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Improved glycemic control reduces the rate at which microalbuminuria appears and progresses in type 1 and type 2
DM. However, once macroalbuminuria is present, it is unclear
whether improved glycemic control will slow progression of
renal disease. During the later phase of declining renal function,
insulin requirements may fall as the kidney is a site of insulin degradation. As the GFR decreases with progressive nephropathy,
the use and dose of glucose-lowering agents should be reevaluated (see Table 418-5). Some glucose-lowering medications
(sulfonylureas and metformin) are contraindicated in advanced
renal insufficiency.
Many individuals with type 1 or type 2 DM develop hypertension. Numerous studies in both type 1 and type 2 DM demonstrate
the effectiveness of strict blood pressure control in reducing
albumin excretion and slowing the decline in renal function. Blood
pressure should be maintained at <140/90 mmHg in diabetic
individuals.
Either ACE inhibitors or ARBs should be used to reduce the albuminuria and the associated decline in GFR that accompanies it in
individuals with type 1 or type 2 DM (see “Hypertension,” below).
Although direct comparisons of ACE inhibitors and ARBs are lacking,
most experts believe that the two classes of drugs are equivalent in
patient with diabetes. ARBs can be used as an alternative in patients
who develop ACE inhibitor–associated cough or angioedema. After
2–3 months of therapy in patients with microalbuminuria, the drug
dose is increased until the maximum tolerated dose is reached.
Recent studies do not show benefit of intervention prior to onset
of microalbuminuria. The combination of an ACE inhibitor and an
ARB is not recommended and appears to be detrimental. If use of
either ACE inhibitors or ARBs is not possible or the blood pressure is
not controlled, then, diuretics, calcium channel blockers (nondihydropyridine class), or beta blockers should be used. These salutary
effects are mediated by reducing intraglomerular pressure and inhibition of angiotensin-driven sclerosing pathways, in part through
inhibition of TGF-β-mediated pathways.
The ADA does not suggest restriction of protein intake in diabetic
individuals with albuminuria because studies have failed to show
benefit.
Nephrology consultation should be considered when albuminuria appears and again when the estimated GFR is <60 mL/min per
1.743 m2. As compared with nondiabetic individuals, hemodialysis
in patients with DM is associated with more frequent complications, such as hypotension (due to autonomic neuropathy or loss
of reflex tachycardia), more difficult vascular access, and accelerated progression of retinopathy. Complications of atherosclerosis are the leading cause of death in diabetic individuals with
nephropathy and hyperlipidemia should be treated aggressively.
Renal transplantation from a living related donor is the preferred
therapy but requires chronic immunosuppression. Combined
pancreas-kidney transplant offers the promise of normoglycemia
and freedom from dialysis.
NEUROPATHY AND DIABETES MELLITUS
Diabetic neuropathy occurs in ~50% of individuals with long-standing
type 1 and type 2 DM. It may manifest as polyneuropathy, mononeuropathy, and/or autonomic neuropathy. As with other complications
of DM, the development of neuropathy correlates with the duration of
diabetes and glycemic control. Additional risk factors are body mass
index (BMI) (the greater the BMI, the greater the risk of neuropathy) and smoking. The presence of CVD, elevated triglycerides, and
hypertension is also associated with diabetic peripheral neuropathy.
Both myelinated and unmyelinated nerve fibers are lost. Because the
clinical features of diabetic neuropathy are similar to those of other
neuropathies, the diagnosis of diabetic neuropathy should be made
only after other possible etiologies are excluded (Chap. 459).
Polyneuropathy/Mononeuropathy The most common form of diabetic
neuropathy is distal symmetric polyneuropathy. It most frequently
presents with distal sensory loss and pain, but up to 50% of patients
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do not have symptoms of neuropathy. Hyperesthesia, paresthesia, and
dysesthesia also may occur. Any combination of these symptoms may
develop as neuropathy progresses. Symptoms may include a sensation
of numbness, tingling, sharpness, or burning that begins in the feet
and spreads proximally. Neuropathic pain develops in some of these
individuals, occasionally preceded by improvement in their glycemic
control. Pain typically involves the lower extremities, is usually present
at rest, and worsens at night. Both an acute (lasting <12 months) and a
chronic form of painful diabetic neuropathy have been described. The
acute form is sometimes treatment-related, occurring in the context of
improved glycemic control. As diabetic neuropathy progresses, the pain
subsides and eventually disappears, but a sensory deficit in the lower
extremities persists. Physical examination reveals sensory loss, loss of
ankle deep-tendon reflexes, and abnormal position sense.
Diabetic polyradiculopathy is a syndrome characterized by severe
disabling pain in the distribution of one or more nerve roots. It may be
accompanied by motor weakness. Intercostal or truncal radiculopathy
causes pain over the thorax or abdomen. Involvement of the lumbar
plexus or femoral nerve may cause severe pain in the thigh or hip and
may be associated with muscle weakness in the hip flexors or extensors
(diabetic amyotrophy). Fortunately, diabetic polyradiculopathies are
usually self-limited and resolve over 6–12 months.
Mononeuropathy (dysfunction of isolated cranial or peripheral
nerves) is less common than polyneuropathy in DM and presents
with pain and motor weakness in the distribution of a single nerve.
Mononeuropathies can occur at entrapment sites such as carpal
tunnel or be noncompressive. A vascular etiology for noncompressive mononeuropathies has been suggested, but the pathogenesis is
unknown. Involvement of the third cranial nerve is most common and
is heralded by diplopia. Physical examination reveals ptosis and ophthalmoplegia with normal pupillary constriction to light. Sometimes
other cranial nerves, such as IV, VI, or VII (Bell’s palsy), are affected.
Peripheral mononeuropathies or simultaneous involvement of more
than one nerve (mononeuropathy multiplex) may also occur.
Autonomic Neuropathy Individuals with long-standing type 1 or 2 DM
may develop signs of autonomic dysfunction involving the cholinergic,
noradrenergic, and peptidergic (peptides such as pancreatic polypeptide, substance P, etc.) systems. DM-related autonomic neuropathy
can involve multiple systems, including the cardiovascular, gastrointestinal, genitourinary, sudomotor, and metabolic systems. Autonomic
neuropathies affecting the cardiovascular system cause a resting tachycardia and orthostatic hypotension. Reports of sudden death have also
been attributed to autonomic neuropathy. Gastroparesis and bladderemptying abnormalities are often caused by the autonomic neuropathy
seen in DM (discussed below). Hyperhidrosis of the upper extremities and anhidrosis of the lower extremities result from sympathetic
nervous system dysfunction. Anhidrosis of the feet can promote dry
skin with cracking, which increases the risk of foot ulcers. Autonomic
neuropathy may reduce counterregulatory hormone release (especially
catecholamines), leading to an inability to sense hypoglycemia appropriately (hypoglycemia unawareness; Chap. 420), thereby subjecting
the patient to the risk of severe hypoglycemia and complicating efforts
to improve glycemic control.
TREATMENT

Diabetic Neuropathy

Treatment of diabetic neuropathy is less than satisfactory.
Improved glycemic control should be aggressively pursued and
will improve nerve conduction velocity, but symptoms of diabetic
neuropathy may not necessarily improve. Efforts to improve
glycemic control in long-standing diabetes may be confounded
by autonomic neuropathy and hypoglycemia unawareness. Risk
factors for neuropathy such as hypertension and hypertriglyceridemia should be treated. Avoidance of neurotoxins (alcohol) and
smoking, supplementation with vitamins for possible deficiencies
(B12, folate; Chap. 96e), and symptomatic treatment are the mainstays of therapy. Loss of sensation in the foot places the patient at
risk for ulceration and its sequelae; consequently, prevention of
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