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Abstract
Background:Diabetic peripheral neuropathy (DPN) is one of the most common chronic complications of diabetes. As apelin is an
adipocytokine closely associated with diabetes, this study explored the clinical significance of serum apelin levels in patients with type
2 DPN before and after treatment.

Methods: In total, 44 patients with T2DM without DPN (non-DPN group), 41 patients with DPN who received antihyperglycemic
treatment (DPN-A group), 44 patients with DPN who received antihyperglycemic treatment combined with nutritional neurotherapy
(DPN-B group), and 40 healthy control individuals (NC group) were selected continuously enrolled in the present study. Enzyme-
linked immunosorbent assays (ELISA) were performed to determine serum levels of apelin and tumor necrosis factor-a (TNF-a).
Related apelin, fasting blood glucose (FBG), glycosylated hemoglobin A1c, TNF-a, body mass index, fasting C peptide, and nerve
conduction velocity (NCV) were recorded in each group before and after treatment.

Results: Serum levels of apelin and TNF-a were higher in patients with diabetes than those in the NC group, as well as in the DPN
group as compared to the non-DPN group; furthermore, some NCV values were significantly reduced in the DPN group. After
treatment, the serum levels of apelin, TNF-a, and FBG reduced in patients with diabetes; moreover, apelin levels were found
significantly lower in the DPN-B group as compared to the DPN-A group, while someNCV values significantly increased in the DPN-B
group. Apelin was negatively correlated with part of NCV values and positively correlated with TNF-a and FBG (P< .01).

Conclusion: Our results show that the increase in serum apelin levels is an important clinical reference index for DPN, while a
decrease indicates that the DPN treatment is effective.

Abbreviations: BMI = body mass index, DPN = diabetic peripheral neuropathy, DPN group = patients with DPN, FBG = fasting
blood glucose, FCP = fasting C peptide, HbA1c = glycosylated hemoglobin A1c, NC group = healthy people, NCV = nerve
conduction velocity, non-DPN group = patients with T2DM without DPN, T2DM = type 2 diabetes mellitus, TNF-a = tumor necrosis
factor-a.
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1. Introduction

Diabetic peripheral neuropathy (DPN) is the most neglected
complication that can occur in different developmental stages of
diabetes. Early DPN predominantly manifests with symptoms of
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sensory nerve involvement, including limb numbness, pain, and
paresthesia, and gradually involves motor and autonomic nerves.
This can further cause aweakening and even disappearance of the
pain and temperature sensations, as well as a loss of vibratory
sensation and tendon reflex function in patients.[1] Approxi-
ology Project (No. 2017-1-12), Jinan Science and Technology Innovation
(No. 202019083).
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mately 10% to 20% of patients with type 2 diabetes present with
diabetic neuropathy at the initial diagnosis and more than 50%
of DPN patients demonstrate no typical clinical symptoms. A
previous study has shown that approximately three-quarters of
elderly patients are unaware of the presence of DPN.[2] Another
study has reported that painless and painful DPN were mainly
undiagnosed in 81.9% and 57.0% of the subjects with T2DM,
respectively.[3] Owing to the insidious onset, and complex
etiology, diagnosis of DPN is frequently delayed. DPN is derived
not only from hyperglycemia, but can also be attributed to aging,
hyperlipidemia, hypertension, and obesity. DPN is easily ignored
or misdiagnosed, resulting in foot ulcers, gangrene of the lower
limbs, and even amputation, highlighting the severe morbidity,
mortality, and significant cost associated with this condition.[4–7]

Therefore, it is particularly important to accurately predict the
diagnosis and development of DPN at earlier stages.
Apelin, a bioactive peptide extracted from the bovine stomach

in 1998, is mainly involved in various physiological processes
occurring in multiple organs.[8–11] Apelin has been widely
described as a beneficial adipocytokine with antidiabetic
properties. Several studies have shown that apelin can improve
insulin resistance (IR), inhibit arterial atherosclerosis (AS), and
improve peripheral vascular perfusion and vascular function in
the diabetic foot.[12–17] Increasing evidence has also confirmed
that apelin is a promising new therapeutic target in diabetes.[18]

Furthermore, apelin is widely present in neuronal cell bodies and
fibers throughout the nerve axis.[15] However, studies investigat-
ing apelin and peripheral neuropathy are limited. Therefore, in
the present study, we aimed to explore the relationship between
apelin and DPN before and after treatment, which could result in
the development of new therapeutic targets.
2. Methods

2.1. Participants

This research was approved by the Ethics Committee of the Fifth
People’s Hospital of Jinan, with informed consent obtained from
all participants. In total, 85 patients with type 2 diabetes mellitus
(T2DM) and DPN (DPN group) who were admitted to the
Department of Endocrinology of Jinan Fifth People’s Hospital
(Jinan, China), 44 T2DM subjects without DPN (non-DPN
group), and 40 healthy subjects in the control group (NC group)
were continuously selected fromMarch 2018 to May 2019. The
DPN group was composed of 44 males and 41 females, with an
average age of 56.17±6.28years, and the mean duration of
disease was 7.34±1.99years. The non-DPN group was
composed of 24 males and 20 females, with an average age of
54.07±7.76years, and the mean duration of the disease was
5.33±1.79years. The healthy control groupwas composed of 22
males and 18 females, all of who were selected for study
participation at the examination center; their mean age was
53.98±5.50years. There were was no statistical significance in
the sex and age among groups (P> .05). The treatment was
discontinued when severe adverse reactions appeared during the
study.
2.2. Selection criteria

The selection criteria were in line with the 1999 World Health
Organization diagnostic criteria for T2DM. The inclusion criteria
were as follows:
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1.
 Fasting blood glucose (FBG) of 8 to 12.0mmol/L, with
glycosylated hemoglobin A1c (HbA1c) ranging between 7%
and 10%;
2.
 Autoantibodies associated with diabetes, including islet cell
antibodies (ICAs), insulin autoantibodies (IAAs), and gluta-
mate decarboxylase antibodies (GADAs) were all negative;
3.
 The diagnostic criteria for DPN included changes in clinical
symptoms and the results of the electromyography;[19,20]

2.3. Exclusion criteria

Subjects who met one of the following conditions were excluded:
1.
 Patients with renal failure or abnormal liver, cardiac, or lung
functions. The criteria for liver and kidney failure are that the
values of transaminase and creatinine levels that exceeded the
normal upper limit by 2.5 times; abnormal cardiac function
was defined as brain natriuretic peptide (BNP) values that
exceeded the normal upper limit by 2.5 times; normal lung
function was defined as the absence of ventilatory disorders;
2.
 Pregnant women or breast-feeding patients;

3.
 Patients with type 1 diabetes, malignant tumors, cerebral

infarction, or Guillain-Barre syndrome;

4.
 Patients who presented with long-term heavy drinking or drug

exposure, which may cause peripheral nerve damage. Long-
term heavy drinking is defined as an average daily alcohol
intake greater than or equal to 40 g for men and greater than
or equal to 20 g for women, for 5 consecutive years.[21]

2.4. Treatment methods

All patients received an insulin pump (S20153001, Medtronic,
Minnesota, USA) for continuous hypodermic insulin aspart (No.
2017104592, Novo Nordisk PharmaCo., Ltd., Beijing, China) to
reduce blood glucose. Each group reduced blood pressure and
regulated blood lipid levels through regular exercise and diet
management. Patients with hyperglycemia were treated with
insulin therapy, while those with hypertension and dyslipidemia
received antihypertensive and lipid-lowering treatment to adjust
the FBG to �7.0mmol/L, the postprandial 2hours plasma
glucose (2hPG) to �10.0mmol/L, blood pressure (BP) to �140/
90mm Hg, total plasma cholesterol (TC) to <4.5mmol/L, low-
density lipoprotein cholesterol (LDL-c) to <2.6mmol/L, and
triglycerides (Tg) to <1.7mmol/L. To avoid the influence of
blood lipids and BP on study results, patients were required to
achieve the therapeutic goal of blood lipids and BP within the
normal range before enrolment. A randomization procedure was
used to select the gender of male or female. We collected subjects
with an age range between 40 and 75years old, with no statistical
differences in age and sex observed between the NC, non-DPN
and DPN groups.
The DPN group was divided into the DPN-A group and the

DPN-B group by employing the random number table method.
TheDPN-A groupwas treatedwith antihyperglycemic treatment.
The DPN-B group received antihyperglycemic treatment and
nutritional neurotherapy, composed of 0.5mg intramuscular
methylcobalamin (Sinopec H20058993, Nanjing Hailing Phar-
maceutical Co., Ltd., Jiangsu, China) and intravenous lipoic acid
(Sinopec H20066706, Jiangsu Shenlong Co., Ltd., Jiangsu,
China) in 250mL of sodium chloride, administered separately,
once daily for 2 weeks. No serious adverse events were observed.
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Only 2 patients dropped out of the DPN-B group; 1 patient
experienced an allergic reaction to lipoic acid, and another
presented with pneumonia while under treatment.
2.5. Observational indexes

Height and weight were recorded and body mass index (BMI)
was calculated. An automatic biochemical analyzer (Siemens,
Munich, Germany) was used to detect FBG and blood lipids;
HbA1c was determined by high-performance liquid chromatog-
raphy using an HA-8160 automatic glycated hemoglobin
analyzer (ARKRAY, Kyoto, Japan); Fasting C peptide (FCP)
and diabetic antibodies (GADAs, ICAs, IAAs) were measured
with a chemiluminescence method (Shenzhen New Industry
Biomedical Engineering Co., Ltd., Guangdong, China). The
serum of the subjects was collected and stored in a refrigerator
(�70°C) for testing. Serum levels of apelin and TNF-a were
detected by ELISA (Wuhan Huamei Biological Engineering Co.,
Ltd., Hubei, China). The symptoms and physical examination of
the patients with DPN before and after treatment were
evaluated.
2.6. Electromyography

All patients underwent Keypoint electromyography before and 1
day after treatment (model 9033A07, Dantec Company,
Copenhagen, Denmark). Any source of interference should be
avoided, and a quiet environment should be maintained during
recording. The room temperature was controlled at 18°C to
�25°C, and the skin temperature was maintained between 28°C
and �32°C. The sensory conduction velocity (SCV) of the sural
and ulnar nerve, and motor conduction velocity (MCV) of the
ulnar nerve and common peroneal nerves were measured. The
normal value of nerve conduction velocity (NCV) is based on the
data provided by the reference standard.[22] If the value exceeds
2.5 standard deviations of the normal value, it is judged as
abnormal. DPN is diagnosed when 2 or more abnormal NCV
values are recorded.
Table 1

Comparison of observation indexes of each group before treatment.

NC (n=40) (mean±SD) non-DPN(n=44)

Age (yrs) 53.98±5.50 54.07±
Gender (Male/Female) 22/18 24/20
Course of disease (years) / 5.33±1
SBP (mm Hg) 127.98±7.84 128.36±
DBP (mm Hg) 75.18±6.64 76.43±
TC (mmol/L) 3.81±1.50 3.65±1
LDL-C (mmol/L) 2.05±0.61 2.11±0
TG (mmol/L) 1.20±0.25 1.23±0
sCr (umol/l) 71.93±14.77 71.59±1
BMI (kg/m2) 22.64±1.99 24.33±2
FBG (mmol/) 5.41±0.79 8.46±1
2hPG (mmol/) 7.13±1.28 11.41±1
FCP (ng/ml) 2.40±0.41 2.31±0
HbA1c (%) 5.17±0.90 8.03±1
apelin (ng/l) 348.36±40.34 379.40±3
TNF-a (pg/l) 10.13±3.56 12.83±2

#P< .05 VS NC group, DP< .05 VS non-DPN group.
NC group = healthy people, non-DPN group = patients of T2DM without DPN, DPN group = patients wit
pressure; FBG = fasting blood glucose; FCP = fasting C peptide; HbA1c = glycosylated hemoglobin A1c; L
= total cholesterol; TG = triglyceride; TNF-a = tumor necrosis factor-a.
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2.7. Statistical analyses

Experimental data were analyzed using Statistical Package for the
Social Sciences (SPSS) 22.0 (IBMCorp.,Armonk,NY).Quantitative
data were expressed as mean ± standard deviation, and sample
comparisons between the 3 groups were performed using one-way
ANOVAorKruskal–Wallistest,andBonferronicorrectionwasused.
Student t test was used to analyze the sample mean. We used paired
sample T before and after treatment. The relationships between
continuous quantitative variables were determined by Pearson
correlation analysis. P< .05 was considered statistically significant.
3. Results

3.1. Comparison of general data of 3 groups

No significant differences were observed in the general data,
including age, sex, BP, serum creatinine, and blood lipids, among
groups (P> .05; Table 1)
3.2. Comparison of the levels of BMI, serum FBG, 2hPG,
FCP, HbA1C, apelin, and tumor necrosis factor-a (TNF-a)
levels before treatment

The BMI and serum levels of FBG, 2hPG, HbA1C, apelin, and
TNF-a in the DPN and non-DPN groups were significantly
higher than those determined in theNC group (P< .05); however,
the difference between the DPN and non-DPN groups was not
statistically significant (P> .05; Table 1), except for apelin and
TNF-a. Serum levels of apelin and TNF-a were significantly
higher in the DPN group than in the non-DPN group. The FCP
level was significantly lower in the DPN group than in the non-
DPN and NC groups (P< .05; Table 1).
3.3. Comparison of serum levels of FBG, FCP, apelin, and
TNF-a before and after treatment among the 3 groups

The serum levels of FBG, apelin, and TNF-a in the non-DPN,
DPN-A, and DPN-B groups were lower after treatment than
(mean±SD) DPN (n=83) (mean±SD) Value Value

7.76 56.17±6.28 2.252 .108
44/41 0.697 .552

.79 7.34±1.99D 31.19 <.001
9.17 129.82±8.78 0.768 .465
6.38 75.92±7.99 0.314 .731
.71 3.62±1.61 1.447 .238
.53 2.16±0.51 0.661 .573
.23 1.29±0.27 1.886 .155
5.53 71.88±13.11 0.007 .993
.47# 24.68±2.52# 10.198 <.001
.47# 8.88±1.64# 7.453 .001
.86# 11.64±2.12# 8.097 <.001
.49 2.14±0.44#D 5.195 .006
.04# 8.17±1.16# 7.542 .001
8.34# 404.08±50.87#D 20.617 <.001
.96# 15.23±3.89#D 27.847 <.001

h DPN; 2hPG = postprandial 2 hours plasma glucose; BMI = body mass index; DBP =diastolic blood
DL-C = low-density lipoprotein cholesterol; SBP = systolic blood pressure; sCr = serum creatinine; TC

http://www.md-journal.com


Table 2

Comparison of FBG, FCP, Apelin and TNF-a before and after treatment.

groups non-DPN (n=44) (mean±SD) DPN-A (n=41) (mean±SD) DPN-B (n=42) (mean±SD) F value P value

FBG (mmol/L)
Before 8.46±1.47 8.85±1.63 8.91±1.67 1.036 .358
After 6.46±1.35# 6.54±0.7# 6.49±0.91# 0.462 .631

FCP (ng/mL)
Before 2.31±0.49 2.11±0.48

∗
2.18±0.39

∗
3.829 .043

After 2.35±0.41 2.12±0.34 2.32±0.33#D 13.459 < .001
Apelin (ng/L)
before 379.40±38.34 400.88±52.59

∗
407.21±49.57

∗
4.413 .018

after 364.98±35.03# 389.18±47.71# 376.63±43.52#D 3.481 .34
TNF-a (pg/L)
Before 12.83±2.96 14.56±3.57

∗
15.87±4.12

∗
7.872 .001

After 9.96±2.11# 12.10±2.49# 12.66±3.52# 27.348 < .001

#P< .05 VS before treatment,
∗
P< .05 VS non-DPN group before treatment, DP< .05 DPN-B group VS DPN-A group after treatment.

Non-DPN group = patients of T2DM without DPN, DPN-A group = patients with DPN in hypoglycemic treatment, DPN-B group = patients with DPN in hypoglycemic combined with nourishing the nervous
treatment, FBG = fasting blood glucose, FCP = fasting C peptide, TNF-a = tumor necrosis factor-a.

Table 3

Comparison of nerve conduction velocity before and after treatment.

groups non-DPN (n=44) (mean±SD) DPN-A (n=41) (mean±SD) DPN-B (n=42) (mean±SD) F-value P value

Common peroneal nerve MCV (m/s)
Before 49.91±2.35 40.72±2.96

∗
40.62±2.01

∗
273.237 <.001

After 50.03±2.15 42.32±2.84# 44.74±1.67#D 131.951 <.001
Ulnar nerve MCV (m/s)
Before 49.32±2.85 43.29±3.41

∗
42.93±2.21

∗
88.059 <.001

After 49.91±2.93 42.72±3.32 42.99±2.24 152.823 <.001
Sural nerve SCV (m/s)
Before 48.90±2.29 41.44±2.44

∗
40.67±2.38

∗
158.888 <.001

After 49.27±1.83 42.07±1.93# 43.45±2.19#D 138.976 <.001
Ulnar nerve SCV (m/s)
Before 49.73±2.01 42.47±3.96

∗
42.49±2.93

∗
107.12 <.001

After 49.91±2.03 42.18±3.63 45.67±2.01#D 126.493 <.001

#P<0.05 VS the same group before treatment, DP<0.05 DPN-B group VS DPN-A group after treatment,
∗
P<0.05 VS non-DPN group before treatment.

Non-DPN group = patients of T2DM without DPN, DPN-A group = patients with DPN in hypoglycemic treatment, DPN-B group = patients with DPN in hypoglycemic combined with nourishing the nervous
treatment, MCV = motor conduction velocity, SCV = sensory conduction velocity.
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before treatment (P< .05). After treatment, the serum apelin level
in the DPN-B group decreased more significantly (P< .01) and
was significantly lower than that of the DPN-A group (P< .05).
In the DPN-B group, the serum FCP level was significantly higher
after treatment than that before treatment (P< .05; Table 2).
3.4. Comparison of nerve conduction velocity before and
after treatment in DPN-A group, DPN-B group and non-
DPN group

After antihyperglycemic treatment along with neurotherapy, the
MCV of the common peroneal nerve and SCV of sural and ulnar
nerves were significantly increased in the DPN-B group, and were
Table 4

Correlation between apelin and FBG, HbA1c, BMI, TNF-a, FCP befor

BMI TNF-a

Before r p r p
Apelin treatment 0.069 .442 0.181 .041
After treatment – – 0.191 .030

BMI = body mass index, FBG = fasting blood glucose, FCP = fasting C peptide, HbA1c = glycosylate
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significantly higher than those observed in the DPN-A group
(P< .05); however, no significant differences were observed
before and after treatment in the non-DPN group (P> .05). After
treatment, both the MCV of the common peroneal nerve and
SCV of the sural nerve were significantly increased in the DPN-A
group (P< .05; Table 3), with no significant differences observed
in the MCV and SCV of the ulnar nerve (P> .05; Table 3).
3.5. Correlation analysis

Apelin was positively correlated with FBG and TNF-a levels
before and after treatment (P< .05; Table 4). A negative
correlation was observed between apelin and the MCV of the
e and after treatment.

FBG HbA1c FCP

r p r p r p
0.185 .040 0.016 .861 0.018 .838
0.180 .043 – – 0.045 .607

d hemoglobin A1c, TNF-a = tumor necrosis factor-a.



Table 5

Correlation between apelin and nerve conduction velocity (m/s) before and after treatment.

CP-N U-N S-N U-N

MCV (m/s) SCV (m/s)

Apelin r P r P r P r P
Before treatment �0.222 .012 �0.162 .070 �0.254 .004 �0.126 .160
After treatment �0.264 .003 �0.167 .065 �0.301 .001 �0.132 .105

CP-N = common peroneal nerve, MCV = motor conduction velocity, SCV = sensory conduction velocity, S-N = sural nerve, U-N = ulnar nerve.
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common peroneal nerve and the SCV of the sural nerve (P< .05;
Table 5).
4. Discussion

The mechanism underlying DPN could be related to hyperglyce-
mia, accumulation of glycosylated compounds, activation of
protein kinase C activity, enhancement of the polyol pathway
activity, and enhancement of the amino hexose pathway activity.
Metabolic pathways play a significant role in the development of
DPN.[23] And hyperglycemia is the main cause of DPN
progression and mediates oxidative stress-induced cell damage,
which is a unifying factor underlying mechanisms involved in
DPN.[4] Currently, clinical symptoms and electromyography
have been used for diagnosis, and there exist no precise indicators
for evaluating DPN. Therefore, risk prediction factors are a
current hot spot and a key target of ongoing research.
Apelin has recently been identified as a polypeptide hormone

reportedly linked to IR.[13] A previous study showed elevated
apelin levels in patients with T2DM, but it did not refer to the
patients with DPN.[24] Our study shows that the fasting plasma
apelin level of patients with DPN is increased, while the
correlation analysis shows that the apelin level are significantly
correlated with FBG and TNF-a levels.
In this study, we have identified increased serum apelin levels in

DPN patients as compared to healthy controls and non-DPN
groups. This is consistent with a recently published comparative
study evaluating patients with and without DPN.[25] High apelin
levels associated with hyperglycemia in DPN may be due to the
key role of apelin in improving insulin sensitivity[13] and
increasing glucose use.[12] In addition, a correlation between
apelin, endothelial dysfunction and microangiopathy in subjects
with diabetes has been suggested. In fact, a study by Martin et al,
hinted that the common pathophysiology underlying the nervous
system effects of DPN may be associated with microangiop-
athy.[26] Furthermore, there is growing evidence that apelin could
eliminate reactive oxygen species (ROS).[15,27–31] An excess in
ROS production is related to hyperglycemia, leading to oxidative
stress onDPN,which could increase apelin levels, thus preventing
further deterioration of DPN.
Otherwise, we have also found that the serum apelin levels

decreased significantly after antihyperglycemic treatment along
with nutritional neurotherapy than antihyperglycemic therapy.
First, the increased apelin levels were reversed when blood
glucose control was improved and glucotoxicity was relieved in
patients with T2DM.[32,33] Second, apelin expression decreased
further with antioxidant treatment by lipoic acid and methyl-
cobalamin which led to a reduction in the oxidative stress, and
hence, decreasing the damage to the tissue cells. Lipoic acid is a
powerful antioxidant with a unique disulfide bond, which can
inhibit lipid peroxidation, eliminate oxygen free radicals, and
5

reduce damage to tissue cells. Moreover, lipoic acid has reported
beneficial effects in the treatment of diabetes complications.[34]

Additionally, methylcobalamin could promote myelinogenesis
and axon regeneration through nucleic acid and protein
synthesis, repairing peripheral nerve injury.[35,36] Our study
showed that the serum apelin level was closely associated with
DPN and its expression was decreased after lipoic acid and
methylcobalamin, thus preventing the progression of neuropa-
thy. However, the exact mechanisms underlying these changes
are ambiguous and needs to be further explored.
Apelin could play an important role in DPN due to its

neuroprotective effects.[15,27] Our study found that elevated
apelin levels in T2DM subjects are negatively correlated with the
MCV and SCV of multiple nerves (mainly lower-limb nerves),
which is in accordance with 1 study that has reported that
decreased NCV of the upper and lower limbs in patients with
DPN could be improved by combining antihyperglycemic and
neurotrophic treatments.[5] Moreover, Zeng et al showed that
apelin-13 could have a neuroprotective effect owing to the
reduced ROS production induced by serum deprivation,
mitochondrial depolarization, cytochrome C release, and
activation of the apoptosis marker caspase-3.[28] It has been
suggested that apelin-13 inhibits the activation of caspase-3 and
enhances the expression of Bcl-2 after stroke, suggesting that it
has an antiapoptosis mechanism.[27–29]

On the other hand, inflammation seems to be involved in the
peripheral nerve injury of DPN. In agreement with the results of
numerous studies[37–39] our study shows that serum TNF-a
concentrations are higher in T2DM subjects with DPN than in
healthy controls. These results confirm the catalytic role of TNF-
a in the pathogenesis of DPN. TNF-a could up-regulate the
expression of apelin mRNA in adipose tissue and its further
increase concentration in plasma.[40] This result is ensured by our
study, suggesting that the serum apelin levels are positively
correlated with TNF-a. Our report demonstrates the close
internal relationship between apelin and inflammatory biomark-
ers, so the neuroprotective effect of apelin as inhibitor of
inflammation needs further study. The unblinded treatment
strategy is an open-label trial, which could easily induce bias.
However, during the trial process, 2 independent individuals
undertook the responsibilities of trial administrator and trial
effect evaluator in an attempt to minimize bias. As the number of
patients included in our study is relatively small, further
multicenter studies with larger sample sizes are warranted to
confirm these results.
5. Conclusion

As a summary, the findings of the present study suggest that
apelin is closely related to T2DM and plays a specific role in the
appearance and development of DPN. Moreover, an increase in

http://www.md-journal.com
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apelin levels in subjects with DPNwas found, that decreased after
treatment to control glucose and nourish the nervous system.
Apelin could have a protective effect on peripheral nerves and
may be used as a risk indicator for the early detection of DPN in
T2DM subjects, as well as to evaluate the effect of antihyper-
glycemic and neurotrophic treatments on T2DM subjects with
DPN.
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