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Abstract It is now increasingly being appreciated that a
substantial proportion of subjects with prediabetes may ex-
hibit peripheral neuropathy and/or neuropathic pain. The
reverse is also true, inasmuch as examining patients with
idiopathic peripheral neuropathy will frequently reveal pre-
diabetes. In the general population, the prevalence of
neuropathy in prediabetes is intermediate between overt
diabetes and subjects with normoglycemia. This prediabetic
neuropathy is, generally, milder in comparison to diabetic
neuropathy and mainly affects small fibers mediating sen-
sory function. Hyperglycemia, microangiopathy, dyslipide-
mia and the metabolic syndrome have been implicated as
pathogenic mechanisms. In practice, therapy of prediabetic
neuropathy should be addressed towards normoglycemia
and correction of cardiovascular risk factors. However, ad-
ditional work is needed to establish the long-term results of
this approach.
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Introduction: The Scope of the Problem

Traditionally, neuropathy has been considered a microvas-
cular complication of diabetes developing after long-
standing hyperglycemia [1–3]. This complication may lead
to debilitating pain, dysautonomia and reduced quality of
life [1, 2, 4–6], while it also represents a cardinal factor in
the pathogenesis of diabetic foot ulcers [7, 8] and is associ-
ated with increased mortality [9, 10]. More recently, how-
ever, it became apparent that neuropathy may develop
during the earlier stages of glucose dysmetabolism as well
[11, 12]. As will be discussed in detail later, this new
knowledge was derived from evidence of neuropathy among
prediabetic subjects in the general population [13•, 14•, 15,
16], but also from the realization that prediabetes was de-
monstrable in a substantial proportion of patients referred to
specialized clinics for the evaluation of idiopathic peripheral
neuropathy [17–23].

In this context, it is important to define prediabetes. This
term refers to impaired fasting glucose (IFG) and/or im-
paired glucose tolerance (IGT) [24]. The 2003 American
Diabetes Association (ADA) Expert Committee report re-
duced the lower fasting plasma glucose (FPG) cut point to
define IFG from 110 mg/dl (6.1 mmol/l) to 100 mg/dl
(5.6 mmol/l), in part to ensure that prevalence of IFG was
similar to that of IGT [25]. IFG has been defined as fasting
plasma glucose 100–125 mg/dl (5.6-6.9 mmol/l) and IGT as
glucose concentration 140–199 mg/dl (7.8-11.0 mmol/l)
2 hours following 75 g glucose administration during the
standardized oral glucose tolerance test (OGTT) [24, 25].
However, the World Health Organization (WHO) and many
other diabetes organizations did not adopt this change in the
definition of IFG [26]. Studies of prediabetic neuropathy
have focused on IGT rather than IFG, and the OGTT has
been proposed as a necessary screening test of glucose
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metabolism in the differential diagnosis of alleged idiopath-
ic neuropathy [12, 13•, 21, 23]. More simply, subjects may
be classified to those with normal glucose tolerance, those
with prediabetes (IFG and/or IGT) and those with diabetes
[11, 12, 18, 27]. IFG and IGT should not be viewed as
clinical entities in their own right but rather as risk factors
for diabetes as well as cardiovascular disease [25, 26].

Prediabetic Neuropathy: Clinical Manifestations

In general, prediabetic neuropathy is less severe than genu-
ine diabetic neuropathy. Indeed, Sumner et al. [20] have
shown that the former is characterized by a slightly less
pronounced impairment in amplitudes (p00.056) and con-
duction velocities (p00.03) of the sural nerve. Similarly, in
the Singleton et al. [22] study, peroneal nerve amplitude was
significantly (p<0.05) more likely to exhibit reduced values
in diabetes than prediabetes (58 % vs. 21 %, respectively).
Moreover, prior or currently active denervation in calf
muscles was significantly (p<0.05) more likely in the for-
mer than the latter [22]. The relatively more moderate nature
of prediabetic neuropathy is also reflected in the significantly
(p00.01) less severe reduction of intra-epidermal nerve fiber
density (IENFD) on skin biopsy [20].

Another feature of prediabetic neuropathy is that it pre-
dominantly affects sensory modalities, while motor modalities
are relatively spared [22, 28]. Nerve conduction studies (NCS)
have provided evidence that sensory nerve attributes are im-
paired, with little or no involvement of motor nerves [22, 28].
Furthermore, patients exhibit sensory symptoms, notably in-
creased vibration perception threshold and reduced tempera-
ture perception, rather than motor symptoms [28].

In terms of nerve fiber type, it is small nerve fibers that
are predominantly and during the earliest stages affected
[20, 22, 28]. This predilection is largely attributable to the
absence of myelin sheath in small fibers, rendering them
more immediately vulnerable than large fibers to direct
osmotic injury via glucose toxicity [29]. There is evidence
that patients with diabetes exhibit more severe impairment
of large fibers (vibration and light touch perception), where-
as those with prediabetes mainly present impairment of
small fibers (hot/cold and pain perception) [20, 22, 30•].
The preferential involvement of small fibers has now been
confirmed by skin biopsy [20, 31]. As part of this small fiber
injury, when there are symptoms, pain is the most frequent
and worst complaint [14, 15, 28, 32].

Diagnosis of Prediabetic Neuropathy

Diagnosis of prediabetic neuropathy rests on careful clinical
examination, as, indeed, is the case for diabetic neuropathy

[1, 30•, 33]. According to the Toronto Diabetic Neuropathy
Expert Group [33], clinical examination should encompass
several modalities, including peripheral sensation (tuning
fork, temperature, light touch, pain perception), tendon
reflexes, and evaluation of patient symptoms (numbness,
causalgia, lancinating or dull pain). The clinician should be
particularly careful not to miss signs of early small fiber
dysfunction, namely loss of pain and/or temperature perception
[30•, 33].

The diagnosis may be confirmed by NCS [18, 20, 22, 33]
or skin biopsy [28, 33, 35•]. Given that NCS may be normal
in approximately one out of 10 patients with impaired small
fiber function [18], skin biopsy quantifying intra-epidermal
nerve fiber density (IENFD) and length (IENFL) is the most
sensitive modality, although it is, naturally, too demanding
to be used outside specialized research centers [34, 35•].
Other confirmatory diagnostic tests have also been used.
These include the quantitative sudomotor axon reflex test
(QSART) [36], which assesses secretory sweat function, and
corneal confocal microscopy (CCM) [37], which enables in
vivo examination of corneal nerve fibers. Especially CCM
has shown promising accuracy in prediabetic neuropathy
[37], but, for the time being, further experience with both tests
is warranted. Finally, Neuropad®, a simple adhesive indica-
tor test measuring skin humidity as a surrogate marker of
sweat secretion [38], has shown moderately high sensitivity
but low specificity as a screening tool of prediabetic neuro-
pathy [27].

Diagnosis of cardiac autonomic neuropathy (CAN) should
rely on cardiovascular autonomic tests (Ewing´s battery),
heart rate variability (HRV) and QT interval corrected for heart
rate (QTc), as standardized [39]. Other forms of autonomic
neuropathy should be investigated following the recent guide-
lines for diabetes [40].

Prediabetic Neuropathy: Pathogenic Mechanisms

The pathogenic mechanisms of prediabetic neuropathy are
multiple, not completely understood and mutually interact-
ing. Chronic hyperglycemia, dyslipidemia, microangiop-
athy, and factors of the metabolic syndrome have been
implicated [12, 17, 29].

1) Hyperglycemia: It appears to be the major etiological
factor, increasing oxidative stress, and activating protein
kinase C and the polyol pathway, both of which exert
direct neurotoxic effects [12, 29, 41]. Neurotoxicity is
enhanced by the chronic accumulation of advanced
glycation end products as a result of hyperglycemia
[12, 29, 41]. The validity of hyperglycemia as a causal
factor in prediabetic neuropathy should not be ques-
tioned. Certainly, in the initial phases of glucose
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dysmetabolism, hyperglycemia is mainly encountered
postprandially, but this glucose excursion occurs repeat-
edly. In the experimental setting, acute short-term hy-
perglycemia has now been documented to harbor a
variety of adverse actions, notably apoptosis of dorsal
root ganglion neurons and Schwann cells [42], mito-
chondrial injury in nerve fibers and early neuronal death
[43, 44]. In humans, acute, even though transient, hyper-
glycemia has been shown to produce reactive oxygen
species, leading to endothelial dysfunction, impaired neu-
ronal metabolism and function, along with direct DNA
injury in nerve fibers [45].

2) Dyslipidemia: An adverse lipid profile aggravates the
untoward effect of hyperglycemia [12, 17, 46]. After
12 weeks of high-fat diet, rats exhibited significantly
(p<0.05) reduced sciatic nerve conduction velocity, and
significantly (p<0.05) reduced IENFD, along with sig-
nificant (p<0.05) sensory deficit, as manifested by in-
creased latency to hind paw withdrawal after painful
stimuli [46]. At the same time, they presented signifi-
cantly (p<0.05) elevated serum glucose and oxidized
low-density lipoprotein (LDL) particles. In vitro, the
latter induced direct toxicity in dorsal root ganglion
neurons through binding to their lectin-like oxidized
LDL receptors, thereby generating oxidative stress,
NAD(P)H oxidase activation and neuronal death [46].
LDL-induced oxidative stress was additive to that in-
duced by hyperglycemia [46].

3) Microvascular dysfunction: Both hyperglycemia and
dyslipidemia lead to microvascular dysfunction [45].
In subjects with prediabetes, laser Doppler imaging has
revealed significantly (p<0.001) reduced endothelium-
dependent vasodilatation in response to iontophoresis of
acetylcholine [47] and significantly (p00.0001) dimin-
ished axonal reflex flare after local skin heating [48].
Impressively, there is evidence that endoneurial micro-
vascular abnormalities may herald the onset of predia-
betes [49]. Studying sural nerve biopsies, Thrainsdottir et
al. [49] have shown that low total capillary luminal area
was associated with progression form normoglycemia to
IGT, while increased total capillary membrane area was
associated with the development of neuropathy. Their
observations support the notion that early development
of microangiopathy, largely attributable to glucose-
induced oxidative stress [45], may underlie prediabetic
neuropathy.

4) Metabolic syndrome: Parameters of the metabolic syn-
drome have been implicated in the pathogenesis, as
well. These mostly include obesity [13•, 14•, 15, 50]
and dyslipidemia [51], but also the diagnosis of meta-
bolic syndrome per se [51, 52]. In the KORA surveys
[13•, 14•, 15], there was an association between neu-
ropathy and obesity, expressed as waist circumference

[13•], body weight [14•] and abdominal obesity [15], in
the general population. Herman et al. [50] have also
demonstrated impaired pain perception and diminished
reflex vasodilatation in subjects with morbid obesity.
Arguably, obesity is accountable for elevation of serum
tumor necrosis factor alpha and lipids. The former is
known to promote oxidative stress and endothelial per-
turbation [45]. The latter may not only lead to a vicious
circle of further hyperglycemia by promotion of hepatic
gluconeogenesis, but they probably also exert direct
neurotoxicity, as already discussed [46, 51, 53]. Inter-
estingly, there is evidence that patients with idiopathic
neuropathy may have significantly more prominent fea-
tures of the metabolic syndrome other than hyperglyce-
mia (mostly adverse lipid profile) than those without
[51], underlining the relationship of prediabetic neurop-
athy with the metabolic syndrome.

Prediabetic Peripheral Neuropathy

Having clarified the concept of prediabetic neuropathy
along with its clinical manifestations and diagnosis, we will
now look again at the evidence for its existence. For this
purpose, studies will be divided into clinic-based and pop-
ulation-based works.

Clinic-Based Studies. The first evidence for the association
between neuropathy and adverse glucose metabolism came
from studies examining neuropathic patients [18–23], in
which neurologists investigated whether neuropathy of un-
known cause could be attributed to prediabetes in some
patients [18–23]. Neuropathy was categorized as peripheral
without further specification, sensory (chronic neuropathy
manifesting mainly with sensory loss and no motor involve-
ment), painful or axonal (chronic idiopathic axonal neurop-
athy [CIAP], in which electrophysiology demonstrated
mainly axonal loss, without demyelination) [32, 54, 55].
Most studies have found that frequency of prediabetes is
increased in neuropathic patients (25-62 %), but one study
reported negative results [56].

Among patients with idiopathic neuropathy, Novella et al.
[18] found that more than a quarter of patients (13/48, 27 %)
had evidence of IGT. IGTwas more frequent in comparison to
literature-based controls (15.3 % frequency among non-
Hispanic whites in NHANES 3) [57]. Similarly, Sumner et
al. [20] reported that 26/73 neuropathic patients (35.6 %) had
IGT, again higher than historical controls [57]. In another
centre, 24.6 % frequency (15/61 patients) of IGT has been
found in patients evaluated for idiopathic neuropathy [19].

In a survey of idiopathic painful neuropathy, 36/107
patients (34 %) had IGT [19], higher than matched
NHANES 3 subjects [57]. In a second report by the same
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group, 35 % of patients with painful neuropathy had IGT,
after excluding those with frank diabetes [22]. Moreover,
IGT showed a significant association with presence of neu-
ropathic symptoms among patients with neuropathy of un-
known cause [18].

The frequency of prediabetes has also been examined in
patients with idiopathic sensory neuropathy. Using OGTT,
Smith et al. [21] have observed 47 % frequency of prediabetes
(45% IGT, 2% IFG) among patients investigated for the origin
of this condition. Finally, in patients with CIAP, the frequency
of prediabetes has been found exceedingly high (62 %) [23],
much above that reported for the general population [57].

By contrast, Hughes et al. [56] compared 50 consecutive
CIAP patients with 50 control subjects from the same region
and found a 28.6 % (14/49) frequency of pre-diabetes
among patients vs. 12.2 % (6/49) among controls. Frequen-
cy of prediabetes was 45.5 % (10/22) in the subgroup of
patients with pain vs. 14.8 % (4/27) in those without pain.
After adjustment for age and sex, these differences did not
reach the level of statistical significance [56].

Based on the above, it appears that prediabetes is fre-
quently encountered among patients with peripheral neurop-
athy. Nonetheless, this relationship needs to be viewed with
caution. Indeed, most researchers have either reported high
frequency of prediabetes without comparison or relied on
the comparison with literature-based controls [57]. These
controls, however, came from population studies that had
been conducted some years before and included subjects
with extremely wide age ranges (20–74 years) [57]. Hence,
the comparison with such controls is not entirely legitimate
[58]. Importantly, Hughes et al. [56] included his own
matched control group, failing to confirm the relationship
of neuropathy with prediabetes. Still, this work may be
criticized for its very small number of patients, especially in
the subgroup analysis of painful vs. painless subjects
[56]. The limited patient series applies to all studies including
patients with neuropathy, highlighting the need for a larger
enquiry. Naturally, an inherent limitation of such clinic-based
studies is the inclusion of selected patients referred to special-
ized centers.

Population-Based Studies (Table 1). Vice versa, population-
based studies have reported an 11–25 % prevalence of
peripheral neuropathy in prediabetes. In a population
survey conducted in San Luis Valley, Colorado, between
1984 and 1986 [59], age-adjusted prevalence of neurop-
athy was 25.8 % in diabetes, 11.2 % in subjects with IGT
and 3.9 % in controls [59]. Compared with subjects with
normal glucose tolerance, odds ratios (ORs) for neurop-
athy in those with diabetes and IGT were 10.6 and 3.5,
respectively [59].

Ziegler et al. [13•, 14•, 15] have investigated the preva-
lence of neuropathy and painful neuropathy in subjects with

prediabetes as part of the population-based MONICA (Mon-
itorning trends and determinants of cardiovascular disease)/
KORA (Cooperative Research in the region of Augsburg)
study. In 1997/1998, 195 patients with diabetes and 198 age-
and sex-matched controls aged 25–74 years were examined
for neuropathy [13•], using a cut point>2 of the validated
Michigan Neuropathy Screening Instrument (MNSI) [60]. An
OGTT was performed in controls [13•]. Overall, almost a
quarter of subjects with prediabetes (24.3 %) exhibited neu-
ropathy (13 % and 11.3 % frequency in IGT and IFG, as
defined by the WHO criteria, respectively) [13•]. This com-
pared with a frequency of 28 % in diabetic subjects and 7.4 %
in controls [13•]. In the same sample, prevalence of neuro-
pathic pain was evaluated separately [13•]. Overall, 12.9 % of
subjects with prediabetes reported neuropathic pain (8.7 %
and 4.2 % frequency in IGTand IFG, respectively), compared
with 13.3% of diabetic subjects and 1.2% of controls [13•]. In
a more selected sample of survivors of acute myocardial
infarction aged between 25 and 74 years, 214 subjects with
diabetes and 212 age- and sex-matched controls were evalu-
ated for neuropathic pain using the same methodology [15]. It
was found that 20.5 % of subjects with prediabetes had
neuropathic pain (14.8 % and 5.7 % frequency in IGT and
IFG, respectively), compared with 21 % of diabetic subjects
and 3.7 % of controls [15].

The strengths of the MONICA/KORA surveys lie in the
population-based setting, the relatively large number of sub-
jects enrolled, as well as the robust methodology for the
diagnosis of neuropathy using the MNSI, which has recently
been validated as a diagnostic tool [61]. Essentially, the
population-based setting ensures examination of subjects en-
countered in real-world situations rather than a selected sample
from a specialized neuropathy clinic. An additional advantage
is the separate evaluation of neuropathy and neuropathic pain.
Taken together, the results of the MONICA/KORA study
suggest a continuum of neuropathy progression among general
population from normal glucose tolerance through prediabetes
to manifest diabetes [13•, 14•, 15]. The same holds true for
neuropathic pain [13•, 14•, 15]. These observations are in
agreement with the Hoorn population study [62]. Prevalence
of absent Achilles tendon reflexes was 67.1 % in diabetes,
15.6% in prediabetes, and 6% in controls (p<0.05 for diabetes
vs. controls, p<0.05 for diabetes vs. prediabetes) [62].

By contrast, some studies have not found increased fre-
quency of neuropathy in prediabetes [63–66]. Among
Japanese-American (Nisei) men, peripheral neuropathy was
diagnosed by nerve conduction study in 46.2 % of diabetic
men and in 4.0 % of non-diabetic (normal and IGT) men,
without difference between IGT and normal subjects [63]. In
Mauritius, there was also no evidence of neuropathy in IGT:
mean vibration perception threshold (VPT) was 11.5 V both in
subjects with normal glucose tolerance and in those with IGT,
whereas it was significantly (p<0.05) higher in diabetic
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patients (13 Volts) [64]. However, this study did not aim to
examine neuropathy in prediabetes. Further limitations in-
clude the very low frequency of neuropathy in the population,
as well as the fact that neuropathy was solely diagnosed by
VPT, which may not be adequate, at least for small fiber
impairment. Not to be ignored, these two works [63, 64]
included subjects from very specific populations, which may
be different from the usual Caucasian subjects of most studies.
Eriksson et al. [65] followed age-matched men with IGT and
diabetes mellitus by NCS and sensory function prospectively
for 12. After 12–15 years, peripheral nerve function did not
differ between IGT and controls [65]. Conversely, diabetic
patients exhibited lower conduction velocities than IGT and
control subjects, suggesting that diabetes but not IGT is linked
with peripheral nerve dysfunction [65]. However, this study
addresses the impact of long-term IGT on peripheral nerve
function, and not whether neuropathy is frequent in IGT.More
recently, in the prospective Olmsted County ImpairedGlucose
Survey, Dyck et al. [66] studied distal symmetric polyneurop-
athy and atypical peripheral neuropathy (small fibre sensory

or autonomic neuropathies) in subjects with prediabetes (IFG
or IGT; n0174), normal glucose metabolism (n0150) and
new diabetes (n0218). Numbers (%) with both neuropathy
types in subjects with normal glucose metabolism, prediabetes
and new diabetes were: 3 (2%), 3 (1.7%), and 17 (7.8%)with
neuropathy narrowly defined and 10 (12.7 %), 22 (12.6 %),
and 38 (17.4 %) defined broadly [66]. In neither case (narrow
or broad) was peripheral neuropathy more frequent in predi-
abetes than in normal glucose metabolism, suggesting that
prediabetes was not associated with increased prevalence of
either neuropathy type. However, IFG and IGT were not
considered separately, and the same applies to distal symmet-
ric polyneuropathy and atypical neuropathy [66].

Prediabetic Cardiac Autonomic Neuropathy

Population-based studies have provided evidence for predia-
betic cardiac autonomic neuropathy. The evidence is, gener-
ally, more compelling for IGT than IFG [68–75]. In the

Table 1 Prevalence rates of polyneuropathy in prediabetes (population-based studies)

Authors Parameter Diabetes IGT NGT Statistical analysis
% patients % patients % patients

Franklin et al. [59] DSPN 25.8 11.2 3.9 OR for DM vs. NGT: 10.6

OR for IGT vs. NGT: 3.5

Ziegler et al. [13•] DSPN 28.0 13.0/11.3$ 7.4 p<0.051

Ziegler et al. [14•] Painful DSPN 13.3 8.7/4.2$ 1.2 p00.0032

Ziegler et al. [15] Painful DSPN 21.0 14.8/5.7$ 3.7 p<0.0013

de Neeling et al. [62] VPTF 68.5 16.2 10.5 AR: p<0.05 for DM vs. NGT,

AR 67.1 15.6 6 p<0.05 for DM vs. IGT,

Fujimoto et al. [63] NCS 46.2 2.9 5.1 p<0.0014

Dyck et al. [66] DSPN* 7.8 1.7+ 2.0 p<0.05 for DM vs. NGT

DSPN** 17.4 12.6+ 12.7 p<0.05 for DM vs. NGT

Barr et al. [67] DSPN Overall score: 6.1&,5

NDS: 3.95

$ IGT/IFG
& ≥2 of 4 abnormalities among NSS, NDS, PPS, postural systolic pressure drop of ≥20 mmHg
*Narrow definition: other causes of neuropathy excluded

**Broad definition: other causes of neuropathy included
+ IFG and IGT combined
1 Significant (p<0.05) differences only between the groups DM vs. IGT, DM vs. IFG, and DM vs. NGT
2 Significant differences (p<0.05) only between the groups DM vs. IFG, and DM vs. NGT
3 Significant differences (p<0.05) only between the groups DM vs. IFG, and DM vs. NGT
4 Significant difference (p<0.05) only between DM vs. NGT and IGT
5 Combined for IGT and IFG

DSPN: distal symmetric sensorimotor polyneuropathy; VPTF: absent vibration perception at the hallux bilaterally, as evaluated by tuning fork; AR:
absent ankle jerks bilaterally, NCS: nerve conduction study; NSS: Neuropathy Symptom Score; NDS: Neuropathy Disability Score; PPS: Pressure
Perception Score; OR: Odds ratio

(Adapted with permission from: Nature Publishing Group © Papanas N, Vinik AI, Ziegler D. Neuropathy in prediabetes: does the clock start ticking
early? Nat Rev Endocrinol 2011;7:682–90) [12]
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former, diminished heart rate variability [64, 70], poor in-
crease of systolic blood pressure during handgrip [16] and
decreased parasympathetic activity [72] have now been docu-
mented. Some reduction in heart rate variability may also be
diagnosed in the latter, but findings have not yet been conclu-
sive [69, 71, 72]. Interestingly, obesity and metabolic syn-
drome have also been linked with reduced heart rate
variability [73, 74], independently of hyperglycemia.

Such changes in cardiovascular reflexes are mostly asymp-
tomatic, and prediabetic cardiac autonomic neuropathy may
easily be overlooked. Nonetheless, it is known that autonomic
neuropathy is associated with increased mortality in both
diabetes [9, 79] and in the general population [80]. Accord-
ingly, the clinician should be familiar with the likelihood of
prediabetic cardiac autonomic neuropathy and take care not to
miss this diagnosis.

Treatment of Prediabetic Neuropathy

Treatment of prediabetic neuropathy should address the
following issues:

1) Correction of hyperglycemia: The Impaired Glucose
Tolerance Neuropathy Study [28, 76] examined the effect
of normoglycemia and weight loss on the natural course
of neuropathy in IGT. At 12 months, significant weight
reduction, significant diminution of LDL cholesterol and
increased weekly exercise were accomplished [28]. Glu-
cose at 2 hours post OGTT had also been significantly
reduced at 24 months [28]. These changes were accom-
panied by the following improvements: a significant (p<
0.05) increase in proximal IENFD; an insignificant in-
crease in distal IENFD; a significant (p<0.05) increase in
peroneal motor conduction velocity; an insignificant re-
duction in pain intensity; a significant (p<0.05) increase
in foot sweat secretion [28]. Nonetheless, at 36 months
only significant lipid improvements were sustainable, and
the benefit previously seen in small nerve fibers had
reversed [76]. Hence, no permanent effect of normogly-
cemia could be documented.

Similarly, the China Da Qing Diabetes Prevention Out-
come Study [77•] employed a 6-year lifestyle intervention
program to reduce microvascular complications in adults
with IGT followed for up to 20 years. At the end of the
study, no difference was seen in neuropathy between the
intervention and control arms (8.6 % vs. 9.1 %, p00.89)
[77•]. Again, this work questioned the long-term efficacy
of glucose reduction, but its limitations must not be
overlooked. These include: use of the monofilament to
diagnose neuropathy, which cannot pick up early neuro-
pathic changes; low frequency of neuropathy, limiting the
statistical power of comparisons; absence of data on

neuropathy at study entry; potential selection bias,
inasmuch as only survivors were finally assessed [77•].

2) Correction of hyperlipidemia: In the study by Hughes et
al. [54], elevated serum triglycerides, rather than hyper-
glycemia, were strongly associated with chronic idio-
pathic axonal neuropathy, highlighting the importance
of serum lipids.

3) Correction of other cardiovascular risk factors: Anti-
hypertensive treatment, weight loss and smoking cessa-
tion might ameliorate prediabetic neuropathy, as already
reported in diabetic microvascular disease [78]. This
now remains to be explored in prediabetic neuropathy.

Conclusions and Clinical Implications

Several lines of evidence indicate that prediabetic neuropa-
thy exists [11, 12, 13•, 14•, 15–23]. It is more closely
associated with IGT rather than with IFG [12, 13•, 14•,
15, 68–75]. In general, it is less severe than genuine diabetic
neuropathy and affects sensory modalities, mostly those
mediated by small fibers including pain [22, 24, 28, 29,
30•, 31, 32]. This has important clinical implications, and
the diagnosis will not be missed on careful physical exam-
ination [30, 32]. Prediabetic neuropathy is largely attribut-
able to hyperglycemia, microangiopathy, dyslipidemia and
the metabolic syndrome [12, 29, 41, 45, 46, 51, 52, 56].
Treatment rests primarily on establishment of normoglyce-
mia, but this appears to offer only short-term improvement
[28, 76, 77•]. The therapeutic contribution of hypolipidemic
and antihypertensive treatment weight loss, and smoking
cessation needs to be further defined [56, 78].
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