control with diet,
exercise and insulin sensitizers. It also prevents
deposition of islet amyloid which is inherent with
sulfonylureas administration, the most prescribed
drug in the treatment of type 2 diabetes.
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Rapid acting insulin analogs are uniquely
positioned to address the issues of first phase
insulin response and post prandial hyperglycemia.
Nasal insulin, G LP-1 analogs and DP P IV
inhibitors are potential agents to compete with
these drugs. However all of them have one or the
other problems of cost, availability, safety and
lack of long term data. Notwithstanding patient’s
and clinician’s reluctance to start insulin at the
appropriate time, scientific evidence is loaded in
favor of using insulin as first assault rather than
last resort.
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