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Abstract: Diabetes mellitus is a major independent risk factor for polyneuropathy, but high polyneuropathy risk in 
diabetic patients is not completely explained by clustering traditional risk factors. We want to determine the levels 
of vaspin, adiponectin, leptin and their relationships with polyneuropathy. A total of 115 Chinese Han patients with 
type 2 diabetes mellitus according to with or without polyneuropathy were divided into 2 groups. Diagnosis of dia-
betic polyneuropathy was primarily clinical and involves a thorough history and physical examination with a focus 
on cardiovascular and neurologic tests, and a detailed assessment of the feet. Vaspin and adiponectin levels were 
determined by enzyme linked immunosorbent assay, and leptin levels by radioimmunoassay. Multiple regression 
analysis revealed that vaspin (P=0.000), adiponectin (P=0.001) and BMI (P=0.042) were variables that influenced 
DPN significantly and independently. The preponderance of evidence presented here indicates that people with 
DPN have increased levels of serum vaspin, leptin and declined adiponectin. Serum vaspin and adiponectin are 
independent affecting variables of DPN, indicating that high vaspin level and low adiponectin level may be related 
to the process of DPN.
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Introduction

With the increasing prevalence of diabetes, it 
has been a major cause of morbidity and mor-
tality. Diabetic polyneuropathy (DPN) is one of 
the most common and complex chronic compli-
cations of type 2 diabetes mellitus generating  
a huge economic burden. Adipose tissue is not 
only an inert energy-storing tissue, but also an 
active endocrine organ [1], which secrets many 
kinds of adipocytokines, such as adiponectin, 
leptin, TNF-a and so on. Leptin is an adipocyte-
derived hormone discovered in 1994 which 
created dramatic interest in the field of white 
adipose tissue (WAT) research and related dis-
eases such as hypertension, coronary athero-
sclerosis, myocardial hypertrophy, diabetes, 
and dyslipidemia [2, 3]. 

Current studies show that basal plasma leptin 
and insulin concentrations parallel each other 
as leptin resistance can lead to insulin resis-
tance and diabetes [4, 5]. 

Vaspin, a novel member of the adipokine family, 
is a 395 amino-acid product with structure simi-
lar to serine protease inhibitors [6]. Vaspin 
mRNA expression is significantly increased in 
patients with obesity, insulin resistance. How- 
ever, vaspin was also found to improve gluco- 
se tolerance and insulin sensitivity in obese 
rodents and may also normalize altered expres-
sion of genes relevant to insulin resistance [7].

Adiponectin, an adipokine, has several benefits 
related to its insulin-sensitizing, anti-inflamma-
tory, and anti-atherosclerotic effects [8]. This 
peptide has primarily been studied in certain 
disease subsets, such as metabolic syndrome, 
obesity, and diabetes mellitus [9]. It has a major 
role in enhancing insulin sensitivity by stimulat-
ing the phosphorylation of AMP-activated pro-
tein kinase in insulin target organs, such as 
skeletal muscle and liver [10].

The aim of the present study was to assess  
the levels of vaspin, adiponectin and leptin in 
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patients presenting with and without DPN, and 
then to define and assess the relative impor-
tance of the three kinds of adipokines and DPN.

Patients and methods

Subject selection

A total of 115 Chinese Han patients (male 60 
and female 55) with type 2 diabetes aged 
30-70 y were recruited from the Second Hos- 
pital of Shandong University between June 
2010 and January 2012 who were eligible for 
the study, and randomly assigned to 57 cases 
of simple diabetic group (DM group), 58 cases 
of diabetic polyneuropathy (DPN), and other 
selected age and gender matched 55 cases 
health examination persons as normal control 
group. Diagnosis of DPN was primarily clinical 
and involves a thorough history and physical 
examination with a focus on cardiovascular and 
neurologic tests, and a detailed assessment of 

Fasting plasma glucose (FPG) was measured by 
enzymatic calorimetric method of glucose oxi-
dase test. Fasting insulin (FINS) and serum 
leptin were determined by radioimmunoassay 
techniques. Hemoglobin A1c (HbA1c) was as- 
sessed via high performance liquid chromatog-
raphy. Serum concentrations of adiponectin, 
vaspin, total cholesterol, high density lipopro-
tein cholesterol (HDL-C), low density lipoprote- 
in cholesterol (LDL-C), and triglycerides were 
determined by enzyme-linked immunosorbent 
assay. Homeostasis model assessment (HO- 
MA-IR) was used to estimate insulin resistance: 
HOMA-IR=FPG*FINS/22.5.

Statistical analysis

All experimental data were analyzed by SPSS 
software 16.0 (SPSS, Chicago, IL, USA). Me- 
asurement data were presented as mean ± 
standard deviation (mean ± SD). Single factor 
and multifactor ANOVA analysis were for the 

Table 1. Baseline characteristics of study and control groups
DPN group 

(n=57)
DM group 

(n=58)
Control group 

(n=55)
Age (y) 56.70±8.07 53.66±9.14 54.24±8.03
Gender (Male/Female) 27/20 33/25 31/24
Duration (y)Δ 6.20±4.96# 3.60±3.85 -
SBP (mmHg) 135.85±12.57 134.41±14.67 131.27±12.59
DBP (mmHg) 79.70±9.38 79.93±9.17 81.27±7.59
Waist (cm) 87.59±9.02 86.84±9.02 84.38±7.58
Waist-hip Ratio 0.91±0.03 0.90±0.03 0.90±0.02
Body mass index (kg/m2) 25.21±2.76 25.37±3.35 24.74±2.96
FPG (mmol/L) 9.10±2.56* 8.91±2.29* 5.10±0.49
FINS (mU/L) 16.96±7.07* 15.09±7.16* 9.24±7.70
HOMA-IR 6.86±3.02* 5.94±3.09* 2.10±1.75
Hemoglobin A1c (%)Δ 8.37±2.07 8.06±2.14 -
Triglycerides (mmol/L) 1.58±0.54 1.60±0.58 1.10±0.35
Total cholesterol (mmol/L) 5.02±0.91 5.06±0.98 4.89±0.77
HDL-C (mmol/L) 1.24±0.26 1.27±0.32 1.29±0.37
LDL-C (mmol/L) 3.32±0.91 3.30±0.89* 2.92±0.65
Vaspin (ng/ml) 1.64±0.51*,# 1.05±0.34* 0.57±0.24
Adiponectin (μg/ml) 6.02±1.53*,# 7.50±1.97* 8.91±1.88
Leptin (ng/ml) 23.69±7.06*,# 20.90±7.17* 14.41±4.85
Abbreviations: DM, diabetes mellitus; DPN, diabetic polyneuropathy; SBP, systolic 
blood pressure; DBP, diastolic blood pressure; HDL, high-density lipoprotein; LDL-C, 
low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; FPG, 
Fasting plasma glucose; FINS, Fasting insulin; HOMA-IR, homeostasis model of as-
sessment for insulin resistance index. Values are means ± SD. #P<0.05 compared 
to group DM. *P<0.05 compared to control group. Δwhen the variable duration was 
still not satisfied with the normal distribution, the nonparametric test of the Mann-
Whitney U was used between the both groups.

the feet [11]. All patients 
were treated with hypoglyce-
mic drugs to control blood 
glucose, and angiotensin-
converting enzyme inhibitors 
(ACEI) and/or angiotensin-
receptor blockers (ARB) to 
control blood pressure (or to 
reduce proteinuria). No addi-
tional medicines were tak- 
en within 1 week of serum 
collection. Exclusion criteria 
were as follows: history of 
serious liver and kidney dis-
ease, severe hypertension, 
cardiac dysfunction, cereb- 
rovascular accident, stress, 
acute or chronic infection, 
autoimmune disease, preg-
nancy, etc.

Detection of indicators 

After an overnight fasting of 
10 hours, 10 mL of venous 
blood was drawn from each 
subject. After centrifugation 
at 400 g for 10 minutes, the 
serum samples were collect-
ed and stored at -80°C until 
analysis.
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mean difference among the three groups, and t 
test was used between both groups. Correlation 
was analyzed using Pearson correlation. The 
count data were analyzed by χ2 test, and logis-
tic regression analysis was used for an inde-
pendent risk factor of diabetic polyneuropathy. 
If parameters were still not satisfied with nor-
mal distribution after variables converted, 
onparametric test was used between both 
groups. P<0.05 was considered statistically 
significant.

Results

Baseline demographics, biochemistry and 
clinical characteristics of all the subjects 

A total of 160 subjects participated in this 
study with age ranging from 30 to 72 years. 
There was no significant difference in age, SBP, 
DBP, WC, WHR and BMI among the three groups 
(P>0.05). The duration of DPN group was longer 
than that of DM group (P<0.01). Patients in the 
two groups with diabetes had increased serum 
concentrations of FPG, FINS, HOMA-IR, vaspin, 
leptin, and decreased adiponectin compared to 
control group (P<0.01), but there were no sig-
nificant differences in FPG, FINS and HOMA-IR 
between DM group and DPN group. In addition, 
significantly increased serum concentrations of 
vaspin, leptin and decreased adiponectin were 

0.006), FPG (P<0.001), FINS (P=0.001), HO- 
MA-IR (P<0.001), TG (P=0.001), TC (P<0.001) 
and LDL-C (P=0.003) were obtained.

There were also significantly different between 
adiponectin, leptin and sex (P=0.009, P=0.000 
respectively), WC (P=0.006, P=0.005 respec-
tively), FPG (P=0.000, P=0.011 respectively), 
FINS (P=0.001, P=0.010 respectively), HOMA-
IR P<0.001, P=0.002 respectively), TG (P= 
0.002, P=0.000 respectively), TC (P=0.027, 
P=0.001 respectively) and LDL-C (P=0.017, 
P=0.000 respectively).

The stepwise multiple linear regression ana- 
lysis between vaspin, adiponectin, leptin and 
variables see Table 4. Multiple regression an- 
alysis revealed that sex (P=0.002), WC (P 
=0.001), FPG (P=0.000), WHR (P=0.022) and 
BMI (P=0.001) were variables that influenced 
vaspin values significantly, and sex (P=0.011), 
HOMA-IR (P=0.000) and TG (P=0.010) were 
variables that influenced adiponectin values 
significantly. The results also showed that sex 
(P=0.000), HOMA-IR (P=0.004), TG (P=0.028) 
and LDL-C (P=0.031) were significant determi-
nants for serum leptin levels.

Logistic analyses of influencing factors of DPN 
were shown in Table 5. The results revealed 
that vaspin (P=0.000), adiponectin (P=0.001) 

Table 2. Comparison of serum vaspin, adiponectin and leptin in 
different sex

Female (n=79) Male (n=91) t P
Vaspin (ng/ml) 1.17±0.59 0.98±0.53 -2.096 0.038*

Adiponectin (μg/ml) 8.06±2.25 7.17±1.99 -2.646 0.0098*

Leptin (ng/ml) 22.15±7.77 17.46±6.58 -4.126 0.000*

*compared between the two groups, P<0.05.

Table 3. Correlation between serum vaspin, adiponectin, leptin 
and variables in all subjects

Parameters
R P

Vaspin Adiponectin Leptin Vaspin Adiponectin Leptin
Sex 0.164 0.206 0.312 0.038 0.009 0.000
WC 0.216 -0.215 0.221 0.006 0.006 0.005
FPG 0.445 -0.384 0.200 0.000 0.000 0.011
FINS 0.260 -0.255 0.204 0.001 0.001 0.010
HOMA-IR 0.393 -0.386 0.247 0.000 0.000 0.002
TG 0.265 -0.245 0.287 0.001 0.002 0.000
TC 0.280 -0.175 0.261 0.000 0.027 0.001
LDL-C 0.231 -0.188 0.293 0.003 0.017 0.000

found in the patients of the DPN 
group than that of the DM group 
(Table 1).

Comparison of serum vaspin, 
adiponectin and leptin in differ-
ent sex 

Men comprised majority of ca- 
ses (56.88%, n=91). The value 
of serum vaspin, adiponectin, 
leptin of women increased sig-
nificantly than that of men (P= 
0.038; P=0.0098; P=000 res- 
pectively) (Table 2).

Correlations and multivariate 
analysis

Correlation between serum vas- 
pin, adiponectin, leptin and vari-
ables in all subjects were su- 
mmarized in Table 3. Significa- 
nt correlations of serum vaspin 
with sex (P=0.038), WC (P= 
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and BMI (P=0.042) were variables that influ-
enced DPN significantly and independently.

Discussion

Our data showed that the three kinds of adipo-
kines (vaspin, adiponectin and leptin) concen-
trations of women were significantly increased 
than that of the men, maybe due to different 
kinds of fat content from different gender. 
HOMA-IR was also founded the mainly influenc-
ing factor of the three kinds of adipokines 
(vaspin, adiponectin and leptin), which was 
accordance with adipokines improving insulin 
resistance. Longer duration of DPN patients 
than diabetic patients revealed that DPN was a 
long chronic damage process.

Increased visceral adiposity is associated with 
insulin resistance and type 2 diabetes [12-14]. 
Klöting et al [7] found that visceral vaspin 
mRNA expression was correlated with BMI, per-
centage body fat, and 2-hour oral glucose toler-
ance test plasma glucose. The authors con-
cluded that human vaspin mRNA expression in 
adipose tissue could be associated with param-
eters of obesity, insulin resistance, and glucose 
metabolism. Correlation between vaspin and 
diabetic microvascular [12-15] has been as- 
sessed, but the role of vaspin in DPN has not 

clined significantly in DPN maybe be related 
with the discharge of anti-inflammatory media-
tors [26].

Controversial results have been reported that 
serum leptin level tended to be associated with 
sensory conduction velocity [27] in diabetic 
patients, while another study did not find any 
relationship [28]. Kurajoh et al [29] found that 
hyperleptinemia was associated with cardiac 
autonomic dysfunction in patients with diabe-
tes, with the relationship independent of the 
accumulation of visceral fat. Our study showed 
serum leptin levels were significantly increased 
in DM and DPN patients compared with control 
group, but there was no difference of leptin lev-
els between DM and DPN patients, as reported 
before [29, 30].

Of all the clinical parameters, vaspin, adiponec-
tin and BMI were the mainly influential factors 
of DPN. The specific mechanism is not clear, 
probably due to the inflammatory reaction or 
oxidative stress et al. The further confirmation 
is to be needed. 

Limitations

First, the study had only a small sample size 
and needed to be repeated with a larger popu-

Table 4. The stepwise multiple linear regression analysis P 
values between vaspin, adiponectin, leptin and variables

Model
T P

Vaspin Adiponectin Leptin Vaspin Adiponectin Leptin
Constant -3.237 13.324 -2.637 0.001 0.000 0.009
Sex 3.147 2.575 5.406 0.002 0.011 0.000
WC 6.043 - - 6.043 - -
FPG 6.045 - - - - -
HOMA-IR - -4.829 2.928 0.000 0.000 0.004
TG - -2.622 2.222 - 0.010 0.028
LDL-C - - 2.179 - - 0.031
WHR 2.310 - - 0.022 - -
BMI 3.342 - - 0.001 - -

Table 5. Logistic analysis of influencing factors of diabetic 
polyneuropathy

Model B SE Wald P OR (95% Confidence 
interval)

Vaspin 0.004 0.001 20.182 0.000 1.002 (1.002, 1.005)
Adiponectin -0.552 0.171 10.395 0.001 0.576 (0.412, 0.805)
Leptin -0.210 0.103 4.154 0.042 0.811 (0.663, 0.992)

been reported. The correlation 
between serum vaspin levels and 
markers of insulin sensitivity, glu-
cose metabolism, and obesity is 
still controversial. In the current 
study, serum vaspin levels were 
correlated with markers of insulin 
sensitivity, glucose and lipid me- 
tabolism, including WC, fasting 
insulin, HOMA, TG, TC, LDL-C, as 
reported before. Vaspin serum lev-
els markedly increased in DPN 
may be a defensive mechanism 
against insulin resistance.

In humans, plasma adiponectin 
levels were correlated negatively 
with adiposity [16-19], insulin re- 
sistance [18, 20, 21], type 2 dia-
betes [18, 22], and metabolic syn-
drome [23-25], accordance with 
our results. The study shows that 
sex, HOMA and TG were the mainly 
influential factors of adiponectin, 
consistent with the previous re- 
port. The adiponectin levels de- 
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lation. Although we identified patients prospec-
tively, they were not randomly selected from a 
population with type 2 diabetes with or without 
DPN. In the paper, the relationships among 
decline adiponectin, elevated leptin, vaspin 
and the DPN are controversial, and further 
work is needed to prove a direct causal rela-
tionship and the mechanism .

In conclusion, the preponderance of evidence 
presented here indicates that people with DPN 
have increased levels of serum vaspin, adipo-
nectin and leptin. Serum vaspin and adiponec-
tin were independent affecting variables of 
DPN, indicating that high vaspin level and low 
adiponectin level may be related to the process 
of DPN. Our results presented within this pilot 
study promote us to further determine if the 
use of serum vaspin and adiponectin are useful 
in the pathogenesis of DPN. While the relation-
ship between leptin and DPN requires the fur-
ther validation.
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