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ABSTRACT: Rational treatment of diabetic polyneuropathy depends upon establishing its cause, which is at present 
unknown. A number of animal models of diabetes have been examined and although abnormalities are detectable in 
the peripheral nervous system they do not duplicate the degenerative neuropathy encountered in the human. The rele
vance of these abnormalities is therefore uncertain, although they may reflect the earlier changes in man. For human 
neuropathy, it is likely that vascular lesions or an abnormal susceptibility to mechanical injury are responsible for focal 
neuropathies. The evidence that ischaemia and hypoxia are responsible for the diffuse sensory neuropathy and auto
nomic polyneuropathy is still equivocal and it is often difficult to establish whether the vascular changes are primary or 
secondary. Metabolic explanations, such as sorbitol accumulation in nerve, have not so far been adequately validated 
by responses to treatment. The manifestations of diabetic neuropathy are complex and a single explanation should not 
be sought. 

RESUME: Neuropathie diabetique: modeles, mecanismes et ambiguites. Un traitement rationnel de la polyneu-
ropathie diabetique dependra de la decouverte de sa cause, actuellement inconnue. Un certain nombre de modeles ani-
maux du diabete ont ete etudies et, meme si des anomalies sont detectables au niveau du systeme nerveux 
peripherique, elles ne reproduisent pas la neuropathie degenerative rencontree chez l'humain. La pertinence de ces 
anomalies est done incertaine, meme si elles refletent peut-etre les changements precoces observes chez l'humain. 
Dans la neuropathie humaine, il est probable que les lesions vasculaires ou une susceptibilite anormale aux blessures 
mecaniques sont responsables des neuropathies focales. L'evidence que l'ischemie et l'hopoxie sont responsables de la 
neuropathie sensitive diffuse et de la polyneuropathie neurovegetative est encore incertaine et il est souvent difficile 
d'etablir si les changements vasculaires sont primaires ou secondaires. Les explications metaboliques, telles que 
1'accumulation de sorbitol dans les nerfs, n'ont pas ete adequatement validees jusqu'ici par la reponse therapeutique. 
Les manifestations de la neuropathie diabetique sont complexes et une explication unique ne sera pas suffisante pour 
les elucider. 

Can. J. Neurol. Sci. 1992; 19:1-7 

Satisfactory treatment for diabetic neuropathy is currently 
not available. It is known that strict glycemic control, either by 
continuous subcutaneous insulin infusion1 or pancreatic trans
plantation2 will stabilize the neuropathy, although little improve
ment has been detected over periods of up to 2 years. Neither of 
these forms of treatment is practical except in special circum
stances or for research purposes. With conventional treatment it 
is difficult to obtain satisfactory glycemic control in a high pro
portion of patients, either because of poor compliance or 
because of 'brittle' diabetes. It is therefore imperative to estab
lish the mechanism of diabetic neuropathy so that, if possible, 
its occurrence can be prevented even if adequate glycemic con
trol cannot be obtained. This article will review current ideas as 
to the causation of peripheral neuropathy in patients with dia

betes mellitus, but first it is necessary to describe briefly what is 
being caused. It is clear that a wide variety of disturbances of 
peripheral nerve function may be encountered. 

CLASSIFICATION OF DIABETIC NEUROPATHY 

It is convenient to recognize two broad categories of periph
eral nerve disturbance related to diabetes. These can be termed 
rapidly reversible phenomena and more persistent or 'estab
lished neuropathy'. 

Rapidly reversible phenomena include evanescent sensory 
symptoms such as pain and dysesthesia, experienced mainly in 
the lower limbs in poorly controlled patients, that rapidly 
resolve once glycemic control is established. The second is the 
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reduced nerve conduction velocity that is found in such patients 
and which improves with a time course that is too rapid for 
remyelination or regeneration to have been responsible.34 

Finally, there is the phenomenon of abnormal resistance to 
ischemic conduction failure,56 shared by other groups of 
patients such as those with uremia, hepatic failure, chronic res
piratory failure and motor neuron disease, and which is also 
seen with aging. At present there is no indication that these 
rapidly reversible phenomena are predictors for established dia
betic neuropathy. They will therefore not be considered further. 

More persistent or 'established' diabetic neuropathy is again 
subdivisible into two categories. The first consists of focal and 
multifocal neuropathies including isolated cranial nerve palsies, 
thoracoabdominal neuropathy, focal limb neuropathies and the 
proximal asymmetric lower limb motor neuropathy (diabetic 
amyotrophy). The second category includes approximately sym
metric syndromes of which the most important examples are the 
sensory and autonomic polyneuropathies. These constitute the 
commonest types of diabetic neuropathy and once they have 
appeared are largely irreversible. They frequently coexist. The 
second category also includes the reversible syndrome of acute 
painful diabetic neuropathy7 and the chronic proximal symmet
ric lower limb motor neuropathy.8 

ANIMAL MODELS OF DIABETIC NEUROPATHY 

A number of different models of diabetes have been used in 
attempts to provide an acceptable animal model for human dia
betic neuropathy. Those most extensively investigated include 
the destruction of pancreatic beta cells by alloxan or streptozo-
tocin, and spontaneous diabetes in the BB Wistar rat, both of 
which are models of type 1 insulin-dependent diabetes, and the 
recessively inherited diabetic (C57BL/Ks,db/db) mouse, a 
model of type 2 non-insulin-dependent diabetes. All share 
impairment of the normal maturational increase in nerve con
duction velocity and nerve fiber size. Loss of nerve fibers or 
demyelination that is any way comparable to that seen in human 
diabetic neuropathy does not occur, but this may be a question 
of the duration of the diabetes. Sima et al.9 have described para-
nodal swelling and 'axoglial dysjunction' in the BB rat, and also 
in the streptozotocin-diabetic rat,10 but these features have not 
been found either in the streptozotocin-diabetic rat or in the 
db/db mouse in personal observations. How useful these animal 
models are for the interpretation of diabetic neuropathy is there
fore problematic. It is hoped that they may provide clues to 
events occurring in the early stages of the human disease. 

THE CAUSATION OF DIABETIC NEUROPATHY 

Once the possible mechanisms for diabetic neuropathy are 
considered, the mayhem becomes evident. There has been a 
wealth of conflicting proposals. Currently the main contending 
views are those in which vascular disease is considered to 
underlie the totality of diabetic neuropathy and those in which a 
metabolic basis is favored, at least for the symmetric polyneu
ropathies. 

THE VASCULAR HYPOTHESIS 

Large Vessel Disease 

Ischemia and hypoxia in the causation of diabetic neuropathy 
have had a chequered career. At the time the clinical features of 

diabetic neuropathy were being delineated a century ago, one of 
the earliest suggested causes was ischemia." This view was reit
erated by Woltman and Wilder,12 who attributed the peripheral 
nerve damage to large vessel occlusive vascular disease. This 
study, although it had a major impact, suffered from the draw
back that it was based partly on observations on nerve from 
amputated limbs and partly on autopsy material from patients 
who had had longstanding diabetes, in both of which the likeli
hood of coexistent atherosclerosis would have been high. 
Moreover, Renaut corpuscles, a normal feature of peripheral 
nerve, were misinterpreted as infarcts. 

Peripheral nerve involvement in patients with occlusive vas
cular disease, although it occurs, tends not to be a major compo
nent of the clinical picture.1314 The demand for oxygenation by 
peripheral nerve is presumably less than that by other tissues in 
the lower limbs. Chopra and Hurwitz15 compared the changes in 
nerve conduction in patients with lower limb ischemic vascular 
disease with those in patients with diabetic neuropathy and 
found distinct differences. The reduction in nerve conduction 
velocity was substantially greater in patients with diabetic neu
ropathy, this being correlated histologically with more pro
nounced demyelination in nerve biopsies.16 It has come to be 
accepted that large vessel occlusive disease does not play an 
important role in the production of peripheral nerve damage in 
diabetic neuropathy. Nevertheless, accompanying large vessel 
disease may influence the manifestations of diabetic neuropathy. 
The pattern of sensory loss differs in patients with diabetic 
polyneuropathy with and without evidence of accompanying 
peripheral vascular disease (P.J. Watkins, personal communica
tion). Loss of vibration sense is more pronounced in the pres
ence of vascular disease. 

Small Vessel Disease 

Interest in microvascular disease in diabetes began with the 
studies of Lundbaek which were applied to peripheral neuropa
thy by Fagerberg,17 who found evidence of abnormality affect
ing the small blood vessels in nerve biopsies from patients with 
diabetic neuropathy. This took the form of thickening of the 
walls of endoneurial vessels by PAS-positive material, later 
shown by electron microscopy to consist of reduplicated basal 
lamina. Microvascular disease was therefore proposed as the 
explanation for diabetic neuropathy. Other investigators, howev
er, were unable to find a good correlation between neuropathy 
and small vessel disease,1821 and possible metabolic explana
tions began to assume a dominant position. In recent years vas
cular disease has been revived as an explanation both for focal 
and generalized diabetic neuropathy. The evidence for and 
against this view will now be analysed. In doing so it is helpful 
to distinguish between focal and multifocal neuropathies, on the 
one hand, and the distal symmetric sensory/autonomic polyneu
ropathy on the other. 

Focal and Multifocal Neuropathy 

Although not substantiated by epidemiologic studies, it is 
generally accepted that focal neuropathies are more frequent in 
patients with diabetes mellitus than in the general population. 
These are often at the common sites of entrapment or external 
compression and appear to reflect an unexplained susceptibility 
of diabetic nerve to compression. Whether ischemia plays any 
part in this is not established. In entrapment neuropathy, the 
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changes in nondiabetic subjects indicate that the major patho
logic feature is displacement of myelin22 although the produc
tion of the acroparesthesiae in the carpal tunnel syndrome is 
likely to depend upon superimposed ischemia.23 Arguments that 
the carpal tunnel syndrome is ischemic in origin24 are not 
persuasive. It is not known whether the pathology for entrap
ment neuropathies in diabetic individuals differs from that in 
nondiabetic subjects. 

The acute onset of focal neuropathies, such as an isolated 
third cranial nerve palsy, would be consistent with an ischemic 
basis, although the usually prompt recovery is not typical of 
ischemic peripheral nerve lesions. It is explained by the underly
ing pathology which is demyelinating,25 this again being atypi
cal of vascular lesions in nerve.26 In an extensive serial section 
study on a patient who died 3 weeks after developing an acute 
third nerve lesion, Asbury, et al.25 found a focal area of centri-
fascicular demyelination with preservation of axonal continuity. 
Although not clearly related to vascular occlusion, it was con
sidered to lie in a 'watershed' area and thus to be consistent with 
an ischemic process. 

The report by Raff et al.27 on a patient with a proximal asym
metric lower limb motor neuropathy (diabetic amyotrophy) pro
vides a less convincing demonstration. As in the study by 
Woltman and Wilder,12 Renaut corpuscles were misconstrued as 
infarcts. Apart from this, the evidence for ischemic damage 
depended upon the demonstration of areas of 'pallor' affecting 
small cross-bridging nerve bundles between larger fascicles. 
The interpretation of these areas, from the histologic appear
ances provided, is uncertain. 

It has to be concluded, therefore, that although it is highly 
likely that many focal nerve lesions in patients with diabetes are 
ischemic in origin, further documentation is required to substan
tiate this. 

Generalized Polyneuropathies 

Clinical Features 
The most common type of neuropathy in diabetes is a distal 

symmetric polyneuropathy, the manifestations of which are pre
dominantly sensory and autonomic. Distal motor involvement 
may be an accompaniment, but it is relatively minor. This pat
tern of involvement does not immediately suggest a vascular 
causation. Ischemic neuropathy related to vasculitis, whether 
affecting larger or smaller arterioles, apart from often being 
painful, affects motor function to a greater extent than sensory. 
It certainly does not pick out autonomic function. Larger fibers 
are preferentially affected and unmyelinated axons tend to be 
spared.26 

Pattern of Fiber Loss 
The major evidence that generalized neuropathy has an 

ischemic basis has been derived from histopathologic observa
tions on autopsied cases and on nerve biopsies. Sugimura and 
Dyck28 and Johnson et al.29 provided clear evidence for focal 
areas of fiber loss in lower limb nerves and in the two patients 
reported by the former authors, who had an essentially symmet
ric polyneuropathy, it was concluded that multifocal proximal 
lesions had summated to produce a diffuse distal involvement. 
A vascular basis was considered likely. Yet the patients in both 
of these studies were elderly, and coexistent vascular disease 

would not have been unexpected and could have given rise to 
focal lesions superimposed on a generalized neuropathy. Indeed, 
there was histologic support for this in that there was evidence 
of an additional sensory neuropathy with greater fiber loss in 
dorsal than in ventral roots. Sima et al.30 found that focal nerve 
fiber loss was evident in sural nerve biopsies from older patients 
with non-insulin-dependent diabetes mellitus (NIDDM) but not 
in younger patients with insulin-dependent diabetes mellitus 
(IDDM). 

The focality of nerve fiber loss was assessed by measuring 
the coefficient of variation for the distribution of myelinated 
nerve fibers in cross sections of sural nerve biopsies by Dyck et 
al.31 In comparison with a control series it was found that the 
coefficient of variation was significantly increased, which sug
gested the conclusion that "in diabetes nerve fiber loss is pri
mary and multifocal" and that this indicated a vascular causa
tion. As the series of patients investigated by Dyck et al. was 
elderly and mainly had NIDDM, Llewelyn et al.32 examined 
sural nerve biopsies from a younger series of patients with 
IDDM. In comparison with biopsies from an age-matched series 
of biopsies from organ-donor control cases, they found a coeffi
cient of variation for diabetic nerves virtually identical to that 
obtained by Dyck et al. However, when the diabetic nerves were 
compared with those from an age-matched series of cases with 
type 1 hereditary motor and sensory neuropathy (HMSN), the 
same increase in coefficient of variation was found. There is no 
indication that type 1 HMSN is a vascular disorder and such 
multifocality of nerve fiber loss therefore cannot be used to 
establish an ischemic causation for a neuropathy. The reason for 
this pattern of fiber loss is uncertain. In a distal length-related 
neuropathy it could possibly be attributed to intrafascicular seg
regation of fibers in terms of their peripheral distribution, for 
which there is some evidence derived from the results of intra
neural stimulation in human subjects.33 

Morphologic Changes in Vessels 
There is no doubt that abnormalities of the small neural ves

sels are common in diabetes. Establishing that they are the cause 
of neuropathy is much more difficult. A lack of precise correla
tion would not exclude a causative relationship because of sam
pling problems. Conversely, finding a close correlation would 
not establish causation: both the neuropathy and the vascular 
changes could be independent manifestations of the diabetic 
state or, alternatively, the vascular changes could be secondary 
to the neuropathy. 

Dyck et al.34 found an increased number of 'closed' capillar
ies in a series of sural nerve biopsies and found that their num
ber was positively correlated with the severity of neuropathy as 
assessed by an 'index of pathology' that combined loss of 
myelinated nerve fibers with abnormalities in surviving fibers. 
In a later publication, Yasuda and Dyck35 reported that the lumi
nal area of endoneurial capillaries was significantly greater in 
diabetic patients without neuropathy than in control subjects 
although not significantly different between diabetic patients 
with neuropathy and control subjects. Despite this, more 
'closed' capillaries were again found in the patients with dia
betic neuropathy. 

Other observers have failed to support these observations. 
Powell, et al.36 reported that luminal diameter did not differ 
between diabetic patients with histologic evidence of neuro-
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pathy and control subjects. Malik et al.37 found that the perime
ter of the lumen of endoneurial capillaries both in diabetic 
patients without neuropathy and in patients with severe neuropa
thy did not differ from that in organ donor control subjects. 
Luminal area was not reported. Bradley et al.38 found that the 
median area of the lumen of endoneurial capillaries for a series 
of patients with IDDM and neuropathy did not differ from age-
matched donor control cases or from patients with type 1 
HMSN. The proportion of capillaries with the smallest luminal 
area was not higher in the diabetic patients and totally occluded 
vessels with obliteration of the lumen were not encountered. 

Hyperplasia of the endothelium of endoneurial capillaries, 
with an increase both in the number of nuclei and endothelial 
cell area in transverse section, has been noted in diabetic neu
ropathy.3639 Thickening of the basal laminal zone surrounding 
the capillaries has been documented by a number of investiga
tors.36'3739"41 Bradley et al.,38 in their morphometric comparison 
of patients with neuropathy related to IDDM, type 1 HMSN and 
organ donor controls, confirmed endothelial cell hyperplasia and 
basal laminal thickening in diabetic neuropathy but found that 
this was also true of type 1 HMSN. The reduplication of the 
basal lamina may be related to capillary hyperplasia consequent 
in some way on the neuropathy. This probably varies between 
neuropathies with different etiologies, and examination of other 
disorders would be of interest as it may provide an explanation. 
However, the occurrence of such changes in a neuropathy such 
as type 1 HMSN means that in themselves they cannot be used 
to substantiate a vascular causation for diabetic neuropathy. 

The thickening of the pericapillary basal laminal zone found 
by Bradley, et al. was greater in the patients with diabetic neu
ropathy than in those with HMSN, although the difference did 
not reach statistical significance. Nevertheless, there were inter
esting differences between the diabetic and type 1 HMSN 
patients. In the former the layers tended to remain intact where
as in the latter they became fragmented. This is possibly related 
to increased resistance of the basal laminal material to proteoly
sis in diabetics because of nonenzymatic glycation.42 

Thickening of the intima of epineurial arteries, due primarily 
to proliferation of endothelial cells, has also been observed in 
diabetic neuropathy43 but the degree of thickening was not cor
related with the severity of neuropathy as assessed by the 
amount of nerve fiber loss. 

Intraluminal Changes 
Timperley, et al.44 drew attention to the presence of aggre

gates of platelets and fibrin within the lumina of neural blood 
vessels in patients with diabetic neuropathy. These were not 
observed in any of the 27 cases investigated by Bradley et al.38 

Other factors that could affect delivery of oxygen to the tissues 
include increased blood viscosity, reduced deformability of red 
blood cells and alterations in the dissociation constant of 
hemoglobin secondary to nonenzymatic glycation. Such 
changes are likely to be a feature of poorly controlled, severely 
diabetic patients. Whether they play any part in the production 
of the sensory symptoms that may occur in such patients, and 
which are rapidly relieved by achieving glycemic control, is 
uncertain. 

Intraneural Oxygenation 
Intraneural oxygen tension was found to be less in a group of 

patients with diabetic neuropathy than in control subjects.45 This 

was taken as favoring a vascular causation for diabetic neuropa
thy. This conclusion cannot be accepted unreservedly as the 
control subjects were appreciably younger. In addition, transcu
taneous recordings of lower limb tissue oxygen tension have not 
shown reductions in patients with diabetic neuropathy although 
they demonstrated a failure for oxygen tension to increase as 
well on warming, suggesting sympathetic denervation.46 Direct 
observations on capillary blood flow in the nail fold vasculature 
of the toes has revealed an increase in blood flow and no evi
dence of capillary closure.47 It will be important to obtain fur
ther direct measurements of intraneural oxygen tension in 
patients with diabetic neuropathy in comparison with age-
matched control subjects. The morphologic abnormalities have 
been found to be greater in endoneurial than in skin vessels.37 

Vascular Permeability 
There have been conflicting reports of the permeability of 

endoneurial blood vessels in experimental diabetes. The present 
evidence suggests an increased permeability for small 
molecules48 but not for larger molecules. For human diabetic 
neuropathy an increased concentration of plasma macro-
molecules, including albumin and immunoglobulin, has been 
found in the endoneurium.4950 On the other hand, Patel et al.51 

have recently shown that permeation of glycated albumin into 
nerve is significantly greater than for native albumin and this 
may be at least part of the explanation, rather than any abnor
mality of the vessels themselves. 

Animal Models 
Tuck et al.,52 in streptozotocin-diabetic rats, found that 

endoneurial oxygenation and blood flow were reduced in the 
sciatic nerve and that vascular resistance was increased in the 
absence of any significant change in systemic blood pressure. 
The reduction in nerve conduction velocity that is found in this 
model can be partially reversed by rearing the animals in hyper
baric oxygen.53 The relevance of these findings to human dia
betic neuropathy is speculative as significant degenerative 
changes with axonal degeneration and demyelination do not 
develop in this model, as demonstrated by Sharma and 
Thomas54 and others. Moreover, Zochodne and Ho,55 while con
firming reduced intraneural oxygenation in streptozotocin-dia
betic rats, failed to find evidence of diminished endoneurial 
blood flow. 

Neuropathy Related to Chronic Respiratory Insufficiency 
The occurrence of neuropathy in patients with respiratory 

insufficiency has been adduced as supportive evidence that 
hypoxia is responsible for diabetic neuropathy. Appenzeller et 
al.56 reported the presence of a distal polyneuropathy in 7 out of 
8 patients with advanced chronic obstructive respiratory disease. 
The role of hypoxia in the explanation of neuropathy was diffi
cult to assess in view of severe accompanying weight loss and 
malnutrition. Narayan and Ferranti57 and Faden et al.58 later con
firmed the occurrence of neuropathy in patients with chronic 
respiratory insufficiency, and Vila et al.59 found electrophysio
logic evidence of an axonopathy. Changes in neural blood ves
sels have also been described.60 It seems likely that a mild neu
ropathy may develop, for reasons not yet established, in patients 
with chronic respiratory insufficiency, yet its relevance to dia
betic neuropathy is dubious. McLeod and Pollard61 concluded 
that it "seems to be of little clinical importance and so far has 
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not been described as a presenting or dominant clinical feature 
in any patients with chronic obstructive pulmonary disease". 
This has been the experience of the author. 

METABOLIC HYPOTHESES 

Insulin Deficiency 

Peripheral nerve, like the central nervous system, is not 
dependent on insulin for the regulation of glucose uptake or 
energy metabolism.62 This has been attributed to the presence of 
the blood-nerve and blood-brain barriers. Autonomic and sen
sory ganglia lack an efficient blood-nerve barrier63 and the ques
tion therefore arises as to whether they may be insulin-depen
dent. We have failed to detect any influence of insulin on 
glucose or amino acid uptake by dorsal root ganglia (N. Patel, 
D. Wright and P.K. Thomas, unpublished results). Any effects of 
insulin deficiency or tissue unresponsiveness would therefore 
have to be by less direct methods. 

Sorbitol Accumulation 

A major metabolic disturbance in peripheral nerve, in most 
of the experimental models and in man, is the accumulation of 
sorbitol and fructose in peripheral nerve.64 This is related to 
increased flux in the polyol pathway consequent upon saturation 
of the hexokinase shunt, with resultant accumulation of glucose 
in the nerve. In the polyol pathway, glucose is converted to sor
bitol by aldose reductase and sorbitol to fructose by a polyol 
dehydrogenase. Evidence that this may be involved in the pro
duction of diabetic neuropathy is derived from observations on 
the use of aldose reductase inhibitors to prevent the accumula
tion of sorbitol in nerve. It is now conclusively documented 
both from animal65 and human66 studies that nerve conduction 
velocity can be improved by aldose reductase inhibitors. Only 
modest evidence of improvement has been shown in clinical 
studies, but for the reasons given in the Introduction, substantial 
improvement is probably an impossible goal in treatment trials. 
Further long-term trials to establish whether deterioration can be 
prevented are merited. Encouraging evidence that aldose reduc
tase inhibitors may increase regenerative sprouting of axons and 
a greater degree of remyelination has been provided by Sima et 
al.67 in serial sural nerve biopsies performed before and after 1 
year of treatment with an aldose reductase inhibitor. 

Afyo-inositol Depletion/Reduced Na+K+-ATPase Activity 

A further metabolic abnormality identified in peripheral 
nerve in experimental diabetes in animals is a reduction of myo
inositol content. This has been linked by Greene and his 
coworkers to reduced Na+K+-ATPase activity, this observation 
having originally been made by Das, et al.68 In a series of stud
ies in streptozotocin-diabetic rats, Greene and his collaborators 
have related wyo-inositol deficiency in nerve to the occurrence 
of neuropathy, but this has largely been based on changes in 
nerve conduction velocity as an indicator of neuropathy. It was 
shown that both the deficit in conduction velocity and the 
reduced Na+K+-ATPase activity could be improved by dietary 
myo-inositol supplementation in the absence of any change in 
the severity of the hyperglycemia.69 There are difficulties, how
ever, in accepting this hypothesis unreservedly. The relationship 
between /nyo-inositol concentrations in nerve and Na+K+-
ATPase activity is not a simple one. In experimental galactose-

induced neuropathy, Na+K+-ATPase activity is increased instead 
of being reduced, despite there being a reduced wyo-inositol 
concentration in nerve.70,71 A major obstacle in applying the 
hypothesis to human diabetic neuropathy is the fact that myo
inositol concentrations are not reduced in human diabetic neu
ropathy.72 It is possible, however, that a small pool of phospho-
inositides, derived from wyo-inositol, is reduced, and that 
measurements of total wyo-inositol concentration may not 
reflect this. 

Altered Protein Synthesis and Axonal Transport 

The uptake of amino acids and their incorporation into pro
tein is reduced in dorsal root ganglia in streptozotocin-induced 
diabetic rats.73 Slow axonal transport has been shown to be 
impaired; both the velocity of slow component a (Sea) and the 
amount of material translocated in Sea have been found to be 
diminished.74 Structural proteins, including neurofilaments, are 
transported in Sea. They are largely responsible for determining 
axonal caliber. The reduction in the experimental animal is rela
tively small and the application of this finding to human diabetic 
neuropathy is uncertain. Although axonal atrophy has been 
found by some authors,75 it was not detected by Sugimura and 
Dyck76 or by Llewelyn et al.77 

Nonenzymatic Glycation 

Hyperglycemia leads to the nonenzymatic glycation of pro
teins. No deleterious effects of this process on neuronal, axonal 
or Schwann cell function have so far been demonstrated, but it 
could contribute to vasculopathy.78 

Neurotrophic Effects 

The clinical features of the common diabetic sensory and 
autonomic polyneuropathies are suggestive of a neuronal system 
degeneration that has a selective effect on particular sets of neu
rons. Pathologically, a distal 'dying-back' axonopathy has been 
demonstrated.79 Peripheral nerve has been shown to possess 
insulin receptors,8081 the function of which is uncertain, as 
peripheral nerve, like the central nervous system, does not 
depend upon insulin for energy metabolism. It has been sug
gested that in the CNS insulin receptors are involved in longer 
term neurotrophic effects related to the maintenance of cell 
structure and integrity. It is conceivable that diabetic polyneuro
pathy could be on this basis, but a selective effect on peripheral 
nerve would have to be explained. 

IMMUNOLOGIC MECHANISMS 

The possibility that immunologic mechanisms are involved 
in severe diabetic autonomic neuropathy has been raised by the 
finding of inflammatory infiltrates in autonomic ganglia of cases 
that have come to autopsy.82 The presence of antisympathetic 
ganglion antibodies has also been demonstrated in patients with 
insulin-dependent diabetes, and is correlated with a diminished 
catecholamine response on standing.83 

CONCLUSIONS AND SYNTHESIS 

A wide variety of mechanisms has been advanced as possibly 
being responsible for diabetic neuropathy. They should not be 
viewed as being mutually exclusive. The wide spectrum of clini
cal manifestations in the peripheral nervous system that may 
occur in patients with diabetes mellitus is a strong pointer 
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towards the existence of multiple causal factors. It seems likely 
that in older patients in whom focal and multifocal neuropathies 
are more frequent, vascular factors will be more important. In 
the younger patients in whom a symmetric polyneuropathy is 
the usual presentation, there is current argument as to whether 
this is also vascular in origin, or whether it has a more direct 
metabolic basis. The writer favors the latter possibility, but the 
precise nature of the metabolic disturbance still eludes discovery. 
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