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C H A P T E R 24 The Endocrine System
Table 24-7 Type 1 Versus Type 2 Diabetes Mellitus

Type 1 Diabetes Mellitus

Type 2 Diabetes Mellitus

Clinical
Onset: usually childhood and
adolescence

Onset: usually adult; increasing
incidence in childhood and
adolescence

Normal weight or weight loss
preceding diagnosis

Vast majority are obese (80%)

Progressive decrease in insulin levels

Increased blood insulin (early);
normal or moderate decrease in
insulin (late)

Circulating islet autoantibodies
(anti-insulin, anti-GAD, anti-ICA512)

No islet autoantibodies

Diabetic ketoacidosis in absence of
insulin therapy

Nonketotic hyperosmolar coma
more common

Genetics
Major linkage to MHC class II genes;
also linked to polymorphisms in
CTLA4 and PTPN22, and insulin
gene VNTRs

No HLA linkage; linkage to
candidate diabetogenic and
obesity-related genes (TCF7L2,
PPARG, FTO, etc.)

Pathogenesis
Dysfunction in T cell selection and
regulation leading to breakdown in
self-tolerance to islet autoantigens

Insulin resistance in peripheral
tissues, failure of compensation
by β-cells
Multiple obesity-associated factors
(circulating nonesterified fatty
acids, inflammatory mediators,
adipocytokines) linked to
pathogenesis of insulin resistance

Pathology
Insulitis (inflammatory infiltrate of T
cells and macrophages)
β-cell depletion, islet atrophy

No insulitis; amyloid deposition in
islets
Mild β-cell depletion

HLA, Human leukocyte antigen; MHC, major histocompatibility complex; VNTRs, variable
number of tandem repeats.

Thus, fasting plasma glucose levels are determined primarily by hepatic glucose output. Following a meal, insulin
levels rise and glucagon levels fall in response to the large
glucose load. Insulin promotes glucose uptake and utilization in tissues (discussed later). The skeletal muscle is the
major insulin-responsive site for postprandial glucose utilization, and is critical for preventing hyperglycemia and
maintaining glucose homeostasis.

channel on the membrane, which comprises two subunits:
an ATP-sensitive K+ channel and the sulfonylurea receptor,
the latter being the binding site for oral hypoglycemic
agents (sulfonylureas), one of the several classes of drugs
used in the treatment of diabetes (see later). Metabolism of
glucose generates ATP, which inhibits the activity of the
ATP-sensitive K+ channel, leading to membrane depolarization and the influx of Ca2+. The resultant increase in
intracellular Ca2+ stimulates secretion of insulin, presumably from stored hormone within the β-cell granules. This
is the phase of immediate release of insulin. If the secretory
stimulus persists, a delayed and protracted response
follows that involves active synthesis of insulin.
Oral intake of food leads to secretion of multiple hormones that play a role in glucose homeostasis and satiety.
Of these, the most important class of hormones responsible
for promoting insulin secretion from pancreatic β cells following feeding is the incretins. Two incretins have been
identified: glucose-dependent insulinotropic polypeptide (GIP),
secreted by enteroendocrine “K cells” in the proximal small
bowel, and glucagon-like peptide-1 (GLP-1), secreted by “L
cells” in the distal ileum and colon. The elevation in GIP
and GLP-1 levels following oral food intake is known as
the “incretin effect.” In addition to increased insulin secretion from β cells, these hormones also reduce glucagon
secretion and delay gastric emptying, which promotes
satiety. Once released, circulating GIP and GLP-1 are
degraded in circulation by a class of enzymes known as
dipeptidyl peptidase (DPPs), especially DPP-4. The “incretin effect” is significantly blunted in patients with type 2
diabetes, and efforts to restore incretin function can lead to
improved glycemic control and loss of weight (through
restoration of satiety). These observations have resulted in
the development of two new classes of drugs for patients
with type 2 diabetes: GLP-1 receptor agonists, which are
synthetic GLP-1 mimetics that bind to, and activate the
GLP-1 receptor on islet and extrapancreatic sites, and
DPP-4 inhibitors, which enhance levels of endogenous
incretins by delaying their degradation.
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Regulation of Insulin Release
Insulin is produced in the β cells of the pancreatic islets
(Fig. 24-27) as a precursor protein and is proteolytically
cleaved in the Golgi complex to generate the mature
hormone and a peptide byproduct, C-peptide. Both insulin
and C-peptide are then stored in secretory granules and
secreted in equimolar quantities after physiologic stimulation; thus, C-peptide levels serve as a surrogate for β-cell
function, decreasing with loss of β-cell mass in type 1 diabetes, or increasing with insulin resistance-associated
hyperinsulinemia.
The most important stimulus for insulin synthesis and
release is glucose itself. An increase in blood glucose
levels results in glucose uptake into pancreatic β cells,
facilitated by an insulin-independent glucose-transporter,
GLUT-2 (Fig. 24-28). β cells express an ATP-sensitive K+
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Figure 24-28 Insulin synthesis and secretion. The influx of glucose into β cells
through the GLUT-2 receptors initiates a cascade of signaling events that
culminates in Ca2+-induced release of stored insulin (see text for details).
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