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INTRODUCTION
Good medical management of any disease is based on
two fundamental principles: first, the diagnosis must rely

on objective criteria that are sensitive and specific to the
disease; and second, the diagnosis should directly dictate
medical management. Yet the diagnosis, classification,
and treatment of diabetes fall short of fulfilling these two
basic criteria. While the diagnosis of diabetes is based
on objective laboratory criteria (fasting blood glucose
[FBG] > 126 or non-FBG >200 mg/dl), determination
of the patient’s type of diabetes (i.e. disease etiology or
mechanism of disease) is based predominantly on a set of
clinical parameters such as age at time of onset and pres-
ence or absence of metabolic syndrome.! Furthermore,
such categorization provides minimal guidance about the
patient’s insulin requirements. Assumptions are made
about the patient’s endogenous insulin production and
insulin sensitivity which can lead to suboptimal medical
management.

An alternative approach would be to characterize each
patient with diabetes in terms of their insulin state, which
is defined by two parameters — endogenous insulin sup-
ply and degree of insulin sensitivity. As insulin state is
the result of pathophysiology determined by the cause
of a patient’s diabetes, characterization of their disease
would thus be independent of the underlying etiology
of the diabetes. Understanding a patient’s insulin state
provides unambiguous information about the person’s
physiologic abnormalities, and directs us to specific
medical management.

INADEQUACIES OF THE CURRENT ADA

CLASSIFICATION SYSTEM

Diabetes is a disruption of glucose metabolism due to an
absolute or relative decrease in availability of insulin to
the cells. The current classification of patients with dia-
betes was issued by the American Diabetes Association
(ADA) in 2002 and uses the underlying disease etiology
as its basis (Table 1).2

Four general categories of diabetes are recognized:

Type 1: Insulin deficiency secondary to autoimmune
destruction of beta-cells.

Type 2: Diabetes due to peripheral insulin resistance. It
generally presents with hyperinsulinemia at the time of
diagnosis, but can progress to insulin deficiency as the
disease advances.’

Type 3: This is a “catch all” category — a long list of rare
and not so rare causes of diabetes including pancreati-
tis, hemochromatosis, Mature Onset Diabetes of Youth
(monogenic diabetes), other genetic deficiencies, medi-
cations, and idiopathic causes.

Type 4: Gestational diabetes.

Most patients in a general practice setting fall into the
first two categories, with almost 90% considered type 2,
and 10% type 1.4

There are three problems with this classification system.
First, it is dependent on the putative etiology underlying
the diabetes; and, except for a handful of antibody tests,
there are few good objective criteria to distinguish one
etiology from another. Instead, identification or clas-
sification of each type of diabetes is based on a vague
set of clinical parameters which are not diagnostic, but
probabilistic, simply providing clues to help categorize
a patient. Thus, a child presenting with elevated blood
glucose is considered to have type 1, while an adult with
elevated blood glucose is type 2. This imprecise method-
ology can lead to inaccurate categorization of patients.
With the increasing incidence of childhood obesity, an
obese child with an elevated blood sugar may be type 2
or type 1. Indeed, depending on geographic location,
8-45% of children with newly diagnosed diabetes have
non immune-mediated diabetes.! To further muddy the
water, many patients are presenting with clinical and
biochemical features of both type 1 and type 2 diabetes.’
Further, immune-mediated diabetes can occur at any
age, even in the 8th and 9th decades of life,' and it is
now believed that between 10%-30% of adults with
diabetes originally labeled as type 2, in fact have Latent
Autoimmune Disease of the Adult.®
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TABLE |: AMERICAN DIABETES ASSOCIATION ETIOLOGIC CLASSIFICATION OF DIABETES MELLITUS.

A. Immune mediated
B. Idiopathic

secretory defect with insulin resistance)

Ill. Other specific types

diabetes; Others

Fibrocalculous pancreatopathy; Others

Somatostatinoma; Aldosteronoma; Others

dystrophy; Porphyria; PraderWilli syndrome; Others

IV. Gestational diabetes mellitus

l. Type | diabetes (B-cell destruction, usually leading to absolute insulin deficiency)

IIl. Type Il diabetes (may range from predominantly insulin resistance with relative insulin deficiency to a predominantly

A.  Genetic defects of B-cell function: Chromosome | 2, HNF-1o MODY3); Chromosome 7, glucokinase (MODY2);
Chromosome 20, HNF-4o. (MODY1); Mitochondrial DNA; Others

B. Genetic defects in insulin action: Type A insulin resistance; Leprechaunism; Rabson-Mendenhall syndrome; Lipoatrophic

C. Diseases of exocrine prancreas: Pancreatitis; Trauma/pancreatectomy; Neoplasia; Cystic fibrosis; Hemochromatosis;

D. Endocrinopathies: Acromegaly; Cushing’s syndrome; Glucagonoma; Pheochromocytoma; Hyperthyroidism;

E.  Drug- or chemical-induced: Vacor; Pentamidine; Nicotine acid; Glucocorticoids; Thyroid hormone; Diazoxide;
[3-adrenergic agonists; Thiazides; Dilantin; a-Interferon; Others

F. Infections: Congenital rubella; Cytomegalovirus; Others

G.  Uncommon forms of immune-mediated diabetes: “Stiff-man” syndrome; Anti-insulin receptor antibodies; Others

H. Other genetic syndromes sometimes associated with diabetes: Down’s syndrome; Klinefelter's syndrome; Turner’s

syndrome; Wolfram'’s syndrome; Friedreich’s ataxia; Huntington’s chorea; Laurence-Moon-Bied! syndrome; Myotonic

To further complicate the picture, up to 15% of children
considered to have autoimmune disease do not have posi-
tive antibodies.!”® While some antibodies are known to
occur transiently;’ it is likely that we do not know all the
antibodies that play a role in the development of diabetes.
Furthermore, while autoimmune destruction is clearly
the cause of beta-cell dysfunction in many people with
insulin deficient diabetes, perhaps there are other, yet to
be discovered, processes that cause beta-cell death.

Thus, a second limitation of the ADA classification system
is that the categories are defined by what we already know
about the different etiologies underlying diabetes. There
is no room for a person with diabetes whose pathology is
yet to be defined. If one were to create a theoretical list
of all the possible ways the normal physiologic pathway
of glucose metabolism could be disrupted, an enormous
number of causes for diabetes could be imputed (Table 1).
We know that decreased insulin production can be due

to autoimmune beta-cell destruction. It can also be due
to enzymatic deficiencies in the production pathway, to
inflammation of the beta cells, to a deposition-type disease;
it could be due to the lack of a cell receptor that turns on a
beta cell; it could be due to a liver that cannot produce the
appropriate feedback loops to stimulate the pancreas — or
to a problem with any one of the number of stimulatory
hormonal pathways/feedback loops. The presentation of
diabetes may have nothing to do with pancreatic dysfunc-
tion, but may be due to a defective insulin molecule, muta-
tions of the insulin receptor in the periphery, or defects in
the post-receptor signal transduction pathway.

Some of the above pathologies are already known and
well described.! Autoimmune destruction of the beta cell
has been understood for over ten years, Mature Onset
of Diabetes of Youth (monogenic diabetes) are now
recognized as single genetic deficiencies in the insulin
production pathway.'!!
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Third, the etiology-based ADA classification system is
limited in its clinical usefulness because of its inability to
accurately direct medical management. Diabetes, regard-
less of type, is a progressive disease.»'*'* Endogenous
insulin production and peripheral insulin sensitivity
change with time. Early on in the disease, an individual
with type 2 diabetes is hyperinsulinemic; with disease
progression, they may become insulin deficient. Thus,
etiology does not accurately reflect physiologic state, and
unless insulin state is specifically determined, there is no
way of knowing where in the disease process a patient is
at any point in time. Regardless, current first line therapy
for type 2 diabetes is invariably an oral hypoglycemic,
with additional oral medications introduced in a stepwise
fashion as the disease progresses. Which oral hypoglyce-
mic is used first, and the order by which medications are
subsequently added, is largely determined by physician
preference, patient tolerance, and trial and error.’ The
choice has little to do with targeting the patient’s specific
deficiencies in the glucose metabolic pathway.

Multiple classes of treatment agents are now available.
Each class targets a specific aspect of the glucose meta-
bolic pathway. Metformin reduces hepatic gluconeoge-
nisis; sulfonylureas and meglitinides increase endogenous
insulin secretion; thiazolidinediones increase peripheral
insulin sensitivity; alpha-glucosidase inhibitors decrease
glucose absorption in the gut. Exogenous insulin obvi-
ously increases insulin supply. Recently incretins (pram-
lintide, exenatide), gut hormones that amplify insulin
secretion and tissue response, have become available.
Surely, this diversity in available treatments should allow
us to tailor medical management to a specific insulin
state — how much endogenous insulin the patient is
producing, or their degree of insulin resistance.

THE CONCEPT OF INSULIN STATE: AN ALTERNATIVE
MODEL FOR DEFINING DIABETES

To resolve the clinical deficiencies of the ADA system,
which groups patients according to disease etiology,
an alternative model is proposed which character-
izes patients by insulin state, a condition defined by
two continuous parameters: capacity for endogenous
insulin secretion, and level of insulin resistance. In
the continuum for endogenous insulin production, the
insulin deficient patient is at one end, and the insulin
overproducer at the other. In the continuum for periph-
eral insulin resistance (or its reciprocal, sensitivity)
the patient with insulin sensitivity is at one extreme,
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Figure 1: Insulin state model. A = classic type 1 patient with insulin
deficiency and insulin sensitivity. B = classic type two with insulin
resistance and overproduction.

and the one with severe insulin resistance at the other.
The two continua can be superimposed and placed at
90 degrees to each other to create four quadrants.
(Figure 1). Thus, a person who is insulin deficient and
insulin sensitive (the classic type 1 patient) is in the
upper left corner of the upper left quadrant. A person
who is over-producing insulin and is insulin resistant
is in the lower right quadrant.

While each quadrant could be considered a representa-
tion of a certain “type” of diabetes, this interpretation
is discouraged, because it is essential to this model to
understand that a person’s insulin state, or diabetic
phenotype, is fluid. With progression of the disease and
the development of co-morbidities, both endogenous
insulin production and relative peripheral sensitivity
may change, and a person with diabetes may move from
one quadrant to another. Thus, the classic type 1 patient
with insulin deficiency and insulin sensitivity at diagnosis
may not remain in the upper left quadrant. With progres-
sive weight gain, the individual may develop increasing
insulin resistance, shifting him gradually toward the
lower left corner of the lower left quadrant (Figure 2).
The classic type 2 patient with insulin over-production
and peripheral insulin resistance at diagnosis, typically
becomes even more insulin resistant with progression
of their disease. This increased resistance is initially
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Figure 2: Changing insulin state as a result of disease progression.

A = increasing insulin resistance in a type 1. B = increasing insulin
resistance accompanied by increase insulin production, with eventual
insulin deficiency.

met by an increase in insulin production, shifting the
patient’s insulin state toward the bottom right corner
of the right lower quadrant. Eventually, these increased
demands on the pancreas can lead to beta-cell “burnout”
and subsequent insulin deficiency, shifting the patient’s
insulin state to the lower left quadrant. (Figure 2-B).
Thus, though at diagnosis patients with type 1 and type
2 diabetes have very different insulin states, with progres-
sion of disease their phenotypes may become increasingly
similar, and they appear in the same quadrant.

Ideally, as stated previously, establishing a patient’s posi-
tion along each of the continua should be dependent on a
set of objective data. The current gold standard for assess-
ment of beta-cell function and insulin sensitivity is the
hyperinsulinemic-euglycemic clamp.!>"> However, this
method is labor intensive, costly, and therefore, imprac-
tical for clinical application. Simpler surrogate indices,
such as serum insulin, c-peptide, and blood glucose!!1¢-%?
can provide information about insulin production and
peripheral insulin resistance.”” Thus, a low c-peptide or
serum insulin with a normal blood glucose reflects nor-
mal beta-cell function; a low c-peptide or serum insulin
with a high blood glucose indicates insulin deficiency; a
high c-peptide or serum insulin with a slightly elevated
fasting blood glucose (e.g. 110mg/dl) implies sufficient
insulin supply but relative insulin resistance; and a high
c-peptide or serum insulin with a high blood glucose
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indicates more severe insulin resistance and relative
insulin deficiency.

Caveats

Serum insulin and c-peptide measurements are often
criticized for their lack of reproducibility. Oscillatory
release, sensitivity to other hormonal influences, the
lack of a linear relationship between glucose and insulin
levels, are some of the many factors that can cause varia-
tions in measurement.!"? Furthermore, while an elevated
plasma insulin or c-peptide concentration in the presence
of a high plasma glucose implies a state of insulin resis-
tance, this concept has not been completely validated.'?
However, despite these two potential shortcomings, sev-
eral studies have demonstrated that these simple indices
are clinically useful to characterize insulin production
and peripheral insulin resistance.!>1718:23,24.25.26

MANAGEMENT OF DIABETES ACCORDING TO

INSULIN STATE

The advantage of approaching diabetes by characteriza-
tion of insulin state is that it provides specific information
so that medications can be selected based on the patient’s
actual physiologic needs. To date, management for the
classic type 2 patient (insulin over-producer secondary to
peripheral insulin resistance) usually begins with one oral
medication. With worsening blood glucose control over
time, a second and often a third agent are added in a trial
and error fashion, and insulin is usually introduced as an
agent of last resort.!* However, as noted earlier, worsen-
ing blood glucose control may be the result of worsening
peripheral resistance or it may be due to diminishing
insulin supply. Prescribing a sulfonylurea (usually a first or
second line choice by family physicians) to a patient who
has failing beta cell function would not provide nearly
as good results as prescribing insulin glargine. By tailor-
ing medications to objective lab data, management can
become more proactive, and glycemic control attained
more rapidly. It may also save considerable expense on
unnecessary prescriptions, and avoid prolonged periods
of poor control with subsequent reduction in long term
complications.

Conceptualizing a person’s diabetes in terms of insulin
state provides numerous other advantages. First, because
characterization of insulin state is based on objective
data, this model eliminates the possibility of “misdiagnos-
ing” the type and mismanaging the diabetes. Increasingly,
with the availability of commercial antibody tests, adults
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across all age groups are being diagnosed with positive
antibodies. As many as thirty percent of adults with
presumed type 2 diabetes are now believed to have been
misclassified, often resulting in a delay in the initiation
of insulin therapy.*®

A second advantage is that the same approach can be
used in all patients with diabetes. This not only simplifies
management but standardizes it, assuring proper manage-
ment even if the underlying etiology of the diabetes is
not known or clearly understood.

Finally, attention to insulin state accommodates pro-
gression of disease. Whenever a patient presents with
worsening diabetic control, assessment of the individual’s
insulin state can be made, and treatment subsequently
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tailored to match the new state. This approach can help
dispel ambiguity about whether poor control is due to
patient non-compliance or out-of-date management of
a progressive disease.

CONCLUSION: INSULIN STATE SHOULD BE USED
WITH THE ADA CLASSIFICATION

Obviously, to promote understanding of diabetes pathology,
it is important to continue to categorize diabetes in terms of
etiology. At diagnosis, the patient’s type of diabetes should
be established with the help of pancreatic cell antibodies
and probabilistic clinical parameters such as age at time of
onset. Regardless of the outcome, however, insulin state
should also be established so that management can be tai-
lored to the patient’s physiologic deficiencies, thus ensuring
optimal management of each individual.
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