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Association between serum asprosin
and diabetic peripheral nheuropathy in patients
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Abstract. - OBJECTIVE: This study aimed to
investigate the relationship between serum as-
prosin level and diabetic peripheral neuropathy
(DPN) in community patients with type 2 diabe-
tes mellitus (T2DM).

PATIENTS AND METHODS: A total of 498 pa-
tients with T2DM were recruited from Zhuoma
Community Health Service Station and Cheng-
bei West Street Community Health Service Cen-
ter in Changzhi City of Shanxi Province between
November 2019 and July 2021. Their height,
weight, and body mass index (BMI), as well as
fasting plasma glucose (FPG), glycosylated he-
moglobin (HbA1c), triglyceride (TG), and serum
asprosin levels, were analyzed. Patients were di-
vided into the DPN group (n = 329) and the non-
DPN group (n = 169) according to the presence
or absence of DPN. The t-test, Mann-Whitney U
test, and 2 test were used to compare the in-
dicators between the two groups. Pearson or
Spearman correlation analysis was used to eval-
uate the correlation between serum asprosin
and other clinical data. Multivariate logistic re-
gression analysis was used to analyze the influ-
encing factors of DPN.

RESULTS: Compared with the non-DPN
group, the DPN group had higher serum aspros-
in (p < 0.05). The prevalence of DPN gradually
increased according to the tertiles of asprosin
(56%, 67%, and 75%; p < 0.05). Multivariate logis-
tic regression analysis showed that after adjust-
ment for covariates, patients with asprosin con-
centrations between 295.4-367.0 pg/ml and con-
centrations > 367.0 pg/ml had a higher risk of di-
abetic neuropathy compared than those with as-
prosin levels < 295.4 pg/ml (p < 0.05).

CONCLUSIONS: Serum asprosin was found
to be positively correlated with DPN, and it re-
sulted as an influencing factor for DPN in pa-
tients with T2DM in the community. With the
increase of asprosin, the risk of DPN also in-
creased.
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Introduction

Type 2 diabetes mellitus (T2DM) is a chron-
ic metabolic disease that can cause damage to
multiple organs, whose various comorbidities
have become the leading cause of death or dis-
ability in patients with diabetes mellitus (DM).
Diabetic peripheral neuropathy (DPN) is one
of the most common chronic complications
caused by DM, affecting up to 30-50% of cas-
es'. Symptoms of DPN first appear in the distal
limb, from where they distribute like a glove
and gradually spread to the proximally, which
can lead to many complications and has been
associated with increased mortality®. The ad-
vancement of medical reform has made com-
munity centers the main medical institutions
for DM patients, thus assigning them an im-
portant role in the early detection and preven-
tion of diabetes and its complications.

Asprosin is a novel glucose-regulated pro-
teinaceous hormone discovered by Romere et al®
in 2016 when studying Marfanoid-progeroid-li-
podystrophy syndrome. Asprosin is a secreted
adipokine that can be released from white adi-
pose tissue induced by a fasting state, encoded
by exons 65 and 66 of the fibrillin-1 protein, and
cleaved from the C-terminus of the fibrillin-1
gene. Although asprosin is mainly produced by
white adipose tissue, its target organs are distrib-
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uted throughout the body. In the brain, asprosin
receptors are mainly located in the arcuate nucle-
us of the hypothalamus, where they are bound by
asprosin, which in turn promotes appetite. In the
periphery, asprosin receptors are mainly located
in the liver, pancreas, skeletal muscle, and myo-
cardium, and can increase blood glucose levels
by breaking down glycogen®. Previous stud-
ies** also showed that plasma asprosin level was
positively correlated with waist circumference,
glycosylated hemoglobin, fasting blood glucose
level, total cholesterol level, 2-hour postprandial
blood glucose, and insulin resistance®. In addi-
tion, asprosin is also closely associated with the
occurrence and development of polycystic ovary
syndrome, obesity, diabetes, and cardiovascular
diseases’.

Whether asprosin can serve as a predictor of
DPN in community patients with T2DM remains
to be investigated. Therefore, the present study
aimed to investigate the relationship between as-
prosin level and DPN in patients with T2DM in
Shanxi Province, to predict the risk of DPN in
T2DM patients, and to provide a new theoretical
basis for early screening and intervention of DPN.

Patients and Methods

Research Subjects

A total of 498 patients with T2DM were re-
cruited in Zhuoma Community Health Service
Station and Chengbei West Street Community
Health Service Center in Changzhi City of Shanxi
Province between November 2019 and July 2021.

The subjects of the present report were those
of the previous study with the same inclusion cri-
teria®. Clinical and biochemical data were taken
from the previous study®. Inclusion criteria: pa-
tients fulfilled the 1999 World Health Organiza-
tion diagnostic criteria for T2DM’. Exclusion cri-
teria were: (1) the presence of other neurological
diseases than DPN; (2) recurrent severe hypogly-
cemia; (3) acute complications such as diabetic
ketoacidosis; (4) patients with a history of severe
anxiety, depression, or mental illness; (5) visu-
al impairment, hearing impairment or language
communication impairment; (6) other serious so-
matic disorders.

The present study was approved by the Ethics
Committee of the First Hospital of Shanxi Med-
ical University [approval number: 2019 (K056)],
and all patients signed informed consent.
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Clinical Data Collection

The height and weight of the patients were
collected, and their body mass index (BMI) was
calculated. The general data of the patients, such
as gender, age, abdominal circumference, and
systolic and diastolic blood pressure, were col-
lected. Fasting venous blood of the patients was
collected and examined for fasting blood glucose
(FPG), Aspartate Aminotransferase (AST), Al-
anine Aminotransferase (ALT), creatinine, total
cholesterol (TC), triglycerides (TG), high-density
lipoprotein cholesterol (HDL-C), and low-den-
sity lipoprotein-cholesterol (LDL-C) (Beckman
Automatic Biochemical analyzer, BK-200, USA).
HbAlc was measured by high-pressure liquid
chromatography (Roche 501, Basel, Switzerland).
Clinical and biochemical data were taken from
the previous study (methods outlined in Xu et al®)
including research subjects, clinical data collec-
tion, detection of serum asprosin and grouping
methods in the manuscript.

Detection of Serum Asprosin
and Grouping

All patients fasted for 8-10 hours, after which
their peripheral venous blood was collected and
then centrifuged (3,000 rpm, centrifugation radi-
us 13.5 cm) for 15 minutes. The supernatant was
removed and stored frozen in the refrigerator at
-80°C. Serum asprosin levels were measured by
ELISA kit (Shanghai Hepeng, Shanghai, China)
with an inter-assay difference of < 11% and in-
tra-assay difference of < 8%. Samples were as-
sayed in duplicate, and each assay was performed
in strict accordance with the kit and instrument
instructions. Patients with T2DM were divided
into tertile groups according to serum asprosin
(asprosin < 295.4 pg/ml, asprosin between 295.4-
367.0 pg/ml, and asprosin > 367.0 pg/ml), and the
risk of DPN was compared.

Diagnostic Criteria for DPN

According to the “Chinese Guidelines for the
Prevention and Treatment of Type 2 Diabetes
(2017 edition)”’, the following conditions were
met: (1) have a clear history of diabetes; (2) neu-
ropathy present at or after diagnosis of diabetes;
(3) the clinical symptoms and signs were con-
sistent with manifestations of DPN; (4) patients
with clinical symptoms (pain, numbness, pares-
thesia, etc.), with at least one of the five exam-
inations (ankle reflex, pinprick pain, vibration
sensation, pressure sensation, and temperature
sensation) being abnormal. (§) Neuropathy due
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to other etiologies were excluded. If there were
no clinical symptoms, minimally, two out of the
five examinations were abnormal. If the above
examination could not confirm the diagnosis,
neuroelectromyography was performed for dif-
ferential diagnosis.

Statistical Analysis

SPSS 22.0 (IBM Corp., Armonk, NY, USA)
was used for data analysis. The Q-Q plots were
employed for normality testing. Data with normal
distribution was represented as mean+tstandard
deviation (mean £+ SD), and a comparison be-
tween groups was performed by #-test. Metrology
data that did not conform to normal distribution
were presented in M (Q1, Q3), and comparisons
between the two groups were performed using
the Mann-Whitney U test. Pearson and Spear-
man correlation analyses were used to evaluate
the correlation between serum asprosin levels and
other clinical data. Logistic regression was used
to analyze the odds ratio (OR) and the 95% confi-
dence interval (95% CI) of asprosin levels on the
risk of DPN. p < 0.05 was considered statistically
significant.

Results

Comparison of General Data,
Biochemical Indexes, and Albumin
Levels Between the Two Groups

A total of 498 T2DM patients were enrolled, in-
cluding 329 patients with DPN and 169 without DPN.
Their average age was (58.1 = 13.6) years old, and
59.8% (298/498) were men. The median duration of
diabetes was 11 (5, 17) years, and HbAlc was (9.15
+ 2.08)%. Compared with patients without DPN, pa-
tients with DPN had a longer duration of diabetes,
older age, higher serum asprosin levels (all p <0.05),
and decreased levels of LDL-C, AST, and ALT (all
p <0.05). There were no statistically significant dif-
ferences in systolic blood pressure (SBP), diastolic
blood pressure (DBP), TG, TC, HDL-C, creatinine
(CRE), estimated glomerular filtration rate (¢GFR),
BMI, FPG, and HbAlc (p > 0.05) (Table I).

Correlation of Serum Asprosin
with General Data and Biochemical
Parameters

Pearson or Spearman correlation analysis showed
that serum asprosin was positively correlated with di-

Table I. Comparison of the clinical characteristics of patients with T2DM in the community between those with DPN and those

without DPN.
Characteristics Total
Non-DPN DPN 2/t p-value
(n=169) (n = 329)

Age (y) 54.64 + 14.93 59.90 + 12.50 -3.928 <0.001
*Duration (y) 8 (1, 14) 13 (8, 18) 42478 <0.001
BMI, kg/cm? 26.24 +4.21 26.08 +4.03 0.408 0.684
SBP (mmHg) 134.05 + 18.30 136.55 +19.30 -1.416 0.158
DBP (mmHg) 79.96 + 11.74 79.83 + 10.81 0.128 0.898
*AST (IU/L) 20 (15, 27) 17 (14, 23) 11.426 0.001
*ALT (IU/L) 20 (13, 33) 17 (12, 26) 7718 0.005
*TG (mmol/L) 1.66 (1.14, 2.46) 1.67 (1.13, 2.42) 0.081 0.775
TC (mmol/L) 473 +£1.31 4.57+1.12 1.417 0.157
HDL-C (mmol/L) 094 +0.23 0.98 +£0.25 -1.579 0.115
LDL-C (mmol/L) 2.82 +£0.88 2.62+0.83 2.385 0.018
FPG (mmol/L) 8.64 +£3.35 8.35+292 1.006 0.315
HbAlc (%) 9.17 £2.30 9.14 £1.97 0.143 0.886
*CRE (umol/L) 63 (55, 78) 67 (56, 83) 3.142 0.076
eGFR (mL/min/1.73 m?) 144.67 £ 29.50 139.87 + 34.33 1.546 0.122
Asprosin (pg/ml) 313.11 £ 85.98 346.95 £97.27 -3.819 <0.001
Ca (mmol/L) 2.19+£0.11 215+0.13 3.176 0.002

*Spearman correlation analysis was used for skewness distribution. BMI — Body Mass Index; SBP — Systolic Blood Pressure;
DBP — Diastolic Blood Pressure; AST — Aspartate Aminotransferase; ALT — Alanine Aminotransferase; TG — triglycerides; TC
— total cholesterol; HDL-C — high-density lipoprotein cholesterol; LDL-C — low-density lipoprotein cholesterol; FPG — fasting
blood glucose; PPG — blood glucose at 2 hours after meals; HbAlc — glycosylated haemoglobin; CRE — creatinine; eGFR —

estimated glomerular filtration rate.
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Table Il. Association between serum asprosin and other covariates in patients with type 2 diabetes.

Covariates Pearson correlation Multiple Linear Regression

r P Standardized B P
*Duration (y) 0.222 0.000 0.159 0.000
Age (y) 0.120 0.007
SBP (mmHg) 0.313 0.000 0.268 0.000
DBP (mmHg) 0.104 0.020
BMI (kg/m?) 0.087 0.053 - -
TC (mmol/l) 0.124 0.006 0.101 0.027
*TG (mmol/1) 0.126 0.005
LDL-C (mmol/l) 0.067 0.137 - -
HDL-C (mmol/l) 0.033 0.469 - -
FPG (mmol/l) 0.031 0.453 - -
HbAlc (%) 0.128 0.004 0.167 0.000
*AST (IU/L) -0.050 0.264 - -
*ALT (IU/L) -0.135 0.002 -0.097 0.024
*CRE (umol/l) 0.276 0.000 0.134 0.008
eGFR (mL/min/1.73 m?) -0.293 0.000 -0.186 0.000
Ca (mmol/L) -0.166 0.010 -0.082 0.043

*Spearman correlation analysis was used for skewness distribution. BMI — Body Mass Index; SBP — Systolic Blood
Pressure; DBP — Diastolic Blood Pressure; AST — Aspartate Aminotransferase; ALT — Alanine Aminotransferase; TG —
triglycerides; TC — total cholesterol; HDL-C — high-density lipoprotein cholesterol; LDL-C — low-density lipoprotein
cholesterol; FPG — fasting blood glucose; PPG — blood glucose at 2 hours after meals; HbAlc — glycosylated
hemoglobin; CRE — creatinine; eGFR — estimated glomerular filtration rate.

abetes duration, age, SBP, DBP, TC, TG, HbAlc, and
CRE (both p < 0.05) but negatively correlated with
ALT and eGFR (all p < 0.05) in 498 T2DM patients
(Table II). Multiple linear regression analysis (using
the stepwise method) revealed that T2DM duration,
SBP, TG, HbAlc, ALT, eGFR, and Ca were inde-
pendently associated with asprosin (p < 0.05, Table
I1). T2DM duration, SBP, TG, and HbAlc were pos-
itively correlated with asprosin, while ALT, eGFR,
and Ca were negatively correlated with asprosin.

Prevalence of DPN in T2DM Patients
Grouped by Tertiles of Asprosin

When all participants were analyzed together,
the prevalence of DPN progressively increased
from the lowest to the highest asprosin tertile (56%,
67%, and 75%; p for trend < 0.05) (Figure 1).

Multiple Stepwise Logistic Regression
Analysis for the Ratio of Serum Asprosin
to the Risk of DPN

The patients were subsequently divided into a
low-level group (T1), middle-level group (T2), and
high-level group (T3) according to the tertiles of se-
rum asprosin levels (tertile, T). Multivariate logistic
regression analysis (using asprosin tertile 1 as the
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reference group) was performed with or without the
occurrence of DPN as the dependent variable, ad-
justing for DM, age, LDL-C, and AST. The analy-
sis showed a significant increase in the incidence of
DPN in T2 and T3 (all p < 0.05) (Table III). After
further adjusting for DBP, BMI, FPG, and gender,
patients in T2 and T3 groups were still at significant-
ly higher risk of developing DPN compared with pa-
tients in the T1 group (all p < 0.05) (Table III).

p value <0.05
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Figure 1. Prevalence of diabetic peripheral neuropathy (DPN)
according to tertiles of serum asprosin.
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Table Ill. Multiple stepwise Logistic regression analysis of the ratio of serum asprosin to risk of diabetic peripheral neuropathy.

Tertile 1 Tertile 2 Tertile 3 p-value for trend
Model 1 1 1.598 (1.024-2.494) 2.374 (1.487-3.789) <0.001
Model 2 1 1.531 (0.954-2.455) 1.762 (1.075-2.837) 0.022
Model 3 1 1.529 (0.946-2.470) 1.706 (1.025-3.238) 0.037

Data are presented as odds ratio (95% confidence interval) compared with tertile 1. Participants without diabetic peripheral
neuropathy (DPN) were defined as 0 and those with DPN as 1. Model 1, without adjusted variable; Model 2, with adjusted for
duration of diabetes mellitus, age, low-density lipoprotein cholesterol (LDL-C), Aspartate Aminotransferase (AST); Model 3,
model 2 with additional adjustment for diastolic blood pressure (DBP), body mass index (BMI), fasting blood glucose (FPG), sex.

Discussion

DPN is the most common cause of neuropathy,
affecting the quality of life of about half of DM
patients®. Individuals with advanced age and long
duration of diabetes are at high risk of DPN inci-
dence®'?. The present study found that compared
with T2DM patients without DPN, T2DM patients
with DPN were older and had a longer duration of
diabetes, while their LDL-C was lower. The reduc-
tion of blood lipids may be associated with a high-
er proportion of patients taking aspirin and statins,
which is consistent with the findings of Pan et al"'.
Serum-ionized calcium is one of the essential ions
in the human body, which has a key role in reg-
ulating the normal function of cells. Serum-ion-
ized calcium can promote intracellular and extra-
cellular exchange through calcium-magnesium
ATPases and calcium channels, thus maintaining
the balance of intracellular and extracellular calci-
um in vivo. However, once the balance of calcium
ions is broken, calcium metabolism becomes dis-
ordered, eventually leading to DPN in diabetes'?.
The present study’s results showed that the serum
ionized calcium level in the DPN group was lower
than in the non-DPN group. Furthermore, the cor-
relation analysis showed that serum asprosin was
negatively correlated with serum calcium, which
was consistent with the above results, suggesting
that the decrease of serum ionized calcium level
may be the basis of DPN in DM patients.

Adipose tissue is a functionally active endo-
crine organ that can produce and secrete a variety
of adipokines. Among these adipokines, adiponec-
tin and leptin have been confirmed to be closely
related to diabetes and complications, participating
in insulin sensitivity, lipid metabolism, and oth-
er processes. The decrease in serum adiponectin
level and the increase in leptin level have an im-
portant role in the occurrence and development
of diabetes'®. Recently, asprosin has been identi-
fied as a fasting-induced glucogenic hormone'.

Serum asprosin elevates blood glucose, regulates
lipid metabolism, protects cardiomyocytes, and is
closely related to diabetic macroangiopathy and
microangiopathy>. Matsuda et al'® proposed in
2004 that leptin, adiponectin, and tumor necrosis
factors (TNFs) are closely related to the occurrence
of DPN. Lim et al” found that leptin was related
to the occurrence of DPN. However, there are also
different conclusions. Kato et al*®* studied 198 Jap-
anese patients with T2DM and found that neither
serum high molecular weight adiponectin nor total
adiponectin was significantly correlated with DPN.
Therefore, the role of various adipokines in the oc-
currence and development of DPN remains unclear
and should be further investigated. There is still no
study on the association of asprosin with DPN. The
present study found that the serum asprosin level
of patients with DPN was higher than that of pa-
tients without DPN, while there was no significant
difference in BMI between the two groups, which
was consistent with the results of Li et al”®. The in-
consistencies in these findings may be due to the
differences in subjects and expression sites of as-
prosin, which was found to be secreted in tissues
such as the liver, heart, lung, muscle, and brain®.
Multiple adipocytokines are associated with
the complications of T2DM, which has certain
similarities with the pathogenesis of DPN. DPN
patients have abnormally elevated oxidative stress
levels?’, which can activate glycation end products
and protein kinase C pathway, mediate lipid per-
oxidation, promote the expression of transforming
growth factor-f (TGF-p), interleukin-1 (IL-1), and
other inflammatory factors, and induce nerve cell
injury. Excessive reactive oxygen species (ROS)
can accelerate the destruction of lipids, proteins,
and nucleic acids. ROS clusters can also induce
the pericytes contraction around endothelial cells,
damage microvascular endothelial cells, peri-
cytes, and astrocytes induce changes in the per-
meability of these cells, damage peripheral nerve
cells, and promote the occurrence of DPN2!, Our
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results showed that after stepwise adjustment for
covariates such as disease duration, age, LDL-C,
AST, DBP, BMI, FPG, and gender, patients with
asprosin between 295.4-367.0 pg/ml and aspros-
in > 367.0 pg/ml had a higher risk of developing
DPN compared to patients with asprosin < 295.4
pg/ml, and elevated serum asprosin level was an
important factor of DPN. The comparison be-
tween the tertiles of asprosin and the prevalence
of DPN showed that the prevalence of DPN in-
creased with asprosin levels, suggesting that early
changes in serum asprosin levels should be giv-
en adequate attention, which may have a relevant
role in slowing down the development of DPN.

Limitations

The present study has some limitations: (1)
this is a cross-sectional study with a small sam-
ple size; (2) due to the influence of region, sample
size, population characteristics, and other factors,
future prospective studies are needed to confirm
whether there is a causal relationship between se-
rum asprosin and DPN; (3) the participants in the
present study were T2DM patients. Asprosin level
was higher in patients with DPN than those with-
out DPN; however, there was no significant dif-
ference in BMI and TG between the two groups,
suggesting that there may be other mechanisms
between asprosin and DPN.

Conclusions

Higher serum levels of asprosin were associat-
ed with the presence of DPN in community-based
T2DM patients in Changzhi, Shanxi Province,
China, and the risk of developing DPN significant-
ly increased with increasing serum levels of as-
prosin. Therefore, serum asprosin level is expected
to become a predictor for early diagnosis of DPN.
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