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ABSTRACT

Introduction: Small fiber neuropathy (SFN)—
the early stage of diabetic peripheral neuropa-
thy (DPN)—progresses gradually and is difficult
to diagnose using neurophysiological tests. To
facilitate the early diagnosis of SFN, biomarkers
for SFN must be identified. The purpose of this
study was to investigate the characteristics of
SFN in prediabetic patients and the relationship
between pNF-H and SFN.

Methods: 44 IGT patients (inpatients and out-
patients) were selected at random. 33 healthy
subjects served as controls. Data on clinical
characteristics and laboratory parameters were
collected. Quantitative sensory testing (QST),
electromyography (EMG), and Sudoscan were
performed, and pNF-H was measured by ELISA.
Results: 24 of the 44 patients with impaired
glucose tolerance (IGT) were diagnosed with
SFN according to the modified Toronto Diabetic
Neuropathy Expert Group consensus criteria.
The thermal sensory thresholds of the IGT-SFN
group were significantly different from those of
the CTRL group (p\0.05), except for the heat
pain threshold. The sensory nerve action
potential (SNAP) of the sural nerve was 12.39 in
the IGT-SFN group, which was significantly
lower than those in the other groups. No sig-
nificant difference in nerve conduction velocity
(NCV) was observed among the three groups.
The electrochemical skin conductance (ESC) in
the IGT-SFN group was 69.78 ± 14.03uS, which
was significantly lower than that in the CTRL
group. The pNF-H in the IGT-SFN group was
170.6 (140.0, 223.6) pg/ml, which was signifi-
cantly higher than those in the CTRL and IGT-
non-SFN groups (76.55 and 64.7 pg/ml, respec-
tively). Multivariate regression analysis demon-
strated that pNF-H and 2h plasma glucose were
independently correlated with SFN; the ORs
(95% CI) were 1.429 (1.315, 1.924) and 2.375
(1.157, 4.837), respectively.
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Conclusions: Serum pNF-H may be associated
with SFN in IGT patients, and serum pNF-H
could therefore serve as a sensitive biomarker
for the detection of SFN.

Keywords: Diabetic peripheral neuropathy;
Nerve conduction; pNF-H; Quantitative
sensory testing; Sensory nerve function; Small
fiber neuropathy

Key Summary Points

Small fiber neuropathy (SFN) is considered
the ‘microalbuminuric’ equivalent of
diabetic peripheral neuropathy (DPN),
and is often overlooked by physicians.

Early detection of SFN is critical for the
prevention and treatment of DPN.

Diagnosis of SFN is complicated and time
consuming. Up to now, no serum-based
indicator that could be used for the
specific detection of SFN had been
identified.

Phosphorylation of neurofilament heavy
chain (pNF-H) is crucial to axonal
function and structure, and pNF-H could
be released into blood during axonal
damage. Axonal damage is considered to
be indicative of early-stage SFN.

We hypothesize that pNF-H is closely
related to SFN.

Our study selected patients with impaired
glucose tolerance (IGT) as research
subjects. The neurological complications
of such patients have previously received
little attention from researchers.

Our study demonstrated the general
characteristics, biochemistry, autonomic
nerve function, neurophysiology, and
thermal thresholds of prediabetic patients
with SFN.

Our study revealed a close relationship
between pNF-H and SFN.

.

INTRODUCTION

Up to 50% of all diabetic patients experience
neurological complications, although nearly
half of those are asymptomatic [1, 2]. Diabetic
peripheral neuropathy (DPN) is the most com-
mon complication. DPN is a gradually progres-
sive neuropathy with a silent onset, and is often
not diagnosed by specialists until it is well
advanced. Small and large fiber nerves may be
involved in DPN. Large fiber nerve damage is
associated with paresthesia, sensory loss, and
muscle weakness, while small fiber nerve dam-
age often causes pain, anesthesia, foot ulcers,
and autonomic symptoms [3]. Research indi-
cates that DPN, including small fiber neuropa-
thy (SFN) [4], may occur in patients with
impaired glucose tolerance (IGT) [5, 6]. Abnor-
malities in the structure and function of small
fiber nerves precede those in large fiber nerves
in diabetes [7]. SFN may be considered the
‘microalbuminuric’ equivalent of diabetic sen-
sorimotor neuropathy (DSPN) [7]. Early recog-
nition of SFN facilitates early treatment and
delays the progression of DPN.

Neurofilaments (NFs) are important skeletal
proteins that are exclusively expressed in axons
and play an essential role in maintaining neu-
ronal tensile strength and the integrity of
axons. NF-H, a heavy chain of three NF sub-
units, contributes to the formation of cross
bridges and interactions with microtubules,
microfilaments, etc. Phosphorylation of NFs can
influence functional status. Phosphorylation of
NF-H is essential for regulating axonal caliber
and interfilament spacing, and it mediates
interactions with microtubules and other
structural elements. Compared to other NFs,
phosphorylated neurofilament heavy chain
(pNF-H) is more stable in the blood and less
likely to be degraded, so it can be easily and
consistently detected in the laboratory setting.
pNF-H was proposed as a potential biomarker of
DPN in a cross-sectional study [8]. Evidence
indicates a close relationship between SFN and
axonal damage [9, 10]. Axonal damage is con-
sidered indicative of early-stage SFN [11]. Elec-
trically stimulated axon reflexes that may
indicate dysfunction in cutaneous C fibers are
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diminished in SFN. Small nerve fibers are
unmyelinated or thinly myelinated fibers that
are more likely to be affected by the surround-
ing environment. As NFs are major elements of
the axon, we hypothesized that NF subunits,
especially pNF-H, could be released into the
blood during axonal damage. This study inves-
tigated whether pNF-H is an indicator of early-
stage SFN in prediabetic IGT patients.

METHODS

Study Population and Design

This study was conducted at the Tianjin Medical
University Metabolic Diseases Hospital and the
Tianjin Institute of Endocrinology (Tianjin,
China) from June 2017 to September 2018. This
research was conducted in accordance with the
Declaration of Helsinki. The study protocol was
approved by the Ethics Committee of Tianjin
Medical University Metabolic Diseases Hospital.
All study participants provided informed con-
sent. The study included 44 IGT patients (in-
patients and outpatients) who were selected at
random. A total of 33 normal subjects (healthy
volunteers) were recruited to form the control
(CTRL) group. IGT was diagnosed according to
the standards defined by the American Diabetes
Association (ADA) in 2012. All study partici-
pants were between 18 and 75 years of age.
Exclusion criteria included a previous diagnosis
of or treatment for DPN, sequelae of cerebral
infarction, Alzheimer’s disease, Parkinson’s dis-
ease, peripheral vascular disease, an active foot
ulcer, renal dysfunction (glomerular filtration
rate, GFR\60 mL/min/1.73 m2), secondary
causes of DPN (including lumbar disease and
alcoholic polyneuropathy), or the use of drugs
that could affect sweat gland activity.

Patient Clinical Characteristics

The clinical characteristics, personal histories,
and physical characteristics of the patients were
recorded. Pinprick, temperature, vibration per-
ception, pressure sensation, and ankle reflex
tests were applied. The appearance of the feet

and any symptoms (including burning, numb-
ness, tingling, fatigue, cramping, or pain in the
legs) were recorded. The Michigan Neuropathy
Screening Instrument (MNSI; parts A and B) [12]
and the Toronto Clinical Neuropathy Score
(TCNS) were used to evaluate DPN.

Quantitative Sensory Testing (QST)

All subjects were trained in the QST procedure.
A thermal sensory analyzer (TSA-2001; Medoc,
Ramat Yishai, Israel) was used to determine
warm and cool sensation thresholds as well as
heat pain and cold pain thresholds using the
limits method (increase the temperature in
1 �C/s increments starting at 32 �C, repeat four
times to assess warm and cool sensation
thresholds, and repeat three times to assess heat
pain and cold pain thresholds). Normal
thresholds were defined according to the age-
and sex-matched normative values obtained in
our hospital. Sensory abnormality was defined
as a response outside the normal range for at
least two (both feet) of the four thermal sensa-
tion/pain thresholds.

Electromyography (EMG)

All nerve stimulation, including stimulation of
the common peroneal and tibial motor nerves
and stimulationof theperoneal and sural sensory
nerves in both limbs, was performed with an
EMG instrument (NDI-094C; Shanghai Haishen
Medical Electronic Instrument Co. Ltd., Shang-
hai, China). Abnormalities were defined as
observed values that exceeded the reference
ranges established in our laboratory. All study
participants were also tested using the NC-stat
DPNCheck device (NeuroMetrix Inc., Waltham,
MA, USA). An abnormal nerve conduction
velocity (NCV)was considered indicative of large
fiber neuropathy; all such cases were excluded.

Sudoscan Results

Tests were performed on all participants using a
Sudoscan device (Impeto Medical, Paris,
France). Electrochemical skin conductance
(ESC) values were recorded while a low-voltage
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(\4V) electrical current was applied. The mean
of the left and right ESC values was used in the
statistical analysis.

Diagnosis of SFN

SFN was diagnosed according to the Diabetic
Neuropathy Study Group of the EASD (NEU-
RODIAB) guidelines and the modified Toronto
Diabetic Neuropathy Expert Group consensus
[13]. SFN was defined as the presence of length-
dependent symptoms, clinical signs of small
fiber damage [spontaneous pain (burning,
sharp), evoked pain (allodynia, hyperalgesia),
pruritus (alloknesis, hypernesis), paraesthesias,
dysesthesias, and hypoesthesia (thermal and
pinprick)], a normal sural nerve conduction
(NC) study, and abnormal QST thermal thresh-
olds in the dorsal part of the foot.

Laboratory Parameters and pNF-H
Measurements

Blood samples were collected from all partici-
pants after overnight fasting. Fasting plasma
glucose (FPG) and postprandial 2h plasma glu-
cose (2hPG), total cholesterol (TC), triglyceride
(TG), high-density lipoprotein cholesterol
(HDL-c), low-density lipoprotein cholesterol
(LDL-c), blood urea nitrogen (BUN), serum cre-
atinine (Cr), and urinary creatinine concentra-
tion were analyzed using an automatic analyzer
(model 7600; Hitachi, Tokyo, Japan) using an
enzymatic assay. Glycosylated hemoglobin
(HbA1c) was evaluated by high-pressure liquid
chromatography (HLC-723G7; Tosoh Corpora-
tion, Tokyo, Japan). The urinary albumin/crea-
tinine ratio (ACR) was calculated as the albumin
level (mg) divided by the creatinine level (g).
Serum pNF-H levels were analyzed using an
ELISA kit (Human Phosphorylated Neurofila-
ment H; BioVendor, Modrice, Czech Republic).

Statistical Analysis

Statistical analyses were performed using the
SPSS software (version 24.0; SPSS Inc., Chicago,
IL, USA). Normally distributed continuous vari-
ables are expressed in this work as mean

(standard deviation); non-normally distributed
variables are presented as median (25%, 75%
quartiles). One-way ANOVA with Student–New-
man–Keuls (SNK) post hoc testing was used to
assess the quantitative data. Correlations
between variables were estimated by Spearman’s
correlation analysis. A two-tailed p value\0.05
was considered to indicate statistical signifi-
cance. Binary logistic regression using the for-
ward stepwise method was performed to analyze
independent related factors. All variables inclu-
ded in the regression were significant (p\ 0.05)
or showed a trend toward significance (p\0.10).

RESULTS

General Clinical Characteristics

Among 61 IGT patients, 17 were excluded due
to large fiber neuropathy. A total of 24 partici-
pants were diagnosed with SFN (not combined
with large fiber neuropathy) according to the
diagnostic criteria mentioned above (Table 1).
No statistical difference was observed among
the CTRL, IGT-non-SFN, and IGT-SFN groups in
gender, BMI, waist-to-hip ratio (WHR), TG, TC,
LDL-c, HDL-c, Cr, BUN, or ACR. The average age
of the IGT-SFN group was higher than those of
the other groups. HbA1c, FPG, and 2hPG were
significantly higher in the IGT-SFN group than
in the CTRL and IGT-non-SFN groups. There
was a significant difference in 2hPG between
the IGT-SFN and CTRL groups (Table 2).

The IGT-SFN group had a significantly
higher warm sensation threshold and signifi-
cantly lower cool and cold pain thresholds than
the CTRL group (p\ 0.05), as well as a signifi-
cantly higher warm sensation threshold than
the IGT-non-SFN group. No significant differ-
ence in heat pain threshold was observed
among the three groups (Table 3).

Serum pNF-H (170.6 (140.0, 223.6) pg/ml)
levels were significantly elevated in the IGT-SFN
group (p\0.0001). No significant difference
was observed between the CTRL group
(76.55 ± 28.08 pg/ml) and IGT-non-SFN group
(64.7 ± 18.73 pg/ml) (Fig. 1).

There was no significant difference among
the three groups in the SNCVs of the sural,
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common peroneal, and posterior tibial (distal
and proximal) nerves. The sensory nerve action
potential (SNAP) of the sural nerve was signifi-
cantly lower in the IGT-SFN group than in the
CTRL and IGT-non-SFN groups (Table 4).

The average ESC (feet and hands) was sig-
nificantly lower in the SFN group than in the
CTRL and IGT-non-SFN groups (p\0.05). The
average ESC (feet and hands) in the IGT-non-
SFN group was lower than that in the CTRL
group, but not significantly so (Table 5).

Correlation analysis

Spearman correlation analysis indicated that
the 2hPG, MNSI A, MNSI B, TCNS, and FPG
levels/scores were significantly and positively

correlated with the pNF-H level (p\0.05). Also,
the HDL-c level, posterior tibial nerve sensory
nerve conduction velocity (SNCV) (distal), sural
nerve SNAP, ESC (feet), and ESC (hands) were
significantly and negatively correlated with the
pNF-H level (p\ 0.05) (Table 6).

Spearman correlation analysis indicated that
age, FPG, 2hPG, HbA1c, MNSI A, MNSI B, TCNS,
and pNF-H levels/scores were significantly and
positively correlated with SFN in IGT patients
(p\ 0.05). Also, TC and sural nerve SNAP were
significantly and negatively correlated with SFN
in IGT patients (p\0.05) (Table 7).

After adjusting for age, BMI, HbA1c, FPG,
MNSI A, MNSI B, TCNS, and sural nerve SNAP,
logistical regression analysis indicated that pNF-
H (OR 1.029, 95% CI 1.005, 1.054; p = 0.016)

Table 1 Inclusion and exclusion criteria for study participants

DPN including lumbar disease and 
alcoholic polyneuropathy, or use of 
drugs that could affect sweat gland 
activity.

B:

IGT 

SFN Non-SFN

presence of length-dependent 

symptoms, clinical signs

normal sural nerve conduction

abnormal QST thermal 

thresholds 

abnormal sural nerve conduction

a symptom or symptoms or a 

sign or signs of neuropathy

large fiber neuropathy

no presence of

length-dependent symptoms, 

clinical signs

normal sural nerve conduction

normal QST thermal 

thresholds

excluded

A:

IGT patients and normal subjects. All 
study participants were between 18 and
75 years of age.
normal sural nerve conduction.

Sequelae of cerebral infarction, 
Alzheimer s disease, Parkinson s 
disease, peripheral vascular disease, an 
active foot ulcer, renal dysfunction 
(glomerular filtration rate [GFR] < 60 
mL/min/1.73m2), secondary causes of 
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Table 3 Quantitative sensory testing in control subjects and IGT patients with and without SFN

Parameter CTRL (N = 33) IGT (N = 44) p value

Non-SFN control (24) SFN (20)

Cool threshold (�C) 25.64 ± 2.96 25.04 ± 3.17 24.31 (22.22, 26.83)* 0.044

Warm threshold (�C) 39.66 ± 2.89 40.99 ± 3.08* 41.55 ± 3.13* 0.004

Cold pain threshold (�C) 21.23 (12.38, 25.42) 20.22 (12.08, 26.65) 15.96 (8.51, 21.79)* 0.030

Heat pain threshold (�C) 44.62 ± 3.38 45.57 ± 3.0 46.1 ± 3.30 0.056

*p\ 0.05 compared to CTRL
#p\ 0.05 compared to IGT-non-SFN

Table 2 Basic demographic and clinical data for the three groups

Parameter CTRL (N = 33) IGT (N = 44) p value

Non-SFN control SFN

N 33 20 24

M/F 10/23 9/11 11/23 0.521

Age (years) 50.5 ± 8.7 53.6 ± 7.8 57.7 ± 8.8* 0.010

BMI (kg/m2) 23.9 ± 2.7 25.22 ± 2.53 25.13 ± 3.49 0.175

WHR 0.87 ± 0.07 0.9 ± 0.07 0.9 ± 0.08 0.125

HbA1c (%) 5.61 ± 0.3 5.98 ± 0.39* 5.93 ± 0.39* 0.002

FPG (mmol/l) 5.02 ± 0.32 5.92 ± 0.53* 5.89 ± 0.53* \ 0.001

2hPG (mmol/l) 6.02 ± 1.11 8.87 ± 0.75* 9.52 ± 0.92*# \ 0.001

TG (mmol/l) 1.52 ± 0.57 1.62 ± 0.45 1.60 ± 0.99 0.881

TC (mmol/l) 5.59 ± 0.73 5.15 ± 1.01 5.00 ± 0.99 0.070

HDL-c (mmol/l) 1.58 ± 0.45 1.51 ± 0.35 1.39 ± 0.31 0.230

LDL-c (mmol/l) 3.56 ± 0.66 3.11 ± 0.88 3.10 ± 0.96 0.134

Cr (mmol/l) 71.47 ± 15.25 69.25 ± 10.90 70.24 ± 17.3 0.883

BUN (mmol/l) 5.04 ± 1.49 5.56 ± 0.58 5.68 ± 1.13 0.132

ACR (mg/mmol) 0.76 (0.49, 1.50) 1.12 ± 0.68 0.71 (0.57, 1.88) 0.891

Continuous, normally distributed variables are expressed as means ± SD and non-normally distributed variables are
expressed as medians (25% and 75% quartiles)
M male, F female, BMI body mass index, WHR waist-to-hip ratio, HbA1c hemoglobin A1c, FPG fasting plasma glucose,
2hPG 2h postprandial plasma glucose, TG triglycerides, TC total cholesterol, HDL-c HDL cholesterol, LDL-c LDL
cholesterol, Cr creatinine, BUN blood urea nitrogen, ACR urinary albumin to urinary creatinine ratio
*p\0.05 compared to CTRL, #p\ 0.05 compared to IGT, based on one-way ANOVA with SNK analysis, Kruskal–Wallis
H test or v2 test, as appropriate
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and 2hPG (OR 2.375, 95% CI 1.157, 4.873;
p = 0.018) were correlated independently with
SFN in the IGT patients (Table 8).

DISCUSSION

SFN is considered an early stage of DPN. SFN can
be missed by physicians because of its insidious
onset and difficult detection [14]. In IGT
patients, SFN accounts for 42.3% of all

peripheral neuropathy cases, while LFN
accounts for 15.3% [4, 15]. Early identification
of risk factors and specific biological markers is
critical for the prevention and treatment of
DPN.

Diabetic neuropathy has been linked to age
and long-term hyperglycemia [16, 17], and
postprandial blood glucose in particular [18]. In
our study, HbA1c, FPG, and 2hPG were elevated
in the IGT-SFN group, indicating that SFN is
linked to blood glucose, even in prediabetes.
QST did not reveal a significant difference in
thermal thresholds between the IGT-SFN and
IGT-non-SFN groups, but the IGT-SFN group
had significantly higher thresholds than the
CTRL group. Hyperglycemia may induce dys-
function of unmyelinated or thinly myelinated
nerve fibers. Participants with length-depen-
dent neurological signs and more severe ther-
mal sensory abnormalities (as seen in our IGT-
SFN group) may suffer from more serious small
fiber damage.

The Sudoscan results obtained in this study
were similar to those attained with QST. There
was no significant difference in mean ESC
between the IGT-SFN and IGT-non-SFN groups.
The mean ESC of the IGT-SFN group was sig-
nificantly lower than that of the CTRL group. A
possible explanation for this may be that many

Fig. 1 Serum pNF-H levels in the CTRL, IGT-non-SFN,
and IGT-SFN groups

Table 4 EMG parameters in healthy subjects and IGT patients with and without SFN

Parameter CTRL (N = 33) IGT (N = 44) p value

Non-SFN control SFN

N 33 20 24

Sural nerve SNCV (m/s) 54.98 ± 4.21 55.11 ± 5.85 53.91 ± 5.20 0.464

Sural nerve SNAP (lV) 15.18 ± 6.60 17.45 ± 7.56 12.39 ± 5.11*# 0.004

Common peroneal nerve MNCV 54.12 ± 6.86 52.94 ± 6.02 55.58 ± 8.38 0.242

Posterior tibial nerve MNCV 51.03 ± 4.75 50.53 ± 4.62 52.52 ± 7.45 0.264

Posterior tibial nerve SNCV (distal) 42.45 ± 4.87 40.89 ± 8.13 42.86 ± 5.74 0.337

Posterior tibial nerve SNCV (proximal) 55.38 ± 5.65 58.48 ± 7.23 56.58 ± 7.30 0.132

Common peroneal nerve SNCV 62.05 ± 8.92 59.94 ± 9.74 60.67 ± 10.07 0.618

SNCV sensory nerve conduction velocity, MNCV motor nerve conduction velocity, SNAP sensory nerve action potential
*p\ 0.05 compared to CTRL
#p\ 0.05 compared to IGT-non-SFN
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IGT patients with SFN do not experience auto-
nomic neuropathy. A cross-sectional study of
IGT subjects indicated that only 16% showed a
loss of palmar sympathetic skin response, which
indicates autonomic abnormality [19].

Axonal dysfunction can be discerned by
analyzing the SNAP [20, 21]. Our neuroelectro-
physiological results indicated that the SNAP of

the sural nerve in the IGT-SFN group was sta-
tistically significantly lower than those of the
other two groups, while there was no significant
difference in NCV. This indicates that nerve
injury during the early stage of IGT may be
relatively mild and might only affect the distal
sensory nerve, thus reinforcing the need to
detect SFN early in IGT patients.

The levels of NSE [22], CysC [23], and TNF-a
[24] are reported to be positively correlated with
DPN. Many conditions and diseases (such as
tumors, diabetic nephrology, and inflammatory

Table 5 Sudomotor function in healthy subjects and IGT patients with and without SFN

Parameter CTRL (N = 33) IGT (N = 44) p value

Non-SFN control SFN

Feet ESC (lS) 76.79 ± 6.63 71.21 ± 10.28 69.78 ± 14.03* 0.032

Hand ESC (lS) 79.30 ± 6.15 76.58 ± 7.74 70.61 ± 14.66* 0.007

ESC electrochemical skin conductance
*p\ 0.05 compared to CTRL
#p\ 0.05 compared to IGT-non-SFN

Table 6 Spearman correlation analysis of pNF-H and
clinical characteristics of the patients

Parameter R p

2hPG 0.405** \ 0.001

MNSI A 0.380** 0.001

MNSI B 0.433** \ 0.001

TCNS 0.495** \ 0.001

HDL-c - 0.267* 0.021

FPG 0.229* 0.047

Posterior tibial nerve SNCV (distal)

(m/s)

- 0.233* 0.049

Sural nerve SNAP (lV) - 0.330* 0.009

ESC (feet) (lS) - 0.314** 0.006

ESC (hands) (lS) - 0.352** 0.002

FPG fasting plasma glucose, 2hPG 2h postprandial plasma
glucose, TG triglycerides, TC total cholesterol, HDL-c
HDL cholesterol, ESC electrochemical skin conductance,
SNCV sensory nerve conduction velocity, SNAP sensory
nerve action potential, MNSI A,B Michigan Neuropathy
Screening Instrument (parts A and B), TCNS Toronto
Clinical Neuropathy Score
*p\ 0.05
**p\ 0.01

Table 7 Spearman correlation analysis of SFN and clinical
characteristics of the patients

Parameter R p

Age 0.328** 0.004

2hPG 0.592** \ 0.001

FPG 0.416** \ 0.001

HbA1c 0.233* 0.043

MNSI A 0.290* 0.017

MNSI B 0.473** \ 0.001

TCNS 0.695** \ 0.001

TC - 0.266* 0.020

Sural nerve SNAP (uV) - 0.300* 0.011

pNF-H 0.576** \ 0.001

HbA1c hemoglobin A1c, FPG fasting plasma glucose,
2hPG 2h postprandial plasma glucose, TC total choles-
terol, SNAP sensory nerve action potential, MNSI A,B
Michigan Neuropathy Screening Instrument (parts A and
B), TCNS Toronto Clinical Neuropathy Score
*p\ 0.05
**p\ 0.01
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diseases) can affect the serum levels of these
markers, and may also overlap with DPN. None
of the biomarkers listed above are related to
nerve structure.

Previous studies have shown that NF, one of
the major axonal cytoskeletal proteins, is asso-
ciated with nervous system injury [25–27]. In
diabetic patients, a possible explanation for
nerve injury may be impaired axonal fuction
and nerve regeneration due to the accumula-
tion of advanced glycation end products [28].
Xiaona’s study [8] demonstrated higher serum
pNF-H levels in patients with DPN, and that
pNF-H was independently associated with DPN
after adjusting for age, sex, duration, ACR, etc.,
but that study did not consider the association
of pNF-H with small fiber neuropathy (the early
stage of DPN).

Our study demonstrates that pNF-H levels in
the IGT-SFN group were significantly higher
than those in the CTRL and IGT-non-SFN
groups. pNF-H may therefore be a sensitive
indicator of SFN in IGT patients. The reason for
elevated pNF-H in IGT patients is, however,
unclear. Reduced expression and transportation
of NFs in distal axons is one of the principal
causes of axonal degeneration [29, 30]. Animal
studies have demonstrated that, in STZ-induced
diabetic rat models, a reduction in NFs in
peripheral axons is associated with reduced
myelinated nerve fiber size [31]. Small fiber
nerves are unmyelinated or thinly myelinated,
and are easily damaged under hyperglycemic
conditions and by inflammatory factors. This
may explain the elevated pNF-H seen in our SFN
patients.

The correlations of neuropathy assessment
measures (MNSI A, MNSI B, TCNS) with SFN

observed in this study indicate that length-de-
pendent symptoms and signs are features of
SFN. The negative correlation between TC and
SFN indicates that TC may protect against SFN.
Appropriate cholesterol levels promote the for-
mation of nerve fibers and help maintain the
function of neurons [32, 33].

2hPG was an independent predictor of SFN
in this study. Kannan found that 2hPG was an
independent risk factor for sensory nerve dys-
function, which is in good accord with the
results of this study [34].

As it is a cross-sectional study, this study
could not determine the cause and effect rela-
tionship between elevated pNF-H and SFN.
Also, the study sample was relatively small due
to poor compliance of the IGT patients and the
complexity of the tests. A prospective trial
including a larger population is planned to
investigate the influence of additional factors
on SFN, and to study the efficacy of early
intervention in the treatment of SFN patients.

CONCLUSION

Our study revealed that serum pNF-H may be
associated with SFN in IGT patients, even after
adjusting for age, BMI, HbA1c, FPG, MNSI A,
MNSI B, TCNS, and sural nerve SNAP. Serum
pNF-H may therefore be a potential biomarker
for the detection of SFN.

The major limitation of the present study is
the small number of participants. Another lim-
itation is that it is a cross-sectional study,
meaning that it could not be used to determine
the cause and effect relationship between ele-
vated pNF-H and SFN. We expect that the
results of our planned prospective study, which

Table 8 Multiple regression analysis of the relationship between pNF-H and SFN

Parameter B S.E. Wals Df Sig. OR OR (95% CI)

Lower Upper

pNF-H 0.029 0.012 5.853 1 0.016 1.429 1.315 1.924

2hPG 0.865 0.367 5.562 1 0.018 2.375 1.157 4.873

Constant - 11.333 3.732 9.223 1 0.002 0.000

2hPG 2h postprandial plasma glucose, pNF-H phosphorylated neurofilament heavy chain, B regression coefficient b, SE
standard error, Wals Wald Chi-Square test, DF degree of freedom, Sig Significance
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will include a larger population, will support
the results of the present study.
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