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PATHOLOGY OF DIABETES MELLITUS

Dr. J.C. English

INTRODUCTION
Robbins defines Diabetes Mellitus as a chronic disorder affecting carbohydrate, lipid and protein metabolism.  The underlying etiologies of DM may be many and varied, but all are characterized in the untreated state by hyperglycemia, which reflects the body's inability to utilize glucose, either because of an absolute or relative insufficiency of insulin, or a defect in cellular response to insulin.  Before the isolation of insulin from animals, people stricken with the insulin‑dependent form of DM could expect to die within a year of diagnosis, primarily from the metabolic derangement known as ketoacidosis.  Treatment with purified or recombinant insulin has reduced this outcome to only 1% of insulin‑dependent diabetic patients, yet the 1 in 300 persons affected will nevertheless have a greatly reduced life expectancy.

The last ten to twenty years has witnessed greater understanding of the pathogenesis of DM, as well as refinements in classification and treatment.  While there are major differences between the two major phenotypic expressions of this genetically determined disorder, Type I (Insulin‑dependent DM, IDDM) (10‑20%) and Type II (Non‑insulin dependent DM, NIDDM) (80‑90%), it must be stressed that both types generate the long‑term complications of angiopathy, nephropathy, neuropathy and retinopathy that are responsible for the increased mortality suffered by these patients, and which accounts for DM as being the seventh leading cause of death (U.S.).

THE ENDOCRINE PANCREAS
Approximately 1 million islets of Langerhans are present within the pancreas, most located in the body and tail.  These units contain a varied population of cells that manufacture and secrete different hormones:

· beta cells ‑ 70% of cells, insulin
· alpha cells ‑ 20%, glucagons

· delta cells ‑ 5‑10%, somatostatin

· PP cells ‑ 1‑2%, pancreatic polypeptide

· D1 cells ‑ rare, vasoactive intestinal peptide (VIP)

· enterochromaffin cells ‑ rare, serotonin

In the normal subject, approximately 80% of the total beta cell mass must be lost before overt diabetes ensues.  This becomes a consideration in some of the secondary causes of diabetes mellitus:

1.
pancreatitis

2.
post‑pancreatectomy (tumor, trauma, inflammation)

3.
hemochromatosis

Other uncommon, but recognized causes of secondary DM include:

4.
endocrine disease (acromegaly, Cushing's syndrome, glucagonoma, phaeochromocytoma)

5.
drugs (antihypertensives, thiazide diuretics)

6.
genetic syndromes (lipodystrophy).
PATHOGENESIS OF DIABETES MELLITUS
A)
Type I Diabetes
Type I DM results from an absolute deficiency in insulin secondary to a reduced beta‑cell mass.  A currently favoured hypothesis invokes three basic components:

1.
genetic susceptibility (e.g. HLA‑DR3, ‑DR4)

2.
autoimmune reaction to islet beta cells

3.
initiating environmental insult (e.g. virus, chemical, etc.).

A possible sequence of events is schematically depicted in Figure 1.  (1)  In an individual that is genetically susceptible, some foreign antigen that closely resembles a native antigen found on pancreatic beta cells encounters, and is ingested by, a macrophage.  (2)  The antigen is processed by the macrophage and is presented to a helper T‑cell in association with a class II MHC molecule.  (3)  The T‑cell secretes cytokines (interleukins) that stimulate and cause the proliferation of other cells of the immune system, such as cytotoxic T‑cells, other helper T‑cells and B‑cells, which produce specific antibodies.  (4)  These antibodies and the specific, sensitized T‑cells travel to the pancreas, where they recognize beta cells bearing a nearly identical, but native antigen in association with an MHC‑I molecule.  The attack begins.  The beta cell is damaged by the action of cytotoxic T‑cells (5), natural killer cells (6), macrophages (7), complement (8), or by direct antibody action (9).  Damage to the beta cell may cause the release of native autoantigen into the circulation, where it would be processed by macrophages and further amplify the immune response against itself (10).  The damaged cells release cytoplasmic proteins, heat‑shock proteins and proinsulin (11), which are normally protected from immune surveillance and thus generate an immune response of their own.  The distressed cells overexpress MHC‑I and ‑II molecules (*) that contribute to the immune cascade.  The combined effect of all these insults, plus those contributed by free radical damage, overwhelm the beta cell and death ensues.
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B)
Type II Diabetes Mellitus
1.
genetic factors more important than in type I DM

2.
age related

3.
obesity related

4.
no evidence of an autoimmune mechanism.

Less is known about the pathogenesis of type II DM than about type I.  Evidence points to two biochemical defects ‑ relative decrease in insulin and insulin resistance.  It is also uncertain which is the major contributor to the hyperglycemic state.

THEORIES
1.
Relative or absolute insulin deficiency ‑ possibly an age related progressive loss of beta cell ability to manufacture and secrete insulin, or to respond to hyperglycemic stimuli.

2.
Peripheral insulin resistance ‑ complicated by obesity, which causes insulin resistance of its own accord in non‑diabetics,.  Cellular defects which may be operative in insulin resistance include:

a)
decreased numbers of insulin receptors on peripheral cells;

b)
defects in receptor‑associated tyrosine kinase;

c)
post‑receptor defects in the cytoplasmic glucose transport unit proteins.

PATHOGENESIS OF THE COMPLICATIONS OF DIABETES
Most of the evidence currently suggests that the complications of diabetes mellitus are secondary to the chronic metabolic derangements, rather than due to a concomitant inherited defect.  The final common pathway is the production of a microvasculopathy and arteriopathy.  The prime causal factor is prolonged hyperglycemia, but important secondary risk factors include hypertension and hyperlipidemia.

1.
Non‑enzymatic glycosylation of proteins occurs when glucose molecules attach to proteins without the aid of enzymes.  They form several reversible intermediates, but eventually become permanently attached in the form of "advanced glycosylation end products" (AGE's), which cross‑link proteins and, because of their stability, accumulate in vessel walls with the following effects:

a)
bind vessel wall proteins to LDL, increasing cholesterol deposition, promoting atherogenesis;

b)
enhances protein deposition in vessel walls;

c)
impairs interaction between proteins of the basement membrane, altering capillary permeability;

d)
bind to receptors on macrophages and stimulate secretion of cytokines affecting fibroblasts and endothelial cells.

2.
Intracellular disturbances in the polyol pathway secondary to hyperglycemia.  Nerve, lens, kidney and blood vessels do not require insulin for glucose transport, therefore are subject to high intracellular glucose levels.  Metabolism to sorbitol and fructose leads to osmotic injury and cell damage in tissues, such as the lens, where swelling and opacity may result.  There is a concomitant decrease in myo‑inositol content, possibly damaging Schwann cells/pericytes.

1.
DIABETIC VASCULOPATHY
A)
MICROANGIOPATHY  ‑  Widespread lesions involving capillaries, arterioles, venules, characterized by:

i)
diffuse thickening of vascular basement membranes, which results in loss of selective permeability;

ii)
microaneurysm formation.

The most common locations include:


 skin

skeletal muscle

renal medulla
 -renal glomeruli

retina

B)
HYALINE ARTERIOSCLEROSIS  ‑  This change is prevalent in severe diabetics, especially with advanced disease and is associated with hypertension.  It may also be seen in i) diabetics without hypertension; ii) elderly non‑diabetics.

Hyalinization (Greek: hyalos:glass) is especially prominent in renal arterioles.  The material appears homogeneous by light microscopy and is strongly PAS‑positive.  It is formed from the insudation of plasma proteins and fibrin along with proteins produced in the vessel wall, such as collagen fibres and basement membrane material.  There is progressive accumulation of this material with trapping and atrophy of vascular smooth muscle cells and progressive luminal narrowing, which may contribute to hypertension.  The appearance of hyaline arteriosclerosis is schematically drawn below.
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C)
ATHEROSCLEROSIS  ‑  Diabetes is both an independent, as well as an associated risk factor for atherosclerosis.  Women lose their protection against atherosclerosis and have prevalence rates similar to men.  The lesions of diabetic atherosclerosis:


appear earlier than in non‑diabetics (75% of diabetics < 40 years have mod‑severe atherosclerosis);


are more extensive and more likely to develop complications, such as:  ulceration, calcification, aneurysmal dilation, thrombosis and thromboembolism;


involve both large and small vessels, a feature which imparts a poorer prognosis concerning surgical repair of vascular lesions.

Major vascular syndromes that are well‑associated with diabetes include:

1.
coronary artery disease (up to 7 X Normal) ‑ related to duration of disease;

2.
myocardial infarction (cause of death in as many as 20% of diabetics)  ‑  N.B. silent myocardial infarcts, recurrent MI, rupture, congestive heart failure.

3.
stroke (2 X normal incidence).

4.
lower extremity vascular disease  ‑  obstruction below knee (non‑diabetics mainly above knee) with superficial vascular component.  Ischemia, claudication, gangrene are complications.

5.
in men, impotence (affecting as many as 35%).  Vascular obstruction probably 2 X more important than neurogenic causes.

2.
DIABETIC NEPHROPATHY

the kidney is usually the most severely damaged organ in diabetes;


DM is the most common cause of end‑stage renal disease;


nephropathy is more common in type I DM, but will only develop in approximately 40%;


heavy proteinuria and loss of glomerular filtration signify end stage progression to diabetic

glomerulosclerosis;


nephropathy develops in kidneys transplanted in diabetics;  nephropathy may regress following pancreatic transplantation;


prognostic value of early biopsy pathology in diabetics is somewhat limited;  the feature of mesangial widening may portend the ultimate progression to nephropathy.

PATHOLOGIC FEATURES OF DIABETIC NEPHROPATHY
1.
Diabetic Glomerulosclerosis
A)
Capillary basement membrane thickening

part of the spectrum of diabetic microangiopathy;


progressive thickening, concurrent mesangial widening;


tubular basement membrane widening seen also.
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B)
Diffuse glomerulosclerosis

diffuse increase in mesangial matrix and glomerular basement membrane;


progressive expansion over time may cause obliterative glomerulosclerosis.

C)
Nodular glomerulosclerosis (Kimmelstiel‑Wilson disease)

spherical, hyaline masses at the periphery of the glomerulus;


associated with diffuse glomerulosclerosis;


nodules based in mesangium and contain lipids and fibrin.

D)
Capsular drop

eosinophilic, thickened mass of plasma proteins that appears to "hang" from Bowman's capsule.
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2.
Arteriolosclerosis

may affect both the afferent and efferent arterioles.

3.
Large Vessel Atherosclerosis

possibly with atheromatous emboli and infarction.

4.
Armanni‑Ebstein Lesion

peritubular deposits of glycogen, lipid and mucopolysaccharide.

5.
Pyelonephritis and Papillary Necrosis

pyelonephritis reflects the diabetic patient's general susceptibility to infections and is promoted by increased instrumentation and neurogenic bladder dysfunction.


papillary necrosis (necrotizing papillitis) is usually bilateral and represents infarction of the distal portion of the renal papillae.  It often results in acute renal failure.

3.
DIABETIC NEUROPATHY
· does not usually become manifest until years after the onset of diabetes.

cause or causes remain unknown, however, current theories include:

1.
microangiopathy, with local ischemic damage to nerves;

2.
disordered glucose metabolism;

3.
accumulation of products, such as sorbitol, causing injury to Schwann cells.

· most common manifestation is that of a bilateral peripheral polyneuropathy with sensory deficits and parasthesias beginning in the lower limb.  Other recognized syndromes include:

1.
mononeuropathy;

2.
autonomic neuropathy ‑ bowel, bladder, sexual dysfunction;

3.
oculomotor neuropathy;

4.
truncal radiculopathy ‑ pain, mimicking zoster.

· the diabetic foot is characterized by ulcers on the lower extremity and foot

· neuropathy causes loss of sensation and abnormal foot posture

· at points of pressure loading, calluses and hematomas develop, which then break down

· tarsal-metatarsal heads most prone to ulceration

· ischemia, trauma and infection accelerate process

· Charcot (neuropathic) joints (also TMT) often follow minor trauma;  radiographic studies show disorganization of joint and new bone formation.

4.
DIABETIC RETINOPATHY
· fourth leading cause of legal blindness and the leading cause of new cases of blindness in adults;

· other causes of blindness in diabetic patients include:  glaucoma, cataracts and optic neuropathy;

· approximately 60% of diabetics develop retinopathy;  vision‑threatening retinopathy is more common in type I DM;

· duration of diabetes is important in the severity of disease;

· visual handicap depends on involvement of the macula;

· classified into two subgroups:

a)
background retinopathy (85‑90%)


dilated veins - may be one of the earliest findings;  tortuosity and "beading" occurs later.


capillary microaneurysms ‑ appear as small red dots with sharp margins ‑ mostly thin‑walled structures, occasionally hyaline deposits.  Secondary to basement membrane changes and pericyte degeneration.;


cotton‑wool spots ("soft exudates") ‑ white to faint gray color, represent focal ischemic infarcts of nerve fibre layer and occur most often near the optic disc;


"hard exudates" ‑ lipoprotein deposits, more common than soft exudates;


hemorrhages ‑ "dot‑and‑blot" hemorrhages are circular red spots with blurry borders and occur in the middle retinal layers.  "Flame" hemorrhages are more common in hypertensive patients, but may be seen in diabetics and represent bleeding into the superficial nerve fibre layer, the shape imposed by the orientation of the radially dispersed nerve fibres.

b)
proliferative retinopathy

neovascularization ‑ initially, vessels are fine, delicate loops that later acquire a fibrous tissue support.  They arise on the preretinal surface at the posterior fundus and subsequently grow into the vitreous body;


fibrosis;


retinal detachment ‑ maturation of the ingrown fibrovascular tissue into vitreous causes traction detachment;


recurrent vitreal hemorrhages.
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Neovascularization is one of the hallmarks of proliferative retinopathy.  Areas of the retina made ischemic by vascular occlusion serve as the stimulus for new vessel growth (probably under the influence of a number of soluble growth factors (e.g. fibroblast growth factor, FGF).  1.  Small, delicate vessels form on the retinal surface;  these structures have little or no connective tissue support and are prone to rupture, producing preretinal hemorrhages.  2.  Fibrous tissue begins to surround the new vessels and also may serve as a further stimulus for vessel growth.  3.  Vitreous contraction, which may be accelerated in diabetics pulls on the fibrovascular tuft  causing retinal detachment, as well as further hemorrhage.

5.
SKIN LESIONS IN DIABETES MELLITUS 
Skin disorders affect approximately 30% of diabetic patients

A)
Necrobiosis Lipoidica Diabeticorum (NLD) - pretibial non-scaling plaques with atrophic epidermis and thickened, degenerating dermal collagen (necrobiosis).  Ulceration may occur.

b)
Diabetic dermopathy ("skin spots") - bilateral pretibial pigmented patches.  Mainly older males.

c)
Granuloma Annulare - usually on the dorsum of the hand and the arms;  a raised annular border and flattened centre, due to necrobiosis of dermal collagen with excess mucin production.

D)
Injection site lipodystrophy - may take the form of either lipoatrophy, or lipohypertrophy.

