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Abstract
Patients with idiopathic small fibre neuropathy (ISFN) have been shown to have significant
intraepidermal nerve fibre loss and an increased prevalence of impaired glucose tolerance (IGT). It
has been suggested that the dysglycemia of IGT and additional metabolic risk factors may contribute
to small nerve fibre damage in these patients.

25 patients with ISFN and 12 aged-matched control subjects underwent a detailed evaluation of
neuropathic symptoms, neurological deficits (Neuropathy deficit score (NDS); Nerve Conduction
Studies (NCS); Quantitative Sensory Testing (QST) and Corneal Confocal Microscopy (CCM) to
quantify small nerve fibre pathology.

8 (32%) of patients had IGT. Whilst all patients with ISFN had significant neuropathic symptoms,
NDS, NCS and QST except for warm thresholds were normal. Corneal sensitivity was reduced and
CCM demonstrated a significant reduction in corneal nerve fibre density (NFD) (P<0.0001), nerve
branch density (NBD) (P<0.0001), nerve fibre length (NFL) (P<0.0001) and an increase in nerve
fibre tortuosity (NFT) (P<0.0001). However these parameters did not differ between ISFN patients
with and without IGT, nor did they correlate with BMI, lipids and blood pressure.

Corneal confocal microscopy provides a sensitive non-invasive means to detect small nerve fibre
damage in patients with ISFN and metabolic abnormalities do not relate to nerve damage.
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Introduction
Patients with impaired glucose tolerance (IGT) or impaired fasting glucose (IFG) are at
substantially increased risk of developing diabetes and cardiovascular disease (Unwin, et al.,
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2002). The incidence of microalbuminuria (Barr, et al., 2006), and retinopathy (Wong, et al.,
2005) is higher in patients with IFG and IGT compared to subjects with normal glucose
metabolism. The evidence that there is a similar link between IGT and neuropathy is less clear.
The majority of studies supporting this contention have demonstrated a greater than expected
prevalence of impaired glucose tolerance (IGT) in patients with idiopathic small fibre
neuropathy (ISFN) (Smith, et al., 2001, Smith, et al., 2006, Sumner, et al., 2003) with an
improvement in IENF following an improvement in weight, lipid and glucose levels with diet
and exercise in ISFN patients with IGT (Smith, et al., 2006). However, recently the design,
interpretation and hence the contributory role of IGT in the development of nerve damage in
ISFN has been questioned (Dyck, et al., 2007). Furthermore, a European study has not shown
as high a prevalence of IGT in patients with ISFN (Nebuchennykh, et al., 2008), suggesting
that the higher prevalence of IGT in the previous US studies may well have reflected the higher
background incidence of IGT in the US population.

If patients are selected for having IGT only as opposed to ISFN, then a recent population based
study from Germany, has shown that the prevalence of polyneuropathy assessed using the
Michigan Neuropathy Screening Instrument was only slightly increased in individuals with
IGT compared to those with NGT (Ziegler, et al., 2008). More detailed studies in IGT subjects
have shown no abnormality in either nerve conduction velocity and amplitude (Cappellari, et
al., 2005) or sural nerve myelinated nerve fibre density (Sundkvist, et al., 2000). Although, a
recent study in 46 subjects with IGT demonstrated a significantly greater abnormality for heart
rate variability and a higher frequency of hyperesthesia and hypoesthesia as well as increased
heat detection thresholds (Putz, et al., 2009), suggestive of predominantly small fibre damage.

With regard to causation, ISFN patients with normal glucose levels have recently been shown
to have a significantly higher total and LDL cholesterol, and a higher prevalence of abnormal
HDL and triglycerides (Smith, et al., 2008), suggesting that dyslipidaemia may be as important
as glucose dysmetabolism in the development of neuropathy (Smith and Singleton, 2008). This
notion is supported in Type 1 diabetic patients, as in addition to hyperglycaemia; BMI, lipids
and blood pressure have also been shown to contribute to the development of neuropathy
(Tesfaye, et al., 2005). Studies also suggest that the earliest damage in patients with ISFN or
metabolic syndrome may occur in the small fibres, and accumulating evidence suggests IENF
loss predates large fibre damage, in early diabetic polyneuropathy (Loseth, et al., 2008,
Umapathi, et al., 2007). Hence assessment of IENF in skin biopsies has been endorsed recently
in the detection of distal small fiber sensory polyneuropathy (Ebenezer, et al., 2007, England,
et al., 2009). However, this is an invasive procedure and cannot be advocated for use in patients
with minor metabolic abnormalities and no overt evidence of neuropathy.

Previously we have shown that corneal confocal microscopy (CCM), a non-invasive means of
quantifying small fibre damage in patients with diabetic neuropathy (Kallinikos, et al., 2004,
Malik, et al., 2003) may relate to intra epidermal nerve fibre loss (Quattrini, et al., 2007). It
also relates to a loss of corneal sensitivity (Tavakoli, et al., 2007), and detects early small nerve
fibre regeneration following pancreas transplantation in patients with Type 1 diabetes (Mehra,
et al., 2007). We have also recently shown that CCM detects nerve damage in patients with
Fabry disease (Tavakoli, et al., 2009).

In the present study patients with ISFN underwent CCM in addition to conventional
neurophysiology and quantitative sensory testing. Furthermore nerve fibre damage was related
to a range of metabolic risk factors for nerve damage.
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Methods
The study was approved by Central Manchester Ethics committee and written informed consent
was obtained from each patient according to the declaration of Helsinki.

Patient description
25 patients referred with ISFN from the department of neurology and 12 age-matched healthy
volunteers were studied. All patients were examined carefully by a neurologist and other causes
of neuropathy were excluded based on a detailed medical history, no family history of
neuropathy, toxin exposure and normal renal function, complete blood count, thyroid function,
B12 levels and plasma electrophoresis. An Oral Glucose Tolerance Test (OGTT) was
performed according to ADA and WHO guidelines in all patients and Impaired Glucose
Tolerance (IGT) was defined on the basis of a 2-h plasma glucose ≥7.8 and < 11.1 mmol/l.
Fasting lipids and blood pressure were also evaluated.

Assessment of Neuropathy
All patients and control subjects underwent a detailed evaluation of neurological symptoms
using the Neuropathy Symptom Profile (NSP) (Dyck, et al., 1986, Young, et al., 1993).
Neurological deficits were assessed using the neuropathy disability score (NDS) (Abbott, et
al., 2005) which included tuning fork vibration perception, pin prick perception and
temperature perception as well as the presence or absence of ankle reflexes to give a combined
score between 0 and 10. Electro diagnostic studies were undertaken using a Dantec “Keypoint”
system (Dantec Dynamics Ltd, Bristol, UK) equipped with a DISA temperature regulator to
keep limb temperature constantly between 32–35°C. Electrophysiological studies were
performed in Sural, Peroneal, Tibial, Radial and Ulnar nerves. All studies were performed
according to a standardised protocol using surface electrodes of 9mm diameter. Stimulation
was supra-maximal and motor studies were recorded using a belly-tendon electrode placement.
Motor nerve conduction was investigated in the following nerves: Ulnar (Recording, Abductor
Digiti Minimi (ADM); Stimulation, Wrist (60mm proximal to active recording electrode), 4cm
distal to elbow and 5mm proximal to elbow) and Peroneal (Recording, Extensor Digitorm
Brevis (EDB); Stimulation, Ankle (60mm proximal to active recording electrode), 5cm distal
to the fibular head and 5cm proximal to the fibular head). Sensory nerve conduction was
investigated in the following nerves: Sural (recording, ankle; stimulation calf (140mm
proximal to active recording electrode)) and Radial (recording, anatomical snuffbox;
stimulation, wrist (80 mm proximal to active recording electrode)). The DML reflects the time
taken from supramaximal stimulation of the nerve 60mm proximal to the active recording
electrode to the onset of the compound muscle action potential (i.e. the evoked motor response).
Vibration Perception Threshold (VPT) was measured using a Neurothesiometer (Horwell,
Scientific Laboratory Supplies, Wilford, Nottingham, UK). Quantitative sensory testing
included warm sensation and heat induced pain (WS, HIP) to assess C fibres and cold sensation
and cold induced pain (CS, CIP) to assess Að fibres, using the MEDOC TSA II (Medoc Ltd.,
Ramat Yishai 30095, Israel) device on the dorsum of the left foot. Sensory thresholds were
determined by the method of limits.

Corneal sensitivity
Corneal sensitivity was quantified using a non contact corneal aesthesiometer (NCCA,
Glasgow, Caledonian University, UK) which uses a puff of air on the centre of the cornea,
lasting 0.9 seconds and exerting a force expressed in millibars (mbars). The stimulus jet is
mounted on a slit lamp and is positioned 1 cm from the eye and the air jet is aligned to the
centre of the cornea. The sensation described by the subject varies with subjects most
commonly describing a “cold” sensation and others a “breeze” like sensation which is not
regarded as unpleasant (Tavakoli, et al., 2007). The coefficient of variation for NCCA is 5.6%.
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Corneal Confocal Microscopy
Patients underwent examination with a Tomey Confoscan corneal confocal microscope model
P4 (Erlangen, Germany). One eye of each subject was selected at random for examination and
anaesthetized with one drop of benoxinate hydrochloride 0.4% (oxybuprocaine hydrochloride,
Minims). The objective lens of the confocal microscope was disinfected (isopropyl alcohol
70% v/v, Swabs). A large drop of Viscotears liquid gel (carbomer 940, Ciba Vision
Ophthalmics) was applied onto the tip of the lens and advanced forwards until the gel touched
the cornea, allowing optical but not physical contact between the objective lens and corneal
epithelium during the examination. Several scans of the entire depth of the cornea were
recorded by turning the fine focus of the objective lens backwards and forwards for
approximately 2 min to acquire satisfactory images of all corneal layers providing en face two
dimensional images with a lateral resolution of approximately 1 to 2 μm and final image size
of 768 pixels × 576 pixels. Our recently published study compared 5 different regions of the
cornea and demonstrated that the density in the centre was the highest and was only reduced
in the extreme periphery (Patel, et al., 2009). Therefore we selected three to five high quality
images of Bowman’s layer from the centre of the cornea in each patient and control subject.
This layer is of particular relevance for defining neuropathic changes since it is the location of
the main nerve plexus that supplies the overlying corneal epithelium. The images were coded
and the observer quantified the abnormalities in a randomised and masked fashion.

We have established four parameters as potential indicators of corneal nerve fiber damage and
repair (Malik, et al., 2003, Quattrini, et al., 2007): (i) Corneal nerve fiber density (CNFD) the
total number of major nerves/mm2 of corneal tissue; (ii) Corneal nerve fiber length (CNFL)
the total length of all nerve fibers and branches (mm/mm2) of corneal tissue; and (iii) Corneal
nerve branch density (CNBD) the number of branches emanating from major nerve trunks/
mm2 of corneal tissue and (iv) Corneal nerve fibre tortuosity (NFT). Measures (i) and (iii) were
determined using morphometric software incorporated within the Tomey instrument. Measure
(ii) was determined using third party image analysis software (Scion Image for Windows, Scion
Corporation, Frederick, Ma., USA) and measure (iv) was calculated using a MATLAB function
(MATLAB, Mathworks, USA, version 6.5) that was created for this purpose (Kallinikos, et
al., 2004). To estimate the error in measuring CNFD, CNFL and CNBD, we acquired images
and determined each of these parameters in 15 subjects on two occasions separated by at least
48 h. The coefficient of variation of these parameters was: 12% for CNFD, 9% for CNFL and
24% for CNBD.

Statistics
SPSS 11.05.0 for Windows was used to compute the results. Analysis included descriptive and
frequency statistics. All data are expressed as mean ± SEM. One-way analysis of variance
(ANOVA) with Scheffe Post-hoc tests was used to study differences between means. The
Pearson test was used to analyze correlations between potentially related variables.

Results
25 patients (age: 60.2 ± 3.3) with ISFN and 12 healthy volunteers (age: 59.3 ± 3.9) were studied.
The clinical characteristics of ISFN patients and controls are summarized in Table 1.

Glucose Tolerance Test
The OGTT demonstrated that 8 (32%) of patients (age: 63 ± 3.6 yrs) had IGT (2h: 8.8 ± 0.8
mmol/l) and 17 patients (age: 57.5 ±3.1 yrs) had NGT (2h: 5.5 ± 0.4 mmol/l).
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Symptoms and neurological deficits
Neuropathic symptoms as assessed by the NSP were significantly increased in ISFN patients
with IGT (11.3 ± 2.8, P=0.002) and NGT (10.7 ± 1.8, P<0.0001) compared to controls, but no
difference was observed between patients with NGT and IGT. The severity of neurological
deficit according to the NDS was significantly increased in patients with IGT (4.9 ± 1.8,
P=0.01) and NGT (3.9 ±0.9, P=0.01) compared to controls, but with no difference between
IGT and NGT.

Electrophysiology
By definition i.e. ‘idiopathic small fibre neuropathy’ ISFN patients had normal sensory (Sural
and Radial) and motor (Peroneal, Tibial and Ulnar) nerve electrophysiology and only sural
nerve conduction velocity was marginally but significantly reduced (Table 2).

Quantitative Sensory Testing
Vibration perception threshold did not differ significantly between patients with IGT (22.8 ±
6.2) and NGT (17.6 ± 3.4) compared to controls (13.3 ± 2.4). The threshold for cold sensation
(CS), Cold Induced Pain (CIP) and heat induced pain (HIP) did not differ significantly between
patients and control subjects. However, the threshold for warm sensation (WS) was increased
in ISFN patients with NGT (P=0.005) but not in those with IGT (P=0.08) compared to controls.

Corneal nerve sensitivity
Although the threshold of corneal sensitivity was increased in patients, it did not differ
significantly in those with IGT (1.4 ± 0.3) and NGT (1.2 ± 0.2) compared to controls (0.8 ±0.1)
(Table 3).

Corneal nerve morphology
In patients with ISFN there was a highly significant reduction in CNFD (P<0.0001) (Table 3,
Figure 1a), CNBD (P<0.0001), (Figure 1b) and CNFL (P<0.0001) (Figure 1c) with an increase
in CNFT (P<0.0001) compared to controls. However, there was no difference for any parameter
between ISFN patients with IGT compared to NGT.

Correlation
NCCA correlated with NPS (r=0.657, P<0.002) and NDS (r=0.598, P=0.007. Corneal NFD
correlated significantly with NSP (r=−0.47, P=0.03), NDS (r=−0.50, P=0.02), sural conduction
velocity (r=0.59, P=0.007) but not WS (r=−0.38, P=0.13). Similarly, corneal NBD correlated
significantly with NSP (r=−0.83, P=0.01), NDS (r=−0.48, P=0.03), sural conduction velocity
(r=0.63, P=0.004) but not WS (r=−0.38, P=0.13). NFL correlated with NSP (r=−0.46, P=0.04),
NDS (r=−0.58, P=0.007), sural conduction velocity (r=0.55, P=0.01) and WS (r=−0.49,
P=0.04). CNFD correlated with other measures of corneal nerve pathology (NBD (r=0.92,
P<0.0001), NFL (r=0.90, P<0.0001) and NFT (r=−0.59, P=0.009). CNFD did not correlate
with either fasting (r=−0.396, p=0.180) or 2 hour glucose levels in the OGTT (r=−0.034,
P=0.911), BMI (r=−0.293, p=0.382), total cholesterol (r=−0.208, p=0.539), triglycerides (r=
−0.529, p=0.116) or systolic (r= −0.316, p=0.542) and diastolic (r= 0.471, p=0.345) blood
pressure. Although NBD (r=−0.653, P=0.04) and NFL (P=−0.618, P=0.06) correlated with the
triglycerides this was an inverse correlation (Table 4).

Discussion
Patients with ISFN have been shown to have significant small nerve fibre pathology using the
novel non-invasive technique of CCM. Whilst we confirm the significantly increased
prevalence of IGT (32%), comparable to previous studies in patients with ISFN, suggesting
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that IGT may be important in the genesis of nerve damage in this condition (Cappellari, et al.,
2005, Novella, et al., 2001, Singleton, et al., 2001), our data differ from recent data in a cohort
of Norwegian patients with ISFN, where only 13% had IGT (Nebuchennykh, et al., 2008). A
potential reason for this difference may be that we studied only 25 subjects which formed a
small sample of all the patients with ISFN in the clinic and therefore there was potential for
selection bias.

However, in patients selected for having IGT as opposed to ISFN, the prevalence of
polyneuropathy is only slightly increased in individuals with IGT compared to those with NGT
(Ziegler, et al., 2008). And subjects with IGT consistently show no abnormality in either nerve
conduction velocity and amplitude (Cappellari, et al., 2005) or sural nerve myelinated nerve
fibre density (Sundkvist, et al., 2000, Thrainsdottir, et al., 2003). Although, in a recent study
subjects with IGT demonstrated both autonomic and small fibre damage (Putz, et al., 2009).
The studies in patients with ISFN have also demonstrated normal electrophysiology and QST
but with IENF loss (Smith, et al., 2001, Smith, et al., 2006, Sumner, et al., 2003) which improves
with weight, lipid and glucose control (Smith, et al., 2006). Several others studies confirm
nerve fibre damage primarily to small nerve fibres in this group of patients (Periquet, et al.,
1999, Smith, et al., 2008, Smith, et al., 2006) suggesting that the earliest damage in patients
with ISFN or metabolic syndrome may occur to the small fibres. Accumulating evidence also
suggests IENF loss predates large fibre damage, in early diabetic polyneuropathy (Loseth, et
al., 2008, Umapathi, et al., 2007). Hence assessment of IENF in skin biopsies has been endorsed
recently in the detection of distal small fiber sensory polyneuropathy (Ebenezer, et al., 2007,
England, et al., 2009).

As expected patients with ISFN have intact large fibre function, although the NDS a
neurological exam was abnormal as was sural nerve conduction velocity. The warm threshold,
suggestive of a small fibre deficit, was significantly increased in patients with ISFN. However,
the key finding of this study is that we have shown significant small nerve fibre pathology
using the rapid and non-invasive technique of CCM, providing a novel diagnostic means to
diagnose small fibre damage in patients with ISFN. These data are supported by our recent
findings of abnormal CCM findings in patients with Fabry disease (Tavakoli et al 2009).

CCM may also allow one to undertake more readily further studies to address the mechanistic
basis of ISFN in relation to risk factors. Thus with regard to causation of nerve damage in ISFN
patients, the early focus was in relation to impaired glucose tolerance (Singleton, et al., 2001,
Singleton, et al., 2001). However, in a recent study a significantly higher total and LDL
cholesterol, and a higher prevalence of abnormal HDL and triglycerides (Smith, et al., 2008)
has been demonstrated in normoglycaemic patients with ISFN, suggesting that factors such as
dyslipidaemia may be as important in the development of neuropathy in these patients (Smith
and Singleton, 2008). Similarly in a recent population based study which did not preselect
patients with ISFN polyneuropathy was associated with not only diabetes but also waist
circumference (Ziegler, et al., 2008). Furthermore, not only hyperglycaemia but BMI, lipids
and blood pressure have been shown to contribute independently to the development of
neuropathy in Type 1 diabetes (Tesfaye, et al., 2005). In the present study although the
incidence of IGT was higher in patients with ISFN than one might expect in the general
population, the premise that IGT may cause nerve damage is not sustained as despite marked
corneal nerve damage in patients with ISFN this did not differ between patients with IGT and
NGT. Furthermore there was also no correlation between corneal nerve fibre loss and a range
of metabolic parameters. Although, clearly a lack of correlation does not necessarily mean a
lack of association and therefore these conclusions must be guarded due to the small sample
size studied.
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In conclusion CCM provides a novel non-invasive means to demonstrate significant small fibre
abnormalities in patients with ISFN. This study questions the role of impaired glucose tolerance
in the genesis of this condition. Larger cross sectional or longitudinal mechanistic studies are
warranted and CCM may facilitate this.
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Figure 1.
CCM nerve fiber density (a), nerve fiber branch density (b) nerve fiber length (c) and sensitivity
of cornea (d) in control subjects and patients with ISFN with NGT and IGT. Horizontal bars
illustrate the mean and vertical bars illustrate the SE.
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Figure 2.
CCM images of the corneal nerves, original magnification ×700. (a) Control subject with 5
fibers and 3 major branches compared to a patient with ISFN with 3 fibres and 1 branch. The
white arrows indicate nerve fibers.
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Table 1

Clinical assessments

Controls ISFN Patients with NGT ISFN Patients with IGT

Number 12 17 8

Sex (Female/Male) 9/3 5/12 2/6

Age (years) 59.3 ± 3.9 57.5 ± 3.1 63 ± 3.6

Fasting glucose (mmol/l) <5.5 5.3 ± 0.1 5.6 ± 0.2

2h glucose (mmol/l) ≤7.7 5.5 ± 0.4 8.8 ± 0.8

BMI (kg/m2) <25 26.3 ± 4.2 31.6 ± 2.8

Systolic BP (mmHg) - 147 ± 7 139 ± 5.5

Diastolic BP (mmHg) - 69.5 ± 0.5 72.5 ± 3.5

Total Cholesterol (mmol) - 4.7 ± 0.4 5.1 ± 0.4

TG (mmol) - 2.9 ± 0.8 2.9 ± 0.3
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Table 2

Neurological assessment

Controls (n=12) ISFN Patients with NGT (n=17) ISFN Patients with IGT (n=8)

NSP (0–38) 0* 10.65±1.83 11.29±2.83

NDS (0–10) 0.11±0.11† 3.94±0.87 4.86±1.75

Sural Amplitude (micro volts) 14.20±2.23 12.53±2.09 8.42±2.06

Sural Velocity (m/sec) 51.80±2.50† 46.78±1.13 44.22±1.97

Peroneal Amplitude (millivolts) 3.92±0.66 3.35±0.83 2.02±0.14

Peroneal Velocity (m/sec) 47.63±1.28 44.38±2.00 41.32±1.41

DML Peroneal (ms)( Ankle-EBD) 3.76±0.27 4.10±0.25 4.02±0.55

Tibial Amplitude (millivolts) 6.20±0.62 6.73±1.06 4.28±1.15

Tibial Velocity (m/sec) 45.20±1.39 46.92±1.87 43.08±2.65

Tibial DML (ms) 4.26±0.23 4.35±0.16 4.50±0.27

Radial Amplitude (micro volts) 32.45±3.47 25.28±4.80 26.50±6.51

Radial Velocity (m/sec) 61.41±1.80 56.28±1.87 60.82±1.89

Ulnar Amplitude (millivolts) 7.72±0.30 8.84±0.55 8.03±0.29

Ulnar Velocity (m/sec) 60.63±1.81 57.60±0.93 53.42±2.25

Ulnar DML (ms)(wrist-ADM) 2.58±0.21 2.24±0.09 2.43±0.13

VPT (volts) 11.90±2.18 17.61±3.43 22.76±6.21

CS (°C) 21.33±2.31 15.42±2.45 14.30±5.10

WS(°C ) 40.18±2.10† 46.13±0.86 44.71±1.38

CIP(°C ) 8.17±4 1.04±0.82 3.60±4.35

HIP(°C ) 43.51±5.46 49.82±0.33 49.43±0.41

Data are expressed as mean ± SE for ISFN patients and control subjects.

Statistically significant difference between patients and controls using ANOVA:

*
P<0.0001,

†
P<0.05.
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Table 3

Corneal sensitivity and nerve morphology assessed by CCM (Mean ± SEM)

Controls ISFN Patients with NGT ISFN Patients with IGT

NCCA (mili bars) 0.76±0.07 1.15±0.18 1.38±0.34

NFD (no/mm2) 43.61±4.26* 24.65±3 19.89±3.19

NBD (no/mm2) 26.57±2.70* 12.98±2.07 10.66±1.57

NFL ( mm/mm2) 9.28±0.55* 4.36±0.62 3.81±0.52

NFT (TC) 15.91±0.40‡ 21.76±1.01‡ 20.39±0.44‡

Statistically significant difference between patients and controls using ANOVA:

*
P<0.0001,

†
P<0.05,

‡
P<0.01. Post hoc results significantly different between controls and patients with NGT and IGT: ||P<0.05, ‡P<0.01
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