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Objective: To explore the association between serum asprosin and diabetic nephropathy (DN) in patients with type 2 diabetes
mellitus (T2DM) in the community.

Methods: In this cross-sectional study, we retrospectively collected the clinical data of T2DM patients from a community health
service center in southeastern Shanxi Province between November 2019 and July 2021. Logistic regression analysis was used to
calculate the odds ratio (OR) and the 95% confidence interval (95% CI) of asprosin levels on the risk of DN.

Results: Among 498 T2DM patients included in this study, 221 had microalbuminuria, 105 had massive albuminuria, and 172 did not
have any signs of nephropathy. Serum asprosin level was positively correlated with diastolic blood pressure, body mass index,
triglycerides, aspartate aminotransferase, alanine aminotransferase, creatinine, ACR and albumin-to-creatinine ratio (all P < 0.05) and
negatively correlated with low-density lipoprotein cholesterol, high-density lipoprotein cholesterol, fasting plasma glucose, HbAlc and
estimated glomerular filtration rate (all P < 0.05). After adjusting for covariates, increased asprosin was associated with diabetic
nephropathy (all OR = 2.560, 95% CI: 1.1592-4.116; P < 0.001).

Conclusion: The risk of DN significantly increases with serum asprosin levels, especially among female patients.

Keywords: asprosin, type 2 diabetes mellitus, diabetic nephropathies, creatinine, albuminuria, logistic models, community health

services

Background
Asprosin is a recently discovered fasting-induced protein hormone mainly secreted by the white adipose tissue and
recruited by the liver and brain."? Plasma asprosin levels can be modulated by physical activity, where anaerobic
exercises increase their level, while aerobic exercises decrease it.> When reaching the liver, asprosin exerts a glucogenic
effect through an olfactory G-protein-coupled receptor (OR4M1), and upon crossing the blood—brain barrier, it stimulates
appetite-modulating neurons in the arcuate nucleus of the hypothalamus. Recent experimental and clinical studies have
shown that serum asprosin concentration is higher in subjects with metabolic syndrome and T2DM compared to
controls.* Serum asprosin was found to be positively related to the systolic blood pressure, blood urea nitrogen,
creatinine, uric acid, calcium channel blockers, while negatively related with glomerular filtration rate, metformin, and
acarbose therapy;> however, its specific pathways and targets are not yet fully understood.

Diabetic nephropathy (DN) is one of the most common T2DM complications, which often results in end-stage renal
disease being the major cause of T2DM death.® In the series of recently published clinical studies, increased circulating
asprosin levels were associated with the early stage of DN in T2DM,”® as well as the progression of DN and renal
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function,” thus suggesting a possible role of adipokines in the pathogenesis of both T2DM and nephropathy. It is
evidenced by serum asprosin level being independently correlated with urinary albumin/creatinine ratio in T2DM
patients® that circulating asprosin may affect the renal homeostasis via insulin resistance, multiple cytokine imbalance,
chronic inflammation and endothelial dysfunction. However, the specific role of asprosin in DN, its relationship with
glucose and lipid metabolism, markers of inflammation, and renal function need to be further investigated.

The purpose of this cross-sectional study was to explore the association between serum asprosin and diabetic
nephropathy in patients with type 2 diabetes mellitus in the community setting and evaluate its prognostic value for
future clinical practice.

Methods
Study Design and Subjects

In this cross-sectional study, we retrospectively collected the clinical data of type 2 diabetic patients from a community
health service center in southeastern Shanxi Province between November 2019 and July 2021. Inclusion criteria related
to T2DM patients who met the WHO diagnostic criteria for T2DM in 1999.° Exclusion criteria were the following: 1)
patients with type 1 diabetes mellitus; 2) diabetes caused by other endocrine diseases; 3) diabetic ketoacidosis and
diabetic hyperosmolar coma; 4) urinary tract infection; 5) patients with severe dysfunction of the liver, kidney and other
organs, severe infection and malignant tumor; 6) patients with communication disorders such as mental illness.

This study was approved by the ethics committee of the First Hospital of Shanxi Medical University (No. 2019
[K056]), and all study participants provided informed written consent. The study kept patient data confidential and
complied with the Declaration of Helsinki.

Grouping and Serum Asprosin Detection

Before asprosin detection, all participants fasted for 8—10h. Venous blood was collected the next morning and centrifuged
for 15 minutes, after which supernatant was absorbed to determine serum asprosin level. Centrifuge (3000 rpm, 13.5 cm
radius) for 15 min, take the supernatant, and all blood samples were stored at —80°C. Serum asprosin level was
determined by enzyme-linked immunosorbent assay (ELISA) method using a ready-to-use detection kit by Herb
(Shanghai, Biotechnology Co., LTD). All samples were tested by double-well repetition, with inter-batch difference
<11% and intra-batch difference <8%. According to the tertile of serum asprosin, all patients were divided into three
subgroups: low-level asprosin group (T1), medium-level group (T2), and high-level asprosin group (T3).

Participants were additionally divided into three groups, according to the urinary albumin-to-creatinine ratio (ACR)"°
that was repeatedly detected for 3 times, or urinary albumin that was increased 2 out of 3 times, excluding infection and
other factors. According to the value of the ACR, the participants were divided into a standard group (ACR < 30 mg/g),
microalbuminuria group (30< ACR <300 mg/g), and macroalbuminuria group (ACR > 300 mg/g).

Data Collection and Definition

Height, weight, waist circumference, and blood pressure of the patients were collected, and the Body Mass Index (BMI)
(weight/(height*height)) was calculated. Criteria for the diagnosis of hypertension was based on the Chinese Guidelines for
the Prevention and Treatment of Hypertension (2010)[systolic blood pressure > 140 and/or diastolic blood pressure >90mmHg
(ImmHg = 0.133kpa)]. Experienced nurses collect venous blood samples (empty stomach and 2 hours after meals), the blood
volume is about 2-3mL. It is used to measure aspartate transaminase (AST) (Reference range 15-40 U/L), alanine
aminotransferase (ALT) (Reference range 9-50 U/L), serum uric acid (SUA) (Reference range 210—440umol/L), creatinine
(CRE) (Reference range 64—104umol/L), total cholesterol (TC) (Reference range 64—104umol/L), triglycerides (TG)
(Reference range 0.2—1.7mmol/L), low-density lipoprotein cholesterol (LDL-C) (Reference range 0-3.12mmol/L), high-
density lipoprotein cholesterol (HDL-C) (Reference range = 1.04mmol/L), fasting blood glucose (FPG) (Reference range
3.9-6.1 mmol/l), and 2-hour blood glucose (2hPG) (Reference range 3.9—7.9mmol/L) were collected. Furthermore, urinary
albumin/creatinine, glycosylated hemoglobin (HbAlc) (Reference range 4.8-5.9%), glomerular filtration rate (¢GFR), and
asprosin levels were also collected.
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Estimated glomerular filtration rate (eGFR) was calculated using the Chronic Kidney Disease Epidemiology
Collaboration (CKD-EPI) formula proposed by Levey et al'' for female, eGFR (mL/min per 1.73 m?) = 144x [Scr
(mg/dL)/0.7]—-0.329 x [0.993] age if Scr <0.7 mg/dL and 144x [Scr (mg/dL)/0.7]—1.209 x [0.993]age if Scr >0.7 mg/dL;
and for male, eGFR (mL/min per 1.73 m?) = 141x [Scr (mg/dL)/0.9]-0.411 x [0.993]age if Scr <0.9 mg/dL and 141x
[Ser (mg/dL)/0.7]—1.209 x [0.993]age if Scr >0.9 mg/dL.

Statistical Analysis

SPSS 22.0 (IBM Corp., Armonk, NY, USA) was used for data analysis. The Q-Q plots were employed for normality
testing. The data conforming to the normal distribution were presented in the form of mean + standard deviation (mean +
SD), and those not conforming to the normal distribution were presented in the form of the median (range). The
categorical data were presented as frequency (constituent ratio or percentage). Analysis of variance or Kruskal-Wallis
H-test was used to compare the statistical differences of quantitative data, while Chi-square test or Fisher exact test was
used for categorical data. With regard to the analysis of the correlation between serum asprosin and other variables of the
patients, the Pearson correlation coefficient was calculated when the data met bivariate normal distribution; otherwise,
the Spearman correlation coefficient was calculated. Multivariate stepwise linear regression were used to analyze the
associations of SUA with age, duration of T2DM, SBP, DBP, BMI, TC, TG, LDL-C, HDL-C, FPG, HbAlc, AST, ALT,
Cre, ACR and eGFR. Univariate and multivariate logistic regression analyses were performed to identify factors
independently associated with DN in patients with T2DM. The multivariate logistic regression analysis used the
“enter” method (ie, simultaneous entry of all factors into the logistic regression equation), and odds ratios (ORs) and
95% confidence intervals (95% Cls) were calculated. Two models were used for the multivariate logistic regression
analyses: Model 1, without adjusted variable; Model 2, with adjusted for duration of diabetes mellitus, systolic blood
pressure, glycated hemoglobin, estimated glomerular filtration rate; Model 3, model 2 with additional adjustment for age,
BMI, triglycerides and ACEI/ARB drug use; sersum asprosin tertile 1, <295.4 pg/mL for total, <282.0 pg/mL for male
and <266.2 pg/mL for female; sersum asprosin tertile 2, 295.4-367.0 pg/mL for total, 282.0-315.6 pg/mL for male and
266.2-344.5 pg/mL for female; sersum asprosin tertile 3, >344.5 pg/mL for total, >315.6 pg/mL for male and >344.5 pg/
mL for female. P < 0.05 was considered statistically significant.

Results
Of the 498 patients with type 2 diabetes included in this study, 221 had microalbuminuria, 105 had macroalbuminuria,
and 172 had no evidence of any renal disease. To indicate covariates affecting the urinary albumin-to-creatinine ratio in
this study, patients were classified according to the presence or absence of microalbuminuria (30 < ACR < 300 mg/g) and
macroalbuminuria (ACR > 300 mg/g). SBP, ALT, TG, FPG, HbAlc, SUA, CRE, asprosin (P < 0.05) were significantly
higher in the microalbuminuria and macroalbuminuria groups than those without albuminuria (P < 0.05)), while eGFR (P
< 0.05) was significantly lower than in non-albuminuric participants, both male and female. BMI was significantly higher
in the microalbuminuria and macroalbuminuria groups in all and female (P < 0.05), there was no statistical difference in
BMI among male patients (P>0.05), but there was an increasing trend. Patients with microalbuminuria and macro-
albuminuria had longer disease duration and blood pressure than normal subjects. Additionally, subjects with micro-
albuminuria had a higher ratio of angiotensin-converting enzyme inhibitor (ACEI)/angiotensin II receptor blocker (ARB)
compared to participants without albuminuria. The detailed characteristics of the included patients are shown in Table 1.
Pearson correlation analysis showed that serum asprosin level was positively correlated with diastolic blood pressure
(DBP), BMI, triglycerides (TG), aspartate Aminotransferase (AST), alanine Aminotransferase (ALT), creatinine, and
ACR (P < 0.05), and negatively correlated with low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein
cholesterol (HDL-C), FPG, HbAlc, and eGFR (P < 0.05) (Table 2). In addition, in both male and female patients, the
level of asprosin was positively correlated with BMI, TG, AST, ACR, and creatinine (P < 0.05) and negatively correlated
with HDL-C and eGFR (P < 0.05). Specifically, in male patients, asprosin was positively correlated with ALT (P < 0.05),
and negatively correlated with FPG and HbAlc (P < 0.05) (Table 2). Multiple linear regression analysis (using the
stepwise method) revealed that BMI (positively), ACR (positively) and eGFR (negatively) were independently related to
asprosin in total, male and female with T2DM (P < 0.05) (Table 2). Multiple linear regression also indicated that asprosin
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Table | Comparison of the Clinical Characteristics of Patients with T2DM in the Community Between Those with DN and Those without DN

Characteristics Total Male Female

Normal Microalbuminuria Massive P for Normal Microalbuminuria Massive P for Normal (n=60) Microalbuminuria Massive P for

(n=172) (n=221) Albuminuria | Trend (n=112) (n=126) Albuminuria | Trend (n=95) Albuminuria Trend

(n=105) (n= 60) (n=45)

Age (y) 55+13 6014 60%13 0.005 5313 5714 57%13 0.020 59+11 6314 63%11 0.255
*Duration (y) 10 (3, 15) 11 (6, 17) 15 (9.5, 19) <0.01 8 (2 13) 11 (6, 16) 14 (7, 18.8) <0.01 12 (4.3, 18.8) 11 (5, 20) 16 (13, 20) 0.040
BMI, kg/cm? 25.6x3.7 26.3+4.3 26.9+4.0 0.009 25.8+3.7 26.9+4.2 26.9+4.0 0.055 25.3+3.8 25.5+4.3 27.0x4.1 0.044
SBP (mmHg) 130+17 136x17 144422 <0.01 12916 135+17 143+20 <0.01 132+19 138+18 14625 0.001
DBP (mmHg) 7911 8012 81kl 0.106 8010 8112 84+| 1 0.066 7711 7811 7910 0.484
*AST (IU/L) 18 (14, 23) 19 (14, 26) 17 (13, 22) 0.190 18 (15, 24) 18 (14, 25.3) 17 (13, 24) 0.328 18 (13, 21) 19 (14, 26) 17 (13, 21) 0411
*ALT (IU/L) 18 (14, 23) 19 (12, 31) 14 (11, 22.5) 0.034 20 (14, 33.5) 21 (13, 32.3) 17 (12.3, 26) 0.128 16 (12, 22) 16 (11, 27) 13 (9.5, 18.5) 0.219
*TG (mmol/L) 1.5(1.0,2.3) 1.7 (1.2, 2.5) 1.8 (1.1, 2.4) <0.01 1.5 (1.0, 2.3) 1.8 (1.2, 2.5) 1.7 (11.0, 2.3) <0.01 1.4 (1.0, 2.2) 1.6 (1.3, 2.4) 2.1 (1.4,27) 0.005
TC (mmol/L) 4.6£1.1 4513 4.9+1.2 0.066 4.6£1.0 44+1.4 4.8£1.0 0.452 4.6x1.1 4.7+1.1 5.1x1.4 0.072
HDL-C (mmol/L) 0.98+0.24 0.93+0.21 1.01£0.29 0.611 0.95+0.25 0.87+0.19 0.980.29 0.879 1.05£0.22 1.01£0.21 1.06+0.28 0.929
LDL-C (mmol/L) 2.72+0.8 2.59+0.90 2.85+0.81 0.386 2.74+0.73 2.46+0.82 2.82+0.72 0.921 2.68+0.94 2.75+0.97 2.9140.92 0.233
FPG (mmol/L) 8.3+3.0 8.7+3.1 9.5+3.1 0.002 8.5+3.3 8.8+3.0 9.5+3.2 0.049 8.0+2.7 8.6+3.2 9.5+2.9 0.009
PPG (mmol/L) 12.5+4.4 13.3+4.1 12.3+4.1 0.939 12.6+4.7 13.5+4.2 12.1+4.1 0.828 12.2+3.9 13.1£4.0 12.5+4.1 0.625
HbAlc (%) 8.8+22 9.2+2.0 9.4£22 0.040 9.0£2.3 9.3+2.0 9.3£22 0.262 8.7£1.8 9.2+2.0 9.4%2.1 0.043
SUA (pmol/L) 315.4+85.0 339.9+91.4 368.8+96.5 <0.01 334.4+87.3 355.2+89.4 384.5+98.1 0.001 279.9+68.1 319.6+£90.6 347.8+91.0 <0.01
* CRE (umol/L) 62 (53.3, 74.5) 66 (54, 79) 81 (62.5, 120) <0.01 67 (58, 78.8) 71 (61, 83.3) (67.5, 128) <0.01 52.5 (46, 60) 58 (47, 68) 67 (57.5, 98) <0.01
eGFR (mL/min/ 149.4+27.5 145.0+28.7 121.1+40 <0.01 140.7+21.8 136.1£23.2 I11.1£33.5 <0.01 165.6+29.9 156.9%31.1 13431443 <0.01
1.73 m?)
Asprosin (pg/mL) 314.2481.1 338.6+89.7 365.0+88.5 <0.01 332.6+81.7 352.8+86.7 377.9+85.0 <0.01 279.9+68.1 319.74£90.6 347.9+91.0 <0.01
ACEI/ARB n (%) 8 (4.7) 27 (12.2) 10 (9.5) 0.086 5 (4.5%) 16 (12.7) 7(11.7) 0.065 3(5) 11 (11.6) 3(11.6) 0.656

Note: *Kruskal-Wallis H-test.

Abbreviations: 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; SUA, serum uric acid; CRE, creatinine; eGFR, estimated

glomerular filtration rate; ACR, albumin-to-creatinine ratio; ACEI/ARB n, ACEI/ARB therapy.
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Table 2 Association Between Serum Asprosin

and Other Covariates

n Patients with Type 2 Diabetes

AR Total Male Female
Pearson Multiple Linear Pearson Multiple Linear Pearson Multiple Linear

Correlation Regression Correlation Regression Correlation Regression

r P Standardized § P r P Standardized B P r P Standardized B P
*Duration (y) —0.051 0.257 - - —0.018 0.756 - - —0.024 0.738 - -
Age (y) —0.015 0.739 - - 0.030 0.610 - - 0.032 0.655 - -
SBP (mmHg) 0.064 0.153 - - 0.110 0.058 - - 0.055 0.439 - -
DBP (mmHg) 0.123 0.006 - - 0.096 0.097 - - 0.089 0.210 - -
BMI (kg/m?) 0.304 <0.001 0.200 <0.001 0.307 <0.001 0.234 <0.001 0.272 0.000 0.224 0.001
TC (mmol/l) —0.028 0.536 - - —0.032 0.580 - - 0.025 0.720 - -
TG* (mmol/l) 0.314 0.000 0.116 0.005 0.265 <0.001 0.396 0.000 0.189 0.005
LDL-C (mmol/l) —0.097 0.030 —0.081 0.162 - - —0.089 0.212 - -
HDL-C (mmol/l) —0.187 <0.001 —0.086 0.035 —0.142 0.014 —0.152 0.032
FPG (mmol/l) —0.097 0.031 —0.109 0.007 —0.165 0.004 —0.147 0.005 —0.018 0.799 - -
HbAlc (%) —0.108 0.016 —0.163 0.005 —0.041 0.561 - -
AST* (IU/L) 0.192 <0.001 0.110 0.008 0.220 <0.001 0.139 0.012 0.165 0.019
ALT* (IU/L) 0.197 <0.001 0.188 0.001 0.130 0.067 - -
Scr* (umol/l) 0.384 <0.001 0.296 <0.001 0.391 0.000 0.217 0.043
ACR* (mg/g) 0.212 <0.001 0.109 0.011 0.208 <0.001 0.197 0.004 0.285 0.000 0.238 0.002
eGFR (mLU/min/1.73 m?) | —0.378 <0.001 —0.335 <0.001 -0.319 <0.001 —0.294 <0.001 —0.364 0.000 —0.492 <0.001

Note: *Spearman correlation analysis was used for skewness distribution.
Abbreviations: 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; HbA ¢, glycosylated haemoglobin; CRE, creatinine; eGFR, estimated glomerular filtration rate;

ACR, albumin-to-creatinine ratio.
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Table 3 Multiple Stepwise Logistic Regression Analysis of the Ratio of Serum Asprosin to Risk of
Diabetic Nephropathy

Tertile | Tertile 2 Tertile 3 P value for Trend
Model |
Total | 1.297 (0.836-2.012) 2.560 (1.592-4.116) <0.001
Male | 1.241 (0.557-2.765) 2.313 (1.275-4.195) 0.003
Female | 2.331 (1.139-4.770) 4.871 (2.126-11.163) <0.001
Model 2 <0.01
Total | 1.100 (0.669—-1.809) 2.010 (1.152-3.505) 0.002
Male | 0.848 (0.338-2.125) 1.785 (0.884-3.604) 0.028
Female | 2.189 (0.997-4.805) 3.748 (1.466-9.581) 0.001
Model 3 0.014
Total | 1.055 (0.636—1.751) 1.823 (1.026-3.238) 0.043
Male | 0.858 (0.341-2.163) 1.617 (0.789-3.314) 0.129
Female | 2.348 (1.028-5.366) 3.725 (1.419-9.779) 0.007

Notes: Data are presented as odds ratio (95% confidence interval) compared with tertile |. Participants without diabetic nephropathy
(DN) were defined as 0 and those with DN as |. Model I, without adjusted variable; Model 2, with adjusted for duration of diabetes
mellitus, systolic blood pressure, glycated hemoglobin, estimated glomerular filtration rate; Model 3, model 2 with additional
adjustment for age, BMI, triglycerides and ACEI/ARB drug use; sersum asprosin tertile |, <295.4 pg/mL for total, <282.0 pg/mL for
male and <266.2 pg/mL for female; sersum asprosin tertile 2, 295.4-367.0 pg/mL for total, 282.0-315.6 pg/mL for male and 266.2-344.5
pg/mL for female; sersum asprosin tertile 3, >344.5 pg/mL for total, >315.6 pg/mL for male and >344.5 pg/mL for female.

level was positively associated with AST (P < 0.05), and negatively correlated with FPG in total and male (P < 0.05) but
not female (P>0.05) (Table 2). Asprosin level was positively associated with TG in total and female (P < 0.05) but not
male (P>0.05) (Table 2).

Logistic regression analysis (using asprosin tertile 1 as the reference group) after adjustment for duration of diabetes
mellitus, systolic blood pressure, glycated hemoglobin, estimated glomerular filtration rate revealed that the odds of DN
were significantly increased for tertile 2 and tertile 3 in total patients, in male and in female (Table 3). After further
adjustment for age, BMI, triglycerides and ACEI/ARB drug use, asprosin tertiles were not associated with DN in male,
whereas the odds of DN remained significantly elevated for tertile 3 in female(Table 3). However, there appeared to be
trends toward increased odds of DN for tertile 2 and 3 in male (P value for trend= 0.129) (Table 3).

The prevalence of DN according to tertiles of asprosin. When all study participants were analyzed together, the prevalence of
DN increased progressively from the lowest asprosin tertile to the highest asprosin tertile (56.6%, 62.9% and 76.9%; P for trend
<0.001). Progressive increases in DN prevalence with increasing asprosin tertile (from lower to upper) were also observed in male
(48.3%, 53.7% and 68.3%; P for trend <0.001) and female (53.0%, 72.5% and 84.6%; P for trend <0.001).

Discussion

The aim of this retrospective cross-sectional study was to explore the association between new serum prognostic marker
asprosin and diabetic nephropathy in patients with type 2 diabetes mellitus in the community setting. Our results revealed
that patients with T2DM in the community was that asprosin was higher in the massive albuminuria group than in the
normal group and microalbuminuria group for both women and men. Serum asprosin level was positively correlated with
DBP, BMI, TG, AST, ALT, creatinine, and ACR, and negatively correlated with LDL-C, HDL-C, FPG, HbAlc, and
eGFR. Results of multiple stepwise logistic regression analysis showed that increased serum level of asprosin (upper
tertile) was the independent risk factor for diabetic nephropathy in T2DM patients, especially among female patients. To
the best of our knowledge, the present study is among the first clinical reports on asprosin in diabetic nephropathy, with
the additional advantage of a large sample size and community setting.

The comprehensive management of T2DM patients in the community is the key and weak link in the comprehensive
prevention and treatment of diabetes.'? The prevention and treatment of diabetic nephropathy requires early intervention on
the risk factors of diabetic nephropathy while controlling blood sugar, so as to minimize the risk of death. Few studies have
previously reported an association between elevated serum asprosin and T2DM,*® especially in community-based patients
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with type 2 diabetes. A community study involving 30 subjects with normal glucose tolerance, 42 T2DM patients without
diabetic nephropathy (DKD), and 33 T2DM patients with early DKD’ reported significantly increased ORs for early diabetic
nephropathy. Asprosin may be associated with diabetic microvascular complications. A recent study involving 212
hospitalized patients with T2DM reported an association between elevated serum asprosin concentrations and DN in logistic
regression analysis. The results obtained in this study after adjusting for covariates by analyzing community-based T2DM
patients by sex are consistent with previous reports showing that patients in the upper asprosin tertile had a significantly
increased risk of diabetic nephropathy. Furthermore, we found that elevated asprosin levels were associated with an increased
prevalence of DN. Despite a larger sample size, including a higher proportion of female patients and other variability
compared to previous studies, asprosin was associated with renal function, ACR persisted (=0.384, P<0.001 for creatinine;
r=0.212, P<0.001). 0.001 ACR). Circulating asprosin can be used as a novel serum biomarker for DN assessment.

The function of asprosin under physiological conditions, although not completely understood, seems to be opposite to that of
insulin, with low glucose levels (fasting) stimulating asprosin production and high levels (feeding condition) inhibiting it."* In
obese cases, insulin resistance or diabetes, asprosin levels are pathologically elevated, increasing appetite and disturbing the
energy homeostasis,*'* while administration of anti-asprosin antibodies can both normalize its concentration and reduce food
intake.” Accordingly, in the clinical setting asprosin was found to be negatively correlated with changes in blood glucose (r =
—0.502, P < 0.001) and changes in C-peptide (» = —0.467, P < 0.001) in individuals with normal glucose tolerance, but not in
T2DM patients.* Circulating asprosin levels were also found to be negatively correlated with eGFR (r=-0.311, P =0.007) and
positively correlated with ACR (r=0.345,P = 0.002),” as well as HbA 1¢c, FBG, TC, LDL-C, IL-6, and TNF-0. in T2DM patients.8
In the present study, the obtained results confirmed expected positive correlation links between serum asprosin and BMI, TG,
AST, ALT, creatinine, and ACR, negative links with LDL-C, HDL-C, FPG, HbAlc, and eGFR, among which creatinine and
eGFR had the strongest correlation coefficient. One of the less expected findings was the weak link between asprosin and DBP
(but not SBP), more prominent in male patients, which was also mentioned in the study by Deng et al® in T2DM and by Wang
et al'® in obese children who are insulin resistant. Those findings might be partly explained by the ability of asprosin to modulate
cardiac mitochondrial functions'® and the relationship between DBP and exercising in the conditions of cholesterolemia and
insulin resistance.'”'® Future studies should further explore the relationship between exercising and asprosin in T2DM.

It is important to note that asprosin circulation under physiological conditions as well as in T2DM has a distinct gender
characteristic.'*?® All previous studies have reported that plasma levels of asprosin are lower in women,*® while the link
between exercising effort and increase in asprosin is stronger.”’ The present study was undertaken in the community setting,
which allowed us to exclude some external factors and compare representative samples of male and female T2DM patients.
We found that although serum levels were lower in the female population, links to ACR and creatinine were more evident,
negative link to HbAlc was weak and insignificant (»=—0.041, P=0.561), while correlation links to ALT and AST were
present only in the male population. As there is a notable lack of studies focusing on gender differences and statistically
insignificant inclusion of female patients into recent asprosin studies, it is of essential importance to further explore these
differences and the relationship between asprosin and DN, specifically in the female population.

This study has certain limitations. First, this was a cross-sectional study that assessed asprosin in a nonuniform
manner at different points of time; thus, we did not discuss dynamic changes of serum asprosin level and the incidence of
diabetic nephropathy. Second, affected by factors such as region, sample size, population characteristics, etc, whether
there is a causal relationship between serum asprosin and DN needs to be confirmed by future prospective studies. Last,
physical activity and medication were not evaluated in this study, so the effect on asprosin could not be more clearly
reflected, which is also a limitation of this study.

Conclusion

Elevated serum asprosin was associated with the occurrence of diabetic nephropathy in community T2DM patients in
Changzhi City, Shanxi Province, and with the increase of serum asprosin level, the risk of diabetic nephropathy was
significantly increased, especially in women. It is suggested that asprosin may play a role in the occurrence and
development of diabetic nephropathy in T2DM patients. Therefore, serum asprosin level is expected to be a predictor
of early diagnosis of diabetic nephropathy, and future studies should consider the relationship between asprosin and DN
in female population.
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