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Original Article

IntroductIon

Peripheral neuropathy (PN) can be categorized according 
to the nerves involved. Pure small fiber neuropathy (SFN) 
affects only the small fiber nerves, pure large fiber neuropathy 
affects only large fiber nerves, and mixed small and large fiber 
neuropathy affects both types of nerves.[1] Small diameter, 
thinly myelinated Aδ and unmyelinated C fibers are primarily 
affected by SFN, resulting in sensory and/or autonomic 
symptoms such as allodynia, hyperalgesia, palpitations, 
and hyper/hypohidrosis.[1,2] Traditional nerve conduction 
studies (NCS) measure the integrity and function of large fibers 
independent of small fiber function. Thus, the evaluation of 

small fiber function has been challenging until the introduction 
of skin biopsies assessing intraepidermal nerve fiber density 
(IENFD).[3] Recently, other techniques such as quantitative 
sensory testing, contact heat evoked potentials, as well 
as questionnaires and scales (e.g., the SFN and Symptom 
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Inventory Questionnaire [SIQ]), have been applied to evaluate 
small fiber damage in patients.[1,4‑6] However, skin biopsies are 
still considered the single most reliable and necessary test in 
the diagnosis of SFN.[1,7]

Various etiologies have been shown to be associated with 
SFN.[8,9] Therefore, obtaining a thorough medical history to 
determine possible causative factors should be carried out in 
patients suspected having SFN. In general, impaired glucose 
tolerance (IGT) is the most prevalent etiology resulting in 
SFN.[8] In addition to IGT, diabetes, dyslipidemia, connective 
tissue diseases, HIV infection, hepatitis C and other hepatic 
disorders, nutritional diseases, hyper/hypothyroidism, 
paraneoplastic syndromes, and neurotoxic agents such as 
oxaliplatin, paclitaxel, and vincristine[1,10] have all been 
shown to result in SFN. Thorough screening in patients 
could help identifying the etiology; however, no definitive 
etiologies are easily identifiable in some patients, which are 
regarded as having idiopathic neuropathy.[8] The occurrence 
of SFN can precede the occurrence of the primary disease, 
and a routine follow‑up should be performed to identify the 
etiology.[11‑14]

This study aimed to investigate the clinical features, 
electrophysiological parameters, and IENFD in patients 
with small fiber PN resulting from a variety of etiologies, 
and to compare the severity of disease among idiopathic PN, 
IGT‑related PN, and MS‑related PN.

Methods

Ethical approval
The study was approved by the Ethics Committee of the 
Chinese People’s Liberation Army (PLA) General Hospital, 
and all patients gave written informed consent before the 
study.

Patients
Sixty‑eight consecutive patients with small fiber PN 
presenting to the department of neurology in the Chinese 
PLA General Hospital from December 20, 2013, to May 
31, 2016, were enrolled. All patients presented with sensory 
or autonomic symptoms, which included disturbance of 
pinprick sensation and temperature sensation, allodynia, 
hyperalgesia, numbness, coldness, tightness, burning 
sensation, tingling sensation, bedsheet intolerance, restless 
legs, sensation of walking on sand or pebbles, muscle 
cramps, palpitations, hot flushes, hyper/hypohidrosis, 
skin discoloration, difficulty in urination, constipation/
diarrhea, sexual dysfunction, or sicca syndrome. A detailed 
medical history was taken from all patients, and a variety 
of laboratory tests were performed to screen for underlying 
etiologies. We identified 38 suitable patients with idiopathic 
PN (n = 17), IGT‑related PN (n = 12), and metabolic 
syndrome (MS)‑related PN (n = 9). Patients were divided 
into three groups according to the above etiologies. Patients 
included in the study were 22 males and 16 females, with a 
mean age of 54 ± 14 years.

Etiology screening 
A detailed medical history was taken, including a history 
of smoking and alcohol consumption, renal disorders, 
nutritional diseases, hyper/hypothyroidism, hematological 
disorders, malignancy, connective tissue diseases, infection 
with hepatitis C and other hepatic disorders, paraneoplastic 
syndromes, a medication history, a history of neurotoxic 
agents, and the presence of a family history of any 
neuropathy.

Laboratory tests to determine disease etiology included 
a complete blood count, erythrocyte sedimentation rate, 
C‑reactive protein, renal and hepatic function, lipid profile, 
fasting glucose, glycosylated hemoglobin, oral glucose 
tolerance test, folate and Vitamin B12, thyroid function 
test, antinuclear antibody, anti‑extractable nuclear antigens 
antibody, serum protein electrophoresis, and tumor markers. 
Diagnosis of impaired fasting glucose, IGT, and diabetes was 
based on comparison with the diagnostic criteria published 
by the World Health Organization.[15]

Clinical characteristics
Sensory and autonomic symptoms were recorded using 
the 13‑item SFN‑SIQ, which assessed factors including 
overly‑sensitive leg skin, burning feet, bedsheet intolerance, 
restless legs at night, changes in sweating patterns, presence 
of diarrhea or constipation, urinary tract problems (including 
hesitation and incontinence), dry eyes, dry mouth, dizziness 
when standing up, palpitations, and hot flushes. A 4‑point 
Likert scale (0: never present; 1: sometimes; 2: often; and 
3: always present) was used to determine symptom severity.[5,6]

A neurological examination was also performed by an 
experienced neurologist and included examinations for 
muscle strength, pinprick and vibration sensation, and deep 
tendon reflexes. Pinprick and vibration perception were 
conducted using a disposable safety needle and 128 Hz 
tuning fork, respectively. As previously described, the 
neurologist was blinded to the clinical symptoms.[16]

Nerve conduction studies
Skin temperature was maintained at or above 32°C during 
the examination. NCS were performed using surface 
electrodes on the tibial, peroneal, and sural nerves in both 
lower limbs using the Keypoint electromyography (EMG) 
system (Medoc Ltd., Ramat Yishai, Israel). Motor conduction 
velocities (MCVs), proximal and distal compound muscle 
action potentials (CMAPs) of the tibial and peroneal nerves, 
as well as sensory conduction velocities and sensory nerve 
action potential of the sural nerve were measured. Results 
were compared with reference values utilized by the EMG 
laboratory of Chinese PLA General Hospital.

Assessment of intraepidermal nerve fiber density
Skin biopsies were conducted using a 3‑mm diameter 
skin biopsy punch (Acuderm Inc., Fort Lauderdale, USA) 
approximately 10 cm above the lateral malleolus under local 
anesthesia. Specimens were acquired from the side with the 
most severe symptoms. The right side was selected if the 
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clinical presentation was identical on both sides. Specimens 
were immunostained using rabbit polyclonal antibodies to 
human protein gene product 9.5 (Chemicon International 
Inc., Temecula, USA) as previously described.[3,17] IENFs 
were counted in at least three sections as previously 
described, by two independent researchers blind to the 
clinical data.[18] A computerized imaging system ‑ Image 
Pro Plus 6.0 (Media Cybernetics, Silver Spring, USA) 
was used to measure epidermal length. Thus, the average 
IENFD (number of fibers/mm) was calculated. An IENFD 
below the fifth percentile of the worldwide normative 
reference value was considered abnormal.[19]

Statistical analysis
SPSS version 19.0 (IBM, Armonk, USA) was applied to 
perform statistical analysis. Partial correlations, which 
were controlled for age and gender, were analyzed to 
determine relationships among the IENFD and visual analog 
scale (VAS), SFN‑SIQ, and nerve conduction parameters. 
Analysis of variance (ANOVA) was conducted to compare 
the differences among idiopathic PN, IGT‑related PN, and 
MS‑related PN groups. Post hoc analyses (Least Significant 
Difference and Student‑Newman‑Keuls) were performed 
if significant differences were identified in the ANOVA. 
Kruskal‑Wallis test was conducted if data were not normally 
distributed.

results

Clinical characteristics
All patients presented with a disturbance in pinprick sensation, 
temperature sensation, and/or allodynia or hyperalgesia, which 
was in accordance with the clinical manifestations of SFN.

Mean VAS score of all patients included was 4.66 ± 3.56. 
Mean VAS scores of all groups are presented in Table 1. 
No significant differences in VAS scores were revealed 
among the three groups ( χ2 = 2.102, P = 0.350). Mean 
SFN‑SIQ score of all patients included was 5.74 ± 2.42. 
Mean SFN‑SIQ scores for all groups were also presented in 
Table 1. The mean SFN‑SIQ score was significantly different 
among the three groups (F = 14.433, P < 0.001). The mean 
SFN‑SIQ score was significantly increased (P < 0.001) 
in the MS‑related PN group compared to IGT‑related 
PN group. The mean SFN‑SIQ score was significantly 
increased (P < 0.001) in MS‑related PN group compared to 
the idiopathic PN group (P < 0.001).

Nerve conduction study and skin biopsy analysis
NCS was abnormal in 17 patients and normal in 21 patients. 
According to the international normative reference value, 
IENFD parameters were abnormal in 15 patients and normal 
in 23 patients. Eight patients were diagnosed with pure SFN, 
seven patients were diagnosed with mixed small and large 
fiber neuropathy, 10 patients were diagnosed with pure 
large fiber neuropathy, and 13 patients did not display any 
abnormalities in NCS and skin biopsies.

In the IGT‑related PN group, three patients were diagnosed 
with mixed small and large fiber neuropathy, six patients 
were diagnosed with pure large fiber neuropathy, and three 
patients did not display any abnormalities in NCS and skin 
biopsies.

In the MS‑related PN group, three patients were diagnosed 
with pure SFN, four patients were diagnosed with mixed 
small and large fiber neuropathy, one patient was diagnosed 
with pure large fiber neuropathy, and one patient did not 
display any abnormalities in NCS and skin biopsies.

In the idiopathic PN group, five patients were diagnosed 
with pure SFN, three patients were diagnosed with pure 
large fiber neuropathy, and nine patients did not display any 
abnormalities in NCS and skin biopsies.

Relationships among intraepidermal nerve fiber 
density, visual analog scale, small fiber neuropathy and 
symptom inventory questionnaire, and nerve conduction 
studies
The partial correlation coefficient between the IENFD 
and SFN‑SIQ was r = −0.668 (P < 0.001), indicating a 
moderate correlation. The partial correlation coefficient 
between the IENFD and MCV of the tibial nerve was 
r = 0.372 (P = 0.025), indicating low correlation. The partial 
correlation coefficient between the IENFD and proximal and 
distal CMAP of the tibial nerve was r = 0.383 (P = 0.021) 
and r = 0.358 (P = 0.032), respectively, indicating 
a low correlation. The partial correlation coefficient 
between the IENFD and MCV of the peroneal nerve was 
r = 0.399 (P = 0.016), indicating a low correlation.

Comparison of parameters among different groups
IENFD parameters were significantly different among 
all three groups ( χ2 = 9.901, P = 0.007). IENFD was 
significantly decreased ( χ2 = 23.000, P = 0.003) in the 
MS‑related PN group compared to the idiopathic PN group. 
IENFD was also decreased ( χ2 = 27.000, P = 0.058) in the 
MS‑related PN group compared to the IGT‑related PN group, 
however, with no significant difference. IENFD was also 
decreased ( χ2 = 64.000, P = 0.097) in the IGT‑related PN 
group compared to the idiopathic PN group, again with no 
significant difference [Table 2].

The MCV of the tibial nerve was significantly different 
among all three groups ( χ2 = 8.172, P = 0.017). The MCV of 
the tibial nerve was also significantly decreased ( χ2 = 29.503, 
P < 0.009) in the MS‑related PN group compared to the 
idiopathic PN group.

Table 1: VAS and SFN‑SIQ scores of different types of 
peripheral neuropathy patients with small fiber involvement

Items IGT‑related 
PN (n = 12)

MS‑related 
PN (n = 9)

Idiopathic 
PN (n = 17)

VAS 3.75 ± 3.91 6.00 ± 3.91 4.59 ± 3.08
SFN‑SIQ 5.33 ± 1.67 8.56 ± 2.51 4.53 ± 1.55
Data are shown as mean ± SD. VAS: Visual analog scale; SFN‑SIQ: The 
Small Fiber Neuropathy and Symptom Inventory Questionnaire; IGT: 
Impaired glucose tolerance; MS: Metabolic syndrome; PN: Peripheral 
neuropathy; SD: Standard deviation.
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The proximal and distal CMAP of the tibial nerve was 
significantly different between all three groups (F = 4.336, 
P = 0.021; F = 3.262, P = 0.049), respectively. The 
proximal CMAP of the tibial nerve was significantly 
decreased (P = 0.017) in the IGT‑related PN group compared 
to the idiopathic PN group. The proximal CMAP of the 
tibial nerve was significantly decreased (P = 0.022) in 
the MS‑related PN group compared to the idiopathic PN 
group. Furthermore, the distal CMAP of the tibial nerve was 
significantly decreased (P = 0.035) in the IGT‑related PN 
group compared to the idiopathic PN group. The distal CMAP 
of the tibial nerve was significantly decreased (P = 0.049) 
in the MS‑related PN group compared to the idiopathic PN 
group [Table 2].

dIscussIon

This study identified that IENFD weakly correlated with 
the MCV and proximal and distal CMAPs of the tibial 
nerve. IENFD also weakly correlated with the MCV of the 
peroneal nerve. However, a conflicting study has previously 
demonstrated that IENFD does not relate to NCS parameters 
in patients with IGT and early diabetes,[20] indicating that 
the severity of small and large fiber damage may not 
coincide. Such findings may be accounted for by the fact 
that patients in the study were in the initial stages of IGT 
or diabetes‑associated neuropathy, suggesting they may not 
have extensive nerve damage. The initial stages of IGT or 
diabetes‑associated neuropathy involve small fiber damage, 
eventually progressing to large fiber involvement.[20] The 
aforementioned report enrolled only 14 patients, six with 
IGT and eight with early‑stage diabetes. The small number 
of patients in that study may have led to a certain degree of 
outcome bias. In another previously published study,[21] a 
low to moderate correlation was identified between IENFD 
and the electrophysiological parameters in diabetic patients, 

which was in accordance with the findings in our study. 
One study[21] has indicated IENFD correlated with the 

various parameters of NCS, which is in accordance with our 
study. Furthermore, another study[22] found NCS remained 
within the normal range in type 2 diabetes, but there was 
a small significant decline after 5 years; IENFD changed 
from normal to abnormal after 5‑year follow‑up. This 
suggests that during early stages of IGT/diabetes‑associated 
neuropathy, only IENFD are involved, and IENFD does 
not correlate initially with NCS parameters. Nevertheless, 
as the disease progresses, IENFD and electrophysiological 
parameters correlate, suggesting advancement in the degree 
of nerve damage. A recent study indicated that IENFD 
was able to serve as a marker of the course of diabetic 
neuropathy.[23]

This study also demonstrated that IENFD significantly 
decreased in the MS‑related group compared to the 
idiopathic PN group. The mean IENFD in the MS‑related 
group was lower than that of the IGT‑related group, 
although was not significantly different. The mean IENFD 
in the IGT‑related group was lower than that of the 
idiopathic PN group, again with no significant difference. 
The MCV of the tibial nerve was significantly decreased 
in the MS‑related PN group compared to the idiopathic 
PN group, and the proximal and distal CMAP of the tibial 
nerve was significantly different between all three groups. 
In a study focusing on IGT and diabetes‑associated 
neuropathy, IENFD and electrophysiological parameters 
were reduced in diabetics compared to IGT‑related PN 
patients, although not significantly.[20] The small number 
of included patients in that study may account for such 
findings. In our study, the number of included patients 
was comparably larger in comparison to other previously 
published reports, with significant differences in IENFD 
and NCS parameters between IGT/MS‑related and 
idiopathic PN groups. This suggests that improving the 
number of patients in such a study might increase the 
power of the statistical findings associated with clinical 
parameters.

Table 2: IENFD and NCS parameters among different types of peripheral neuropathy patients with small fiber involvement

Parameters IGT‑related PN (n = 12) MS‑related PN (n = 9) Idiopathic PN (n = 17) F or χ2 P
Age (years) 56.8 ± 12.7 60.2 ± 15.6 49.6 ± 14.2 1.924* 0.161
Gender (male), n 7 5 10 0.424 0.809
IENFD (number of 

fibers/mm)
4.66 ± 5.25 2.57 ± 2.60 6.25 ± 2.51 9.901 0.007

TIBI.MCV (m/s) 40.48 ± 13.35 36.34 ± 15.68 47.44 ± 6.09 8.172 0.017
T.PCMAP (mV) 5.26 ± 3.39 5.03 ± 5.24 10.31 ± 6.42 4.336* 0.021
T.DCMAP (mV) 7.41 ± 4.91 7.32 ± 7.09 12.72 ± 6.97 3.262* 0.049
PERI.MCV (m/s) 42.24 ± 13.78 35.47 ± 20.24 47.98 ± 5.24 2.926 0.232
P.PCMAP (mV) 3.54 ± 2.64 4.10 ± 3.73 5.79 ± 2.84 2.189* 0.127
P.DCMAP (mV) 4.15 ± 3.20 4.86 ± 3.92 6.81 ± 2.27 3.024* 0.061
SURA.SCV (m/s) 34.43 ± 25.60 35.53 ± 27.02 46.48 ± 18.17 1.792 0.408
S.SNAP (µV) 4.68 ± 5.25 7.33 ± 8.30 9.59 ± 9.40 1.314* 0.282
Data are shown as n or mean ± SD. *F value. IENFD: Intraepidermal nerve fiber density; TIBI.MCV: Motor conduction velocity of tibial nerve; T.PCMAP: 
Proximal compound muscle action potential of tibial nerve; T.DCMAP: Distal compound muscle action potential of tibial nerve; PERI.MCV: Motor 
conduction velocity of peroneal nerve; P.PCMAP: Proximal compound muscle action potential of peroneal nerve; P.DCMAP (mV): Distal compound 
muscle action potential of peroneal nerve; SURA.SCV: Sensory conduction velocity of sural nerve; S.SNAP: Sensory nerve action potential of sural 
nerve; IGT: Impaired glucose tolerance; MS: Metabolic syndrome; PN: Peripheral neuropathy; SD: Standard deviation; NCS: Nerve conduction studies.
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The IENFD and various NCS parameters in the MS‑related 
PN group were decreased compared to the IGT‑related PN 
group and idiopathic PN groups. Another study also indicated 
distal leg IENFD was significantly reduced in both MS and 
diabetic groups.[24] This may be caused by several factors. 
First, obesity, hypertension, and in particular, hyperlipidemia 
are crucial risk factors for small fiber damage.[21,25,26] Indeed, 
MS is more prevalent in patients with severe PN than with 
mild/moderate PN,[25] supporting our finding that IENFD 
in the MS‑related PN group was lower. Second, in the 
MS‑related PN group, six patients were diagnosed with 
diabetes mellitus, and three were diagnosed with IGT, which 
may partially explain the lower IENFD in the MS‑related 
PN group compared with the IGT‑related PN groups. In a 
recent study, dynamic worsening was present in relation to 
changes in glucose tolerance status, which was in accordance 
with our findings.[27]

What's more, the IENFD and electrophysiological parameters 
in the idiopathic PN group were the least affected. The 
occurrence of SFN can precede the presentation of primary 
disease, with approximately 35–50% of idiopathic SFN cases 
being confirmed as IGT‑related SFN.[11‑14,28] Dyslipidemia has 
also been identified in patients with idiopathic PN in routine 
follow‑up.[26] Patients presenting with idiopathic PN in our 
study may precede IGT or dyslipidemia, thus, small and large 
fiber damage in the idiopathic PN group was less severe than 
in the IGT‑ and MS‑related PN groups. Therefore, a routine 
follow‑up to search for etiologies associated with idiopathic 
PN is of vital importance.

It is important, to mention that a limitation of this study 
was that the relatively small number of the patients. 
Large sample studies are warranted, and the relationship 
between dyslipidemia and PN should be evaluated in 
further studies.

In conclusion, the IENFD of patients included in our 
study weakly correlated with certain electrophysiological 
parameters. Peripheral nerves, including both small and 
large fibers, were more severely involved in MS‑related PN 
than in idiopathic PN. All possible auxiliary examinations 
and routine follow‑up should be conducted to search for 
underlying etiologies in idiopathic PN patients. 
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