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Four theories, which are not mutually exclusive, on how hyperglycemia might lead to the chronic complications of DM include the following pathways. (1) Increased intracellular glucose leads to the formation
of advanced glycosylation end products, which bind to a cell surface
receptor, via the nonenzymatic glycosylation of intra- and extracellular
proteins, leading to cross-linking of proteins, accelerated atherosclerosis, glomerular dysfunction, endothelial dysfunction, and altered
extracellular matrix composition. (2) Hyperglycemia increases glucose
metabolism via the sorbitol pathway related to the enzyme aldose reductase. However, testing of this theory in humans, using aldose reductase
inhibitors, has not demonstrated beneficial effects. (3) Hyperglycemia
increases the formation of diacylglycerol, leading to activation of protein
kinase C, which alters the transcription of genes for fibronectin, type IV
collagen, contractile proteins, and extracellular matrix proteins in endothelial cells and neurons. (4) Hyperglycemia increases the flux through
the hexosamine pathway, which generates fructose-6-phosphate, a substrate for O-linked glycosylation and proteoglycan production, leading
to altered function by glycosylation of proteins such as endothelial nitric
oxide synthase or by changes in gene expression of transforming growth
factor β (TGF-β) or plasminogen activator inhibitor-1.
Growth factors may play an important role in some diabetes-related
complications, and their production is increased by most of these
proposed pathways. Vascular endothelial growth factor A (VEGF-A)
is increased locally in diabetic proliferative retinopathy and decreases
after laser photocoagulation. TGF-β is increased in diabetic nephropathy and stimulates basement membrane production of collagen and
fibronectin by mesangial cells. A possible unifying mechanism is that
hyperglycemia leads to increased production of reactive oxygen species
or superoxide in the mitochondria; these compounds may activate all
four of the pathways described above. Although hyperglycemia serves
as the initial trigger for complications of diabetes, it is still unknown
whether the same pathophysiologic processes are operative in all complications or whether some pathways predominate in certain organs.
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OPHTHALMOLOGIC COMPLICATIONS OF DIABETES MELLITUS
DM is the leading cause of blindness between the ages of 20 and 74
in the United States. The gravity of this problem is highlighted by the
finding that individuals with DM are 25 times more likely to become
legally blind than individuals without DM. Severe vision loss is primarily the result of progressive diabetic retinopathy and clinically significant macular edema. Diabetic retinopathy is classified into two stages:
nonproliferative and proliferative. Nonproliferative diabetic retinopathy usually appears late in the first decade or early in the second decade
of the disease and is marked by retinal vascular microaneurysms, blot
hemorrhages, and cotton-wool spots (Fig. 419-2). Mild nonproliferative retinopathy may progress to more extensive disease, characterized by changes in venous vessel caliber, intraretinal microvascular
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Figure 419-2 Diabetic retinopathy results in scattered hemorrhages, yellow exudates, and neovascularization. This patient has
neovascular vessels proliferating from the optic disc, requiring urgent
panretinal laser photocoagulation.
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abnormalities, and more numerous microaneurysms and hemorrhages. The pathophysiologic mechanisms invoked in nonproliferative
retinopathy include loss of retinal pericytes, increased retinal vascular
permeability, alterations in retinal blood flow, and abnormal retinal
microvasculature, all of which can lead to retinal ischemia. A new
concept is that the pathology involves inflammatory processes in the
retinal neurovascular unit, which consists of neurons, glia, astrocytes,
Muüller cells, and specialized vasculature.
The appearance of neovascularization in response to retinal hypoxemia is the hallmark of proliferative diabetic retinopathy (Fig. 419-2).
These newly formed vessels appear near the optic nerve and/or macula
and rupture easily, leading to vitreous hemorrhage, fibrosis, and ultimately retinal detachment. Not all individuals with nonproliferative
retinopathy go on to develop proliferative retinopathy, but the more
severe the nonproliferative disease, the greater the chance of evolution
to proliferative retinopathy within 5 years. This creates an important
opportunity for early detection and treatment of diabetic retinopathy.
Clinically significant macular edema can occur in the context of nonproliferative or proliferative retinopathy. Fluorescein angiography and
optical coherence tomography are useful to detect macular edema,
which is associated with a 25% chance of moderate visual loss over the
next 3 years. Duration of DM and degree of glycemic control are the
best predictors of the development of retinopathy; hypertension and
nephropathy are also risk factors. Nonproliferative retinopathy is found
in many individuals who have had DM for >20 years. Although there is
genetic susceptibility for retinopathy, it confers less influence than either
the duration of DM or the degree of glycemic control.
TREATMENT

Diabetic Retinopathy

The most effective therapy for diabetic retinopathy is prevention. Intensive glycemic and blood pressure control will delay the
development or slow the progression of retinopathy in individuals
with either type 1 or type 2 DM. Paradoxically, during the first 6–12
months of improved glycemic control, established diabetic retinopathy may transiently worsen. Fortunately, this progression is temporary, and in the long term, improved glycemic control is associated
with less diabetic retinopathy. Individuals with known retinopathy
may be candidates for prophylactic laser photocoagulation when
initiating intensive therapy. Once advanced retinopathy is present,
improved glycemic control imparts less benefit, although adequate
ophthalmologic care can prevent most blindness.
Regular, comprehensive eye examinations are essential for all
individuals with DM (see Table 418-1). Most diabetic eye disease
can be successfully treated if detected early. Routine, nondilated
eye examinations by the primary care provider or diabetes specialist are inadequate to detect diabetic eye disease, which requires an
ophthalmologist for optimal care of these disorders. Laser photocoagulation is very successful in preserving vision. Proliferative retinopathy is usually treated with panretinal laser photocoagulation,
whereas macular edema is treated with focal laser photocoagulation and anti–vascular endothelial growth factor therapy (ocular
injection). Aspirin therapy (650 mg/d) does not appear to influence
the natural history of diabetic retinopathy.
RENAL COMPLICATIONS OF DIABETES MELLITUS
Diabetic nephropathy is the leading cause of chronic kidney disease (CKD), ESRD, and CKD requiring renal replacement therapy.
Furthermore, the prognosis of diabetic patients on dialysis is poor,
with survival comparable to many forms of cancer. Albuminuria in
individuals with DM is associated with an increased risk of cardiovascular disease. Individuals with diabetic nephropathy commonly have
diabetic retinopathy.
Like other microvascular complications, the pathogenesis of diabetic nephropathy is related to chronic hyperglycemia. The mechanisms by which chronic hyperglycemia leads to diabetic nephropathy,
although incompletely defined, involve the effects of soluble factors
(growth factors, angiotensin II, endothelin, advanced glycation end
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