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2403systemic circulation where it binds to receptors in target sites. Insulin 

binding to its receptor stimulates intrinsic tyrosine kinase activity, lead-
ing to receptor autophosphorylation and the recruitment of intracel-
lular signaling molecules, such as insulin receptor substrates (IRS). IRS 
and other adaptor proteins initiate a complex cascade of phosphory-
lation and dephosphorylation reactions, resulting in the widespread 
metabolic and mitogenic effects of insulin. As an example, activation 
of the phosphatidylinositol-3′-kinase (PI-3-kinase) pathway stimulates 
translocation of a facilitative glucose transporter (e.g., GLUT4) to 
the cell surface, an event that is crucial for glucose uptake by skeletal 
muscle and fat. Activation of other insulin receptor signaling pathways 
induces glycogen synthesis, protein synthesis, lipogenesis, and regula-
tion of various genes in insulin-responsive cells.

PATHOGENESIS

TYPE 1 DM
Type 1 DM is the result of interactions of genetic, environmental, 
and immunologic factors that ultimately lead to the destruction of 
the pancreatic beta cells and insulin deficiency. Type 1 DM, which 
can develop at any age, develops most commonly before 20 years of 
age. Worldwide, the incidence of type 1 DM is increasing at the rate 
of 3–4% per year for uncertain reasons. Type 1 DM results from auto-
immune beta cell destruction, and most, but not all, individuals have 
evidence of islet-directed autoimmunity. Some individuals who have 
the clinical phenotype of type 1 DM lack immunologic markers indica-
tive of an autoimmune process involving the beta cells and the genetic 
markers of type 1 DM. These individuals are thought to develop 
insulin deficiency by unknown, nonimmune mechanisms and may be 
ketosis prone; many are African American or Asian in heritage. The 
temporal development of type 1 DM is shown schematically as a func-
tion of beta cell mass in Fig. 417-6. Individuals with a genetic suscep-
tibility are thought to have normal beta cell mass at birth but begin to 
lose beta cells secondary to autoimmune destruction that occurs over 
months to years. This autoimmune process is thought to be triggered 
by an infectious or environmental stimulus and to be sustained by a 
beta cell–specific molecule. In the majority of patients, immunologic 
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FIGURE 417-6 Temporal model for development of type 1 dia-
betes. Individuals with a genetic predisposition are exposed to a 
trigger that initiates an autoimmune process, resulting in a gradual 
decline in beta cell mass. The downward slope of the beta cell mass 
varies among individuals and may not be continuous. This progres-
sive impairment in insulin release results in diabetes when ~80% of 
the beta cell mass is destroyed. A “honeymoon” phase may be seen 
in the first 1 or 2 years after the onset of diabetes and is associated 
with reduced insulin requirements. (Adapted from ER Kaufman: Medical 
Management of Type 1 Diabetes, 6th ed. American Diabetes Association, 
Alexandria, VA, 2012.)

markers appear after the triggering event but before diabetes becomes 
clinically overt. Beta cell mass then begins to decrease, and insulin 
secretion progressively declines, although normal glucose tolerance is 
maintained. The rate of decline in beta cell mass varies widely among 
individuals, with some patients progressing rapidly to clinical diabetes 
and others evolving more slowly. Features of diabetes do not become 
evident until a majority of beta cells are destroyed (70–80%). At this 
point, residual functional beta cells exist but are insufficient in number 
to maintain glucose tolerance. The events that trigger the transition 
from glucose intolerance to frank diabetes are often associated with 
increased insulin requirements, as might occur during infections 
or puberty. After the initial clinical presentation of type 1 DM, a 
“honeymoon” phase may ensue during which time glycemic control is 
achieved with modest doses of insulin or, rarely, insulin is not needed. 
However, this fleeting phase of endogenous insulin production from 
residual beta cells disappears and the individual becomes insulin defi-
cient. Many individuals with long-standing type 1 DM produce a small 
amount of insulin (as reflected by C-peptide production), and some 
individuals with more than 50 years of type 1 DM have insulin-positive 
cells in the pancreas at autopsy.

GENETIC CONSIDERATIONS
Susceptibility to type 1 DM involves multiple genes. The concor-
dance of type 1 DM in identical twins ranges between 40 and 
60%, indicating that additional modifying factors are likely 

involved in determining whether diabetes develops. The major suscep-
tibility gene for type 1 DM is located in the HLA region on chromo-
some 6. Polymorphisms in the HLA complex account for 40–50% of 
the genetic risk of developing type 1 DM. This region contains genes 
that encode the class II major histocompatibility complex (MHC) mol-
ecules, which present antigen to helper T cells and thus are involved in 
initiating the immune response (Chap. 373e). The ability of class II 
MHC molecules to present antigen is dependent on the amino acid 
composition of their antigen-binding sites. Amino acid substitutions 
may influence the specificity of the immune response by altering the 
binding affinity of different antigens for class II molecules.

Most individuals with type 1 DM have the HLA DR3 and/or DR4 
haplotype. Refinements in genotyping of HLA loci have shown that 
the haplotypes DQA1*0301, DQB1*0302, and DQB1*0201 are most 
strongly associated with type 1 DM. These haplotypes are present in 
40% of children with type 1 DM as compared to 2% of the normal U.S. 
population. However, most individuals with predisposing haplotypes 
do not develop diabetes.

In addition to MHC class II associations, genome association stud-
ies have identified at least 20 different genetic loci that contribute 
susceptibility to type 1 DM (polymorphisms in the promoter region of 
the insulin gene, the CTLA-4 gene, interleukin 2 receptor, CTLA4, and 
PTPN22, etc.). Genes that confer protection against the development 
of the disease also exist. The haplotype DQA1*0102, DQB1*0602 is 
extremely rare in individuals with type 1 DM (<1%) and appears to 
provide protection from type 1 DM.

Although the risk of developing type 1 DM is increased tenfold in 
relatives of individuals with the disease, the risk is relatively low: 3–4% 
if the parent has type 1 DM and 5–15% in a sibling (depending on 
which HLA haplotypes are shared). Hence, most individuals with type 
1 DM do not have a first-degree relative with this disorder.

Pathophysiology Although other islet cell types (alpha cells [glucagon-
producing], delta cells [somatostatin-producing], or PP cells [pancre-
atic polypeptide-producing]) are functionally and embryologically 
similar to beta cells and express most of the same proteins as beta cells, 
they are spared from the autoimmune destruction. Pathologically, 
the pancreatic islets have a modest infiltration of lymphocytes (a 
process termed insulitis). After beta cells are destroyed, it is thought 
that the inflammatory process abates and the islets become atrophic. 
Studies of the autoimmune process in humans and in animal models 
of type 1 DM (NOD mouse and BB rat) have identified the following 
abnormalities in the humoral and cellular arms of the immune system:  
(1) islet cell autoantibodies; (2) activated lymphocytes in the islets, 
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