2404 peripancreatic lymph nodes, and systemic circulation; (3) T lym-

phocytes that proliferate when stimulated with islet proteins; and
(4) release of cytokines within the insulitis. Beta cells seem to be
particularly susceptible to the toxic effect of some cytokines (tumor
necrosis factor α [TNF-α], interferon γ, and interleukin 1 [IL-1]). The
precise mechanisms of beta cell death are not known but may involve
formation of nitric oxide metabolites, apoptosis, and direct CD8+
T cell cytotoxicity. The islet destruction is mediated by T lymphocytes
rather than islet autoantibodies, as these antibodies do not generally
react with the cell surface of islet cells and are not capable of transferring DM to animals. Efforts to suppress the autoimmune process at
the time of diagnosis of diabetes have largely been ineffective or only
temporarily effective in slowing beta cell destruction.
Pancreatic islet molecules targeted by the autoimmune process
include insulin, glutamic acid decarboxylase (GAD; the biosynthetic
enzyme for the neurotransmitter GABA), ICA-512/IA-2 (homology
with tyrosine phosphatases), and a beta cell–specific zinc transporter
(ZnT-8). Most of the autoantigens are not beta cell–specific, which
raises the question of how the beta cells are selectively destroyed.
Current theories favor initiation of an autoimmune process directed at
one beta cell molecule, which then spreads to other islet molecules as
the immune process destroys beta cells and creates a series of secondary autoantigens. The beta cells of individuals who develop type 1 DM
do not differ from beta cells of normal individuals because islets transplanted from a genetically identical twin are destroyed by a recurrence
of the autoimmune process of type 1 DM.
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Immunologic Markers Islet cell autoantibodies (ICAs) are a composite
of several different antibodies directed at pancreatic islet molecules
such as GAD, insulin, IA-2/ICA-512, and ZnT-8, and serve as a marker
of the autoimmune process of type 1 DM. Assays for autoantibodies
to GAD-65 are commercially available. Testing for ICAs can be useful
in classifying the type of DM as type 1 and in identifying nondiabetic
individuals at risk for developing type 1 DM. ICAs are present in the
majority of individuals (>85%) diagnosed with new-onset type 1 DM,
in a significant minority of individuals with newly diagnosed type 2
DM (5–10%), and occasionally in individuals with GDM (<5%). ICAs
are present in 3–4% of first-degree relatives of individuals with type 1
DM. In combination with impaired insulin secretion after IV glucose
tolerance testing, they predict a >50% risk of developing type 1 DM
within 5 years. At present, the measurement of ICAs in nondiabetic
individuals is a research tool because no treatments have been demonstrated to prevent the occurrence or progression to type 1 DM.
Environmental Factors Numerous environmental events have been
proposed to trigger the autoimmune process in genetically susceptible
individuals; however, none have been conclusively linked to diabetes.
Identification of an environmental trigger has been difficult because
the event may precede the onset of DM by several years (Fig. 417-6).
Putative environmental triggers include viruses (coxsackie, rubella,
enteroviruses most prominently), bovine milk proteins, and nitrosourea compounds. There is increasing interest in the microbiome and
type 1 diabetes (Chap. 86e).
Prevention of Type 1 DM A number of interventions have prevented
diabetes in animal models. None of these interventions have been successful in preventing type 1 DM in humans. For example, the Diabetes
Prevention Trial–Type 1 concluded that administering insulin (IV or
PO) to individuals at high risk for developing type 1 DM did not prevent type 1 DM. This is an area of active clinical investigation.
TYPE 2 DM
Insulin resistance and abnormal insulin secretion are central to the
development of type 2 DM. Although the primary defect is controversial, most studies support the view that insulin resistance precedes an
insulin secretory defect but that diabetes develops only when insulin
secretion becomes inadequate. Type 2 DM likely encompasses a range
of disorders with common phenotype of hyperglycemia. Most of
our current understanding (and the discussion below) of the pathophysiology and genetics is based on studies of individuals of European
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descent. It is becoming increasing apparent that DM in other ethnic
groups (Asian, African, and Latin American) has a somewhat different,
but yet undefined, pathophysiology. In general, Latinos have greater
insulin resistance and East Asians and South Asians have more beta
cell dysfunction, but both defects are present in both populations. East
and South Asians appear to develop type 2 DM at a younger age and a
lower BMI. In some groups, DM that is ketosis prone (often obese) or
ketosis-resistant (often lean) is seen.
GENETIC CONSIDERATIONS
Type 2 DM has a strong genetic component. The concordance of
type 2 DM in identical twins is between 70 and 90%. Individuals
with a parent with type 2 DM have an increased risk of diabetes;
if both parents have type 2 DM, the risk approaches 40%. Insulin resistance, as demonstrated by reduced glucose utilization in skeletal muscle, is present in many nondiabetic, first-degree relatives of individuals
with type 2 DM. The disease is polygenic and multifactorial, because in
addition to genetic susceptibility, environmental factors (such as obesity, nutrition, and physical activity) modulate the phenotype. The in
utero environment also contributes, and either increased or reduced
birth weight increases the risk of type 2 DM in adult life. The genes that
predispose to type 2 DM are incompletely identified, but recent
genome-wide association studies have identified a large number of
genes that convey a relatively small risk for type 2 DM (>70 genes, each
with a relative risk of 1.06–1.5). Most prominent is a variant of the
transcription factor 7–like 2 gene that has been associated with type 2
DM in several populations and with IGT in one population at high risk
for diabetes. Genetic polymorphisms associated with type 2 DM have
also been found in the genes encoding the peroxisome proliferator–
activated receptor γ, inward rectifying potassium channel, zinc transporter, IRS, and calpain 10. The mechanisms by which these genetic
loci increase the susceptibility to type 2 DM are not clear, but most are
predicted to alter islet function or development or insulin secretion.
Although the genetic susceptibility to type 2 DM is under active investigation (it is estimated that <10% of genetic risk is determined by loci
identified thus far), it is currently not possible to use a combination of
known genetic loci to predict type 2 DM.
Pathophysiology Type 2 DM is characterized by impaired insulin
secretion, insulin resistance, excessive hepatic glucose production, and
abnormal fat metabolism. Obesity, particularly visceral or central (as
evidenced by the hip-waist ratio), is very common in type 2 DM (≥80%
of patients are obese). In the early stages of the disorder, glucose tolerance remains near-normal, despite insulin resistance, because the pancreatic beta cells compensate by increasing insulin output (Fig. 417-7).
As insulin resistance and compensatory hyperinsulinemia progress,
the pancreatic islets in certain individuals are unable to sustain the
hyperinsulinemic state. IGT, characterized by elevations in postprandial glucose, then develops. A further decline in insulin secretion and
an increase in hepatic glucose production lead to overt diabetes with
fasting hyperglycemia. Ultimately, beta cell failure ensues. Although
both insulin resistance and impaired insulin secretion contribute to
the pathogenesis of type 2 DM, the relative contribution of each varies
from individual to individual.
Metabolic Abnormalities • Abnormal muscle and fat metabolism Insulin
resistance, the decreased ability of insulin to act effectively on target
tissues (especially muscle, liver, and fat), is a prominent feature of type
2 DM and results from a combination of genetic susceptibility and
obesity. Insulin resistance is relative, however, because supranormal
levels of circulating insulin will normalize the plasma glucose. Insulin
dose-response curves exhibit a rightward shift, indicating reduced
sensitivity, and a reduced maximal response, indicating an overall
decrease in maximum glucose utilization (30–60% lower than in
normal individuals). Insulin resistance impairs glucose utilization by
insulin-sensitive tissues and increases hepatic glucose output; both
effects contribute to the hyperglycemia. Increased hepatic glucose
output predominantly accounts for increased FPG levels, whereas
decreased peripheral glucose usage results in postprandial hyperglycemia. In skeletal muscle, there is a greater impairment in nonoxidative
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