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Abstract
Background—Idiopathic neuropathy patients are at high risk of impaired glucose tolerance (IGT).
Hyperglycemia, low high density lipoprotein (HDL), elevated triglycerides (TRG), hypertension and
central obesity co-associate and constitute the metabolic syndrome. Patients with hyperglycemia are
at high risk of having the syndrome and each of its features. Our null hypothesis was that patients
with neuropathy and IGT would have a higher prevalence of other metabolic syndrome features than
those without hyperglycemia. The primary objective was to determine if metabolic syndrome features
other than hyperglycemia increase neuropathy risk.

Methods—The prevalence of metabolic syndrome features was determined among 219 sequential
patients with idiopathic peripheral neuropathy. Subjects were classified as having IGT or
normoglycemia. The prevalence of metabolic syndrome was compared to published population
prevalence data. To compensate for potential referral bias, data were also compared for175 diabetic
subjects without neuropathy, given the well-recognized risk of metabolic syndrome among diabetic
individuals.

Results—Contrary to our hypothesis, neuropathy patients with normoglycemia and IGT shared a
similarly elevated prevalence of metabolic syndrome features compared to published normal
populations. Compared to diabetic subjects without neuropathy, the normoglycemic neuropathy
patients had significantly higher total and LDL cholesterol, and a higher prevalence of abnormal
HDL and triglycerides. The prevalence of obesity and hypertension were similar among patient
groups. Normoglycemic neuropathy subjects had significantly more features of metabolic syndrome
(other than hyperglycemia) than diabetics.

Conclusions—These findings demonstrate an association between neuropathy and metabolic
syndrome features other than hyperglycemia. Lipid abnormalities are particularly prevalent among
neuropathy subjects.
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Introduction
Peripheral neuropathy is a common clinical problem confronting the practicing neurologist.
Several groups have demonstrated a 30-45% prevalence of impaired glucose tolerance (IGT)
in patients with otherwise idiopathic neuropathy 1. IGT (“prediabetes”) is one aspect of an
overall metabolic syndrome that is also characterized by hyperlipidemia, hypertension, and
central obesity. Patients with IGT and diabetes are highly likely to have other features of
metabolic syndrome. The relationship between neuropathy and features of metabolic syndrome
other than IGT is unknown. We hypothesized that patients with IGT and neuropathy would
have a higher prevalence of metabolic syndrome and its components than those with normal
glucose tolerance (NGT) and neuropathy.

Research Design and Methods
All patients with suspected peripheral neuropathy seen in the University of Utah neuromuscular
clinic undergo a standardized evaluation that includes a recommendation for an oral glucose
tolerance test (OGTT). Between 1997 and 2006, 491 sequential patients with suspected
idiopathic peripheral neuropathy were seen. Those with primary demyelinating and motor
neuropathies, sensory ganglionopathies and mononeuritis multiplex were excluded. A
diagnosis of distal symmetric peripheral neuropathy was made by one of 3 neuromuscular
experts. A clinically based diagnosis of neuropathy was made by the neuromuscular attending
physician at the time of the clinical encounter. All subjects had symptoms and signs of
neuropathy. When deemed necessary by the attending physician, confirmatory tests such as
nerve conduction studies and skin biopsy for measurement of epidermal nerve fiber density
were performed, although these tests were not required. Electrodiagnostic studies were used
to exclude polyradiculopathy and inflammatory demyelinating neuropathies. Subjects were
carefully questioned regarding potential neuropathy etiologies including toxic exposures,
vitamin deficiencies and connective tissue disease and a thorough family history for neuropathy
symptoms or foot problems was taken. An alternative cause for neuropathy was identified in
194 patients (e.g. inflammatory neuropathy, positive family history of non-diabetic
neuropathy, heavy alcohol use, hepatitis C or other disease known to cause neuropathy).
Vitamin B12, TSH, and serum protein electrophoresis and immunofixation were measured in
each of the remaining 297 subjects, and additional laboratory evaluation was ordered when
clinically indicated. Those with B12 deficiency, hypothyroidism, paraprotienemia or other
relevant laboratory abnormality (e.g. positive antinuclear antibody) were excluded. Of this
group, 219 (74%) underwent the recommended oral glucose tolerance test and had an otherwise
normal laboratory evaluation.

The demographic features of the 219 patients who underwent OGTT were collected. Their
blood pressure, height and weight were recorded, and body mass index was calculated. Use of
antihypertensive agents or lipid lower agents were noted. These data were available for each
subject. Because a lipid profile was not part of the standard diagnostic evaluation for idiopathic
neuropathy, this data was not available for each patient visit and was collected from the charts
retrospectively when necessary. If the data were not available, the patient and their primary
care physician were contacted. Complete lipid data was available for 154 (70%) of patients.
In the remaining 30%, only partial lipid data was available, no lipid profile had been measured
or the subject was lost to follow up. The prevalence of each metabolic syndrome feature among
those with complete lipid data was compared between those found to have NGT versus IGT.
Diagnosis of metabolic syndrome was made using the Adult Treatment Panel III (ATPIII)
criteria which require 3 of the following: IGT or diabetes, systolic blood pressure >130 or
diastolic > 85 mm Hg, obesity (BMI > 30 kg/m2), HDL < 40 mg/dl for women and < 50 mg/
dl for men, and triglycerides > 150 mg/dl 2. If a patient was taking an antihypertensive agent
without an alternate indication, they were considered to have hypertension even if the BP was
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normal. Subjects who were on a lipid lower agent were granted one point towards a diagnosis
of metabolic syndrome if both HDL and triglycerides were normal. These results were
compared to prevalence rates for metabolic syndrome features from large epidemiological
studies 3-6. Results were also compared to those of a group of 175 subjects with diabetes but
no neuropathy participating in a longitudinal natural history study (The Utah Diabetic
Neuropathy Study). All subjects underwent clinical history and examination, nerve conduction
studies, quantitative sensory testing for cold and vibration, quantitative sudomotor axon reflex
testing and skin biopsy at the ankle and distal and proximal thigh. Neuropathy diagnosis was
based on the presence of an abnormality of more than two measures. The mean duration of
diabetes was 86 +/- 79 months. These subjects have been recruited from a large community
based network of primary care clinics (the University of Utah Heath Network, UUHN). A
random selection of UUHN patients with diabetes have been contacted regarding participation
in the study, thus minimizing referral bias. Neuropathy was excluded based on signs, symptoms
and electrophysiologic testing.

Student’s t tests were used to compare mean values for each parameter and contingency table
analysis was used to compare the proportion of each group with an abnormality for each
parameter. In order to evaluate the possibility that only patients deemed likely to have diabetes
or IGT underwent OGTT or lipid measurement, BMI was compared between the 219 who
underwent OGTT and the 78 who did not as well as between subjects with and without complete
lipid data.

Results
By OGTT, IGT was found in 97/219 (44%) and previously unrecognized diabetes was found
in 16 (7.3%). Complete lipid data were available for 154 (68 with IGT, 9 with diabetes, and
77 with NGT. There was a similar prevalence among patients who received a complete lipid
evaluation (IGT 68/154, 44% and diabetes 9/154, 5.8%). The IGT and newly diagnosed
diabetic patients were similar in all other respects and for purposes of comparison to
normoglycemic patients the two groups were combined. Contrary to our hypothesis, there was
no difference in any aspect of metabolic syndrome between IGT and NGT neuropathy patients
(table 1). Both groups had a similarly high prevalence of abnormal HDL cholesterol and
triglycerides, obesity and hypertension. Indeed, each aspect of the metabolic syndrome was
more prevalent among neuropathy subjects as a group than hyperglycemia. Metabolic
syndrome was found in 86% of IGT neuropathy patients and in 54% of NGT neuropathy
patients. This difference is not unexpected given that the IGT patients, by definition, fulfill one
criterion. The number of metabolic syndrome criteria met other than IGT did not differ between
the two groups. BMI did not differ between subjects who underwent OGTT or lipid
measurement and those who did not, arguing against a referral bias for these tests.

There are several large epidemiologic studies from the United States that permit comparison
of the prevalence of metabolic syndrome between our neuropathy patients and the normal
population 3-5. In each instance, the prevalence among NGT neuropathy patients was
significantly higher, nearly twice that among the normal gender matched population (figure
1). These studies do not provide separate data on metabolic syndrome prevalence for patients
with NGT. The Finnish Diabetes Prevention Study (FDPS) has reported prevalence data for
dyslipidemia, hypertension and obesity among the general population, segregated into those
with NGT or IGT 6. Our NGT neuropathy patients had a significantly higher rate of a
cholesterol or lipid abnormality (83% s. 33% p<0.001) and hypertension (74% vs 56%
p<0.001) than did the FDPS normoglycemic subjects. The rate of obesity did not differ between
the populations when considered as a whole, although the rate was significantly higher among
women with neuropathy (p<0.001) (figure 2).
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Metabolic syndrome features were also compared between neuropathy subjects and a cohort
of 175 diabetic subjects without neuropathy. The diabetic subjects were younger and more
obese than the patients in either neuropathy group. However, both the NGT and IGT neuropathy
subjects had significantly higher total and LDL cholesterol, and similar mean blood pressure,
HDL cholesterol and triglycerides. Abnormal HDL and TRG were more common among NGT
and IGT neuropathy patients than diabetic subjects (p<0.001). NGT neuropathy subjects
fulfilled more non-hyperglycemia metabolic syndrome criteria than diabetic subjects (p<0.05,
table 1). Significantly more diabetic subjects were taking a statin (58% vs 25%, p<0.001). This
finding is not unexpected given the routine use of statin medications in diabetes.

Conclusions
Individuals with IGT and diabetes are more likely to have metabolic syndrome and each of its
component features than those with NGT. Therefore our findings of an indistinguishable
prevalence of non-hyperglycemia metabolic syndrome features between idiopathic neuropathy
patients with IGT and NGT are unexpected, and suggest features of metabolic syndrome other
than IGT may represent independent risk factors for peripheral neuropathy. It has been
suggested the neuropathy associated with IGT may represent the earliest stage of diabetic nerve
injury. IGT and early diabetic neuropathy both cause preferential small fiber injury and both
share similar physiologic abnormalities in microvascular reactivity 7. While the high
prevalence of IGT in neuropathy cohorts has proven a reproducible finding, only one study
has used a case control design to determine if this prevalence is truly elevated relative to non-
neuropathy patients. The prevalence of IGT or newly diagnosed diabetes in neuropathy patients
was twice that in controls (16/49 vs 7/49) but when age, gender and BMI were factored in this
difference was not statistically significant. However, serum triglycerides were significantly
higher in neuropathy patients 8. The non-neuropathy controls were chosen from non-blood
relatives or friends, so they might be expected to have a similar rate of obesity and its
complications as the neuropathy patients 9. Indeed, BMI did not differ between groups.
Interestingly, the mean BMI of the neuropathy cohort was 27.1, much lower than in our larger
neuropathy cohort (30 kg/m2), suggesting the populations may be meaningfully different in
other aspects. Regardless, the finding of higher serum triglycerides in the neuropathy cohort
is consistent with our findings, and supports a role for dyslipidemia in neuropathy development.

There are other data that support a role for metabolic syndrome features as modifying factors
for diabetic neuropathy. The EURODIAB study showed that obesity, dyslipidemia and
hypertension each constituted an independent neuropathy risk factor among diabetic subjects
over an average of seven years of follow-up 10. Several smaller studies have shown an
increased prevalence of neuropathy among obese patients compared to lean controls 11-13.
Among 30 metabolic syndrome subjects, 20 of whom had diabetes, mean dendritic length of
epidermal nerve fibers negatively correlated with HDL among those with isolated metabolic
syndrome and positively correlated with hemoglobin A1c among those with diabetes 14. The
Steno 2 study demonstrated that aggressive treatment targeted at each aspect of metabolic
syndrome reduced the risk of both macrovascular and microvascular outcomes, including
autonomic neuropathy 15.

Cellular and molecular consequences of metabolic syndrome features closely mesh with
recognized pathogenic mechanisms in hyperglycemic neuropathy, especially nitric oxide
inhibition, vascular dysregulation and oxidative injury 16. Insulin resistance and dyslipidemia
are intertwined and self-reinforcing processes that are intimately associated with obesity and
distribution of lipid deposition 17. Enlarged adipocytes are endocrinologically active cells that
mediate vascular lipotoxicity through release of free fatty acids (FFAs) and adipokines. FFAs
potently inhibit endothelial nitric oxide synthesis and vasodilation, driving microvascular
ischemia 18, 19. Enlarged adipocytes reduce expression of the vasodilatory and vasoprotective
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agent adiponectin, accelerating endothelial cell proliferation and macrophage mediated
atherosclerotic injury 20. Finally, very engorged adipocytes lyse, releasing FFAs, adipokines,
and inducing an inflammatory response mediated primarily by macrophages. Activated
macrophages release cytokines that themselves accelerate endothelial injury. These processes
provide a mechanism for linking obesity, adiposity, insulin resistance and neuropathy
pathogenesis.

The findings of this study add to the evidence in the literature linking lipid abnormalities,
obesity and hypertension to neuropathy risk. Dyslipidemia and hypertension were more
prevalent in our neuropathy cohort than IGT suggesting they may be equally important factors
in development of otherwise idiopathic neuropathy. Our study has several limitations. It is
possible our neuropathy cohort may be relatively obese because of a referral bias. The principal
impact of this potential bias is the possibility that only subjects who were likely to have IGT
or metabolic syndrome underwent OGTT or lipid measurement, thereby biasing the results.
However, the finding of similar BMI between groups that did and did not undergo these tests
argues against this bias. The use of published epidemiologic studies to determine the prevalence
of metabolic syndrome in the general population is not ideal, despite the very large size and
methodological rigor of these studies. Collection of valid normative data to which the data
from neuropathy subjects could be compared would require a large case control study. Given
this was not practical, neuropathy subjects were compared to a group of 175 diabetic subjects
for whom BMI, blood pressure and lipid panels were available. It is well recognized that
diabetic individuals have a higher risk of obesity, hypertension, dyslipidemia and metabolic
syndrome than their normoglycemic counterparts 6. NGT neuropathy subjects had more
frequent and severe lipid abnormalities and were similar in other respects to diabetic subjects.
This finding supports the conclusion that NGT neuropathy subjects are more likely to have
underlying metabolic syndrome than the non-diabetic control population. However, the
comparison to the diabetic cohort must be interpreted with some caution. More diabetic subjects
were taking statin medications compared to neuropathy subjects. This finding might partially
explain the higher total and LDL cholesterol levels in the NGT and IGT neuropathy cohorts.
It also suggests statin use is not a risk factor for neuropathy development. The mean age of the
diabetic cohort was 8.7 years less than the neuropathy cohort which also may bias to more
metabolic syndrome features in the later group. Overall, however, the data from this study
associating lipid abnormalities with neuropathy are more compelling that those linking IGT to
neuropathy.

Another interpretation of our findings is that neuropathy patients may be more prone to have
metabolic syndrome or IGT because of a sedentary lifestyle due to pain. The fact that BMI was
lower among NGT neuropathy subjects than the diabetic group and the recent observation that
diet and exercise intervention results in short term improvement in IGT-associated neuropathy
argue against this possibility 21. Further study is necessary to confirm these findings and further
examine the pathogenic role of obesity and dyslipidemia. A large well powered prospective
case control study of idiopathic neuropathy patients, as well as neuropathy screening studies
among obese and non-obese populations are desirable.
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Figure 1.
Prevalence of metabolic syndrome among evaluated cohorts. Both male and female IGT and
NGT neuropathy patients had a significantly higher prevalence of metabolic syndrome that
several large population based cohorts (p<0.001) 3-5.
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Figure 2.
Prevalence of features of metabolic syndrome in neuropathy patients compared to published
population controls. NGT neuropathy patients had a significantly higher rate of dyslipidemia
and hypertension when compared to NGT patients participating in the Finnish Diabetes
Prevention Study (p<0.001). Female neuropathy patients were significantly more obese
(p<0.001) although there was no difference between men 6.
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Table 1
Comparison of metabolic syndrome features among study groups. The demographic and metabolic characteristics of
patients with NGT and IGT neuropathy are compared with characteristics of diabetic subjects without neuropathy.
Subjects with NGT and IGT neuropathy were significantly more likely to have reduced HDL or elevated TRG (p<0.001)
and had lower HDL and higher TRG (p<0.001) than diabetic subjects. Diabetic subjects were younger and had higher
BMI (p<0.001). Contingency table analysis indicated a significantly higher number of metabolic syndrome features
other than hyperglycemia among NGT neuropathy compared with diabetic subjects (p<0.05). (FPG - fasting plasma
glucose, OGTT - glucose 2 hours following oral glucose tolerance test, CHOL - total cholesterol, LDL - low density
lipoprotein, HDL - high density lipoprotein. TRIG - triglycerides, SBP - systolic blood pressure, DBP - diastolic blood
pressure, all laboratory values in mg% and blood pressure in mm Hg)

NGT IGT Diabetes

Number 77 77 175
Gender Male 48% (n=37) 43% (n=33) 48% (n=84)

Female 52% (n=40) 57% (n=44) 51% (n=91)
Age 62.9 +/- 12 61.2 +/- 8.7 53.4 +/- 9.5 (p<.001)
Months of known diabetes 0 0 81 +/- 80
Metabolic Features FPG 82.2 +/-8.4 102 +/- 22 ----

OGTT 97.2 +/- 28 164 +/- 49 ----
CHOL 201 +/-34 193.7 +/- 42 173 +/-48.1 (p<.001)
LDL 113 +/-28 104 +/-34 90.1 +/- 34.7 (p<.001)
HDL 51.2 +/- 18 48.4 +/- 15 51.1 +/- 15.9
TRIG 203 +/-130 225 +/- 131 196+/- 350

BMI 29.7 +/- 5.7 30.8 +/- 5.2 32.5 +/- 7.5 (p<.001)
Blood Pressure SBP 131 +/-19 140 +/-17 132 +/- 17

DBP 76.7 +/- 11 79.3 +/- 11 75.9 +/- 9.8
Percent with: Hypertension 74% 88% 66%

Reduced HDL 65% 59% 35% (p<.001)
Hypertriglyceridemia 74% 78% 38% (p<.001)
Obesity 51% 49% 55%
Statin Use 26% 25% 58% (p<0.001)

Metabolic Syndrome Total # of Criteria Met 2.5 2.7 2
% Meeting 0 Criterion 3% 2% 11
% Meeting 1 Criterion 97% 98% 89
% Meeting 2 Criterion 81% 86% 70
% Meeting 3 Criterion 54% 65% 41
% Meeting 4 Criterion 19% 22% 13
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