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Abstract 

Background:  Asprosin, a newly identified adipokine, is pathologically increased in individuals with insulin resist-
ance. However, the available evidence on the association of asprosin and type 2 diabetes mellitus (T2DM) status is 
still scarce. Therefore, this study aimed to determine the relationship between serum concentrations of asprosin and 
T2DM status.

Methods:  This observational study was performed based on 194 adults (97 newly diagnosed T2DM and 97 healthy 
individuals). Anthropometric and biochemical variables were determined in all participants. Serum concentrations of 
asprosin were measured using enzyme-linked immunosorbent assay (ELISA).

Results:  In patients with T2DM, the serum concentrations of asprosin were significantly higher than the healthy con-
trols (4.18 [IQR: 4.4] vs. 3.5 [IQR: 1.85], P < 0.001). The concentrations of asprosin were significantly correlated with body 
mass index (BMI) and fasting blood glucose (FBG) in healthy subjects and with BMI, FBG, hemoglobin A1c (HbA1c), 
homeostatic model assessment of insulin resistance (HOMA-IR), and quantitative insulin check index (QUICKI), triacyl-
glycerol (TAG) and total cholesterol/high-density lipoprotein cholesterol (TC/HDL-C) ratio in the T2DM group. In fully 
adjusted model, the odds ratio (OR) of T2DM with serum concentrations of asprosin was approximately 1.547 (95% CI 
1.293–1.850, P < 0.001) compared to the control group. Multiple stepwise regression analysis indicated that FBG and 
HOMA-IR were independently associated with asprosin in T2DM.

Conclusion:  Our findings indicated that serum concentrations of asprosin are increased in patients with T2DM. Also, 
asprosin is correlated with insulin resistance and TC/HDL-C ratio (atherosclerotic risk factor of cardiovascular diseases) 
in patients with T2DM.
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Background
Obesity is a strong risk factor of type 2 diabetes mellitus 
(T2DM) [1]. The global growth of obesity largely explains 
the reason behind the dramatic increase in the incidence 
and prevalence of T2DM over the past 20  years [2]. 

However, the mechanisms that link these conditions are 
not fully understood [3]. Improving our knowledge about 
underlying mechanisms can lead to the identification and 
development of new treatment options.

Adipokines are cytokines secreted from adipose tis-
sue, which affect a broad spectrum of biological pro-
cesses [4–7]. Some of these adipokines, such as resistin 
and leptin, antagonize insulin function in peripheral tis-
sues, especially in the liver and skeletal muscles, which 
leads to insulin resistance [7–10]. In contrast, adiponec-
tin increases insulin sensitivity [11, 12]. The balance 
between adipokines is thought to play an important role 
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in regulating insulin sensitivity [13]. Asprosin, a new adi-
pokine, was identified in 2016 by Romere.et al. [14]. This 
adipokine is produced in response to starvation in adi-
pocytes due to the breakdown of the C-terminal domain 
of profibrillin [14]. Asprosin rapidly releases glucose 
from liver cells by activating the G protein-cAMP-PKA 
pathway [14]. The olfactory receptor (OLFR734) acts as 
a receptor for asprosin in hepatocytes and is involved in 
hepatic glucose production [15]. Olfr734 knockout mice 
have been shown a poor response to asprosin, low cAMP 
and glucose production, and increased insulin sensitiv-
ity [16]. Some studies have shown that serum concen-
tration of asprosin is associated with insulin sensitivity 
[15, 17–20]. Injection of recombinant asprosin increases 
glucose and causes hyperinsulinemia, while injection of 
anti-asprosin antibodies improves glucose tolerance and 
insulin resistance [14]. Elevated serum asprosin concen-
trations are pathophysiologically in patients with meta-
bolic syndrome [14]. The association between asprosin 
and T2DM has been investigated in some studies [19–
21]; however, for two major reasons, more evidence is 
needed to confirm the role of asprosin in the develop-
ment of T2DM. Firstly, ethnic variation usually affects 
adipokines concentrations. The results of studies carried 
out in different populations suggest that inconsistent 
results may be obtained when adipokines are examined 
in different populations [22–25]. Secondly, some of the 
contradictory results are observed regarding the correla-
tion of asprosin with lipid metabolism in previous studies 
[15, 20, 21].

Therefore, this observational study was designed to 
compare the serum concentration of asprosin in new-
onset T2DM patients with healthy subjects.

Materials and methods
Subjects
All participants of this observational study signed a 
consent form approved by the Ethics Committee of 
Sabzevar University of Medical Sciences (Code of Eth-
ics: IR.MEDSAB.REC.1398.39) before including to 
study. From August to December 2018, 97 newly diag-
nosed patients with T2DM (50 male and 47 female) 
were recruited from the Diabetes Center of Vasei Hos-
pital (Sabzevar, Iran). Over the same period, 97 healthy 
subjects with normal glucose tolerance (NGT) (50 male 
and 47 female) were selected as healthy controls in con-
sultation with a specialist physician. Inclusion criteria 
for the T2DM group were: having T2DM, no treatment 
for diabetes, including drugs that affect glucose toler-
ance and insulin release, dietary control, exercise therapy. 
Exclusion criteria were: obesity (BMI > 30 kg/m2), cancer, 
thyroid disorders, liver disease, infection, inflammation, 
pregnancy, hypertension, cardiovascular diseases, alcohol 

consumption, and smoking. Demographic information 
and lifestyle data were collected through a pre-designed 
questionnaire by face to face interview.

Diagnostic criteria
NGT and T2DM were diagnosed in 2014, accord-
ing to American Diabetes Association’s (ADA) recom-
mended criteria [26]. Subjects with fasting blood glucose 
(FBG) ≥ 126 mg/dL, or hemoglobin A1c (HbA1c) ≥ 6.5%, 
or oral  glucose tolerance test (OGTT) 2  h post-load 
plasma glucose ≥ 200  mg/dL were considered as T2DM 
patients. Subjects with FBG < 110  mg/dL, HbA1c < 5.7% 
and OGTT-2 h post-loading plasma glucose < 140 mg/dL 
were considered as the control group. Hypertension was 
defined as systolic blood pressure ≥ 140 mmHg or a dias-
tolic blood pressure ≥ 90 mmHg.

Anthropometric data collection
Body weight and height were measured by a trained 
nurse. Body mass index (BMI) (kg/m2) was calculated by 
dividing weight (kg) by height in squared meters (m2). 
Before each person’s blood pressure was measured, they 
rested for at least 10 min. Blood pressure was measured 
three times, and the mean of these values was considered 
as blood pressure.

Biochemical measurements
Blood samples were collected after at least 12  h over-
night fasting between 07:30 -08:30 a.m. Blood samples 
were transferred to the laboratory in serum separator 
tubes with clot activator in less than 2  h. Glucose, tria-
cylglycerol (TAG), total cholesterol (TC) were measured 
using enzymatic assays (Pars Azmoon, Tehran, Iran), and 
high-density lipoprotein cholesterol (HDL-C) concentra-
tion was measured using a direct method (Pars Azmoon, 
Tehran, Iran). Low-density lipoprotein cholesterol (LDL-
C) concentration was calculated using the Friedewald 
formula [27]. Insulin was assessed using enzyme-linked 
immunosorbent assay (ELISA) kit (monobind Inc., USA). 
HbA1c concentration was measured using standard 
methods by PishtazTeb kit. Sera were stored at − 80  °C 
until subsequent analysis. The homeostatic model assess-
ment of insulin resistance (HOMA-IR), HOMA-β, 
HOMA-S and quantitative insulin check index (QUICKI) 
were used as insulin resistance and insulin sensitivity 
indices, respectively. These indices were calculated using 
HOMA2-calculator (available at https​://www.dtu.ox.ac.
uk/homac​alcul​ator/) and QUICKI calculator online soft-
ware (available at https​://www.mdapp​.co/insul​in-sensi​
tivit​y-quick​i-calcu​lator​-324/).

https://www.dtu.ox.ac.uk/homacalculator/
https://www.dtu.ox.ac.uk/homacalculator/
https://www.mdapp.co/insulin-sensitivity-quicki-calculator-324/
https://www.mdapp.co/insulin-sensitivity-quicki-calculator-324/
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Assessment of serum asprosin concentrations
Serum asprosin concentrations were determined by a 
commercial enzyme-linked immunosorbent (ELISA) 
kit according to the manufactures instructions (Cat. No: 
CK-E91570; EASTBIOPHARM, China). The intra-assay 
coefficient of variation was < 10%, and the interassay coef-
ficient of variation was < 12%.

Statistical analysis
All statistical analyses were conducted by SPSS software 
version 23.0 (IBM, Armonk, NY). The distribution of the 
data was tested by the Shapiro–Wilk test. Mann–Whit-
ney and t test were used to compare the continuous dif-
ference variables between groups. A Chi squared test 
was applied for comparing categorical variables between 
groups. The participants were divided into three groups 
based on asprosin concentration with cutoff 3  ng/mL, 
and analysis of variance (ANOVA) was performed for 
group comparison. Correlation between different vari-
ables and asprosin concentrations was tested using 
Spearman correlation coefficient. Multivariate logis-
tic regression analysis was used to analyze the asso-
ciation between serum concentrations of asprosin and 
T2DM. Moreover, linear stepwise regression model has 
applied to develop a model based on potential predictor 
variables. P values < 0.05 were regarded as statistically 
significant.

Results
General characteristics of individuals
The clinical parameters of the 194 participants are shown 
in Table 1. FBG, HbA1c, TAG, LDL-C and fasting insu-
lin concentrations, LDL-C/HDL-C and TC/HDL-C ratio 
and HOMA-IR were significantly higher in patients 
with T2DM than in the control group. However, HDL-C 
concentration, HOMA-β, HOMA-S and QUICKI were 
significantly lower in patients with T2DM compared to 
the control group. There was no significant difference 
between TC in the two groups (Table 1). Moreover, the 
asprosin concentration was not significantly different 
between men and women within each group and between 
patients with T2DM and control group (P > 0.05). The 
serum concentration of asprosin was significantly higher 
in T2DM patients compared to healthy controls (Fig. 1).

Asprosin concentration and clinical parameters
Spearman correlation analysis showed that in the con-
trol group, serum concentrations of asprosin were sig-
nificantly correlated with BMI (r = 0.454, P < 0.001) 
and FBG (r = 0.720, P < 0.001) (Table  2). In the T2DM 
group, asprosin was positively correlated with BMI 
(r = 0.285, P < 0.01), FBG (r = 0.875, P < 0.001), HbA1c 

Table 1  Clinical characteristics of  194 participants in  this 
study. There is a significant increase in parameters related 
to  T2DM which confirms the  state of  disease and  health 
of control group

BMI body mass index; HOMA-IR homeostatic model assessment of insulin 
resistance, QUICKI quantitative insulin check index

* Data normally distributed are shown as mean ± SD. Independent sample t test 
was perofrmed
#  Data with skewed distribution are shown as median (IQR). Mann–Whitney U 
test was performed

Parameter Control T2DM P-value

N 97 97 –

Sex (M/F) 50/47 50/47 –

Age (year)# 52 (10) 54 (7) 0.290

BMI (kg/m2)# 26.66 (3.01) 27 (3.27) 0.272

FBG (mg/dL)# 88.5 (15.0) 150 (69) < 0.001

HbA1c (%)# 5.2 (0.6) 7.3 (1.92) < 0.001

Insulin (mIU/L)# 5.35 (4.13) 11.77 (5.3) < 0.001

HOMA-IR# 0.68 (0.51) 1.79 (0.75) < 0.001

HOMA-β# 80.55 (39.15) 38.90 (41.20) < 0.001

HOMA-S# 145.9 (108.02) 55.10 (24.50) < 0.001

QUICKI# 0.38 (0.04) 0.30 (.03) < 0.001

TC (mg/dL)* 197.21 ± 39.1 193.75 ± 43.51 0.72

TAG (mg/dL)# 137.50 (66) 182 (151) < 0.001

HDL-C (mg/dL)# 54 (16) 40 (8) < 0.001

LDL-C (mg/dL)# 96 (27) 143 (43) < 0.001

LDL-C/HDL-C# 1.96 (0.54) 3.57 (1.00) < 0.001

TC/HDL-C# 3.75 (0.87) 4.84 (1.39) < 0.001

TAG/HDL-C# 3.56 (1.72) 3.88 (2.45) 0.626

Asprosin (ng/mL)* 3.50 (1.85) 4.18 (4.4) < 0.001

Fig. 1  Serum concentration of asprosin in control and T2DM groups. 
Data shows there is a significant increase in the serum concentrations 
of asprosin in T2DM patients in comparison to the control group (3.50 
[IQR 1.85] vs. 4.18 [IQR 4.4], P value < 0.001)
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(r = 0.746, P < 0.001), HOMA-IR (r = 0.214, P = 0.039), 
TAG (r = 0.254, P = 0.015) and TC/HDL-C (r = 0.214, 
P = 0.044). Moreover, asprosin was negatively cor-
related with HOMA-β (r = − 0.567, P < 0.001) and 
QUICKI (r = − 0.522, P < 0.001) in the T2DM group 
(Table 2 and Fig. 2).

The results of the stepwise regression model are pre-
sented in Table  3. Results of possible clinical param-
eters (BMI, HOMA-β, HOMA-S, QUICKI, HbA1c, 
TAG, TC, insulin, LDL-C, HDL-C, LDL-C/HDL-C, TC/
HDL-C, and TAG/HDL-C) effect on asprosin indicated 
that FBG and HOMA-IR independently associated with 
serum concentrations of asprosin in T2DM.

Serum concentrations of asprosin and T2DM
All subjects were divided into tertiles based on serum 
concentrations of asprosin (T1: < 3  ng/mL, T2: 3–6  ng/
mL and T3: > 6  ng/mL). The clinical parameters for 
each category are listed in Table  4. Parameters such as 
BMI, FBG, HbA1c, fasting insulin, TAG, HDL-C, TAG/
HDL-C, and HOMA-IR increased in correspondence 
to tertiles. Parameters such as HOMA-β, HOMA-S and 

QUICKI decreased in correspondence to tertiles. The 
trend Chi square test showed that the number of T2DM 
patients increased with elevation of asprosin concen-
trations among the tertiles (Fig.  3). Only patients with 
T2DM were placed in the third tertile.

As shown in Table 5, in crude logistic regression model 
(model 1), OR = 1.547 (95% CI 1.293–1.850, P < 0.001) 
was observed for T2DM prevalence. The OR of T2DM, 
when adjusted for age, sex and BMI (model 2), was still 
significant [1.544 (95% CI 1.277, 1.867, P < 0.001)]. In 
model 3, when adjusted for age, sex, BMI and lipid pro-
file (TAG, HDL-C, LDL-C, LDL-C, HDL-C, choles-
terol/HDL-C) that may affect asprosin concentrations, 
OR = 1.332 (95% CI 0.903–1.963, P = 0.148) was lower 
for the T2DM prevalence compared to the second model, 
and it was not statistically significant (Table 5).

Discussion
To the best of our knowledge, this is the first study on the 
association between serum concentrations of asprosin 
and lipid ratio used to predict the risk of cardiovascu-
lar disease in patients with T2DM. Also, our study adds 
to the limited available evidence on the association of 
asprosin and T2DM status.

We observed serum concentrations of asprosin in 
patients with T2DM are significantly higher than healthy 
controls. There was a positive and significant correlation 
between asprosin and FBG, HbA1c, TAG, HOMA-IR and 
TC/HDL-C ratio in T2DM patients. Also, serum concen-
trations of asprosin in subjects with T2DM were negatively 
and significantly correlated with QUICKI, HOMA-β, and 
HOMA-S. We found that regardless the T2DM situation, 
subjects with higher BMI had higher concentrations of 
asprosin compared to individuals with lower BMI.

Interpretation of results
In the present study, serum concentrations of asprosin 
in patients with T2DM were significantly higher than 
healthy controls. Also, while subjects were divided into 
tertiles, the number of T2DM patients increased in har-
mony with tertiles. These findings are in agreement with 
the results of Zhang et al. study [20]. In our study, the OR 
value for T2DM prevalence was 1.547 (95% CI 1.293–
1.850), indicated that 1  ng/L increase in asprosin con-
centration was associated with 55% increase in T2DM 
prevalence. However, the OR calculated in our study 
was lower than that of Zhang’s study [1.547 (95% CI 
1.293–1.850) vs. 3.278 (95% CI 1.053–10.200)]. This dif-
ference is likely to be related to the statistical analysis as 
we used the control group as the reference group to cal-
culate OR, while in Zhang’s study, individuals with serum 
concentrations of asprosin in the T1 range were used as 
a baseline to calculate OR. The concentration of asprosin 

Table 2  Spearman correlation analysis between  possible 
affecting factors and  asprosin concentrations in  control 
and T2DM groups

Our analysis showed BMI, FBG and, HOMA-β were significantly correlated with 
the asprosin concentration in both groups. We also found that only in T2DM 
patient HbA1C, HOMA-IR, QUICKI, TAG and TC/HDL-C are in correlation with 
asprosin in serum

BMI body mass index, FBG fasting blood sugar, HbA1c hemoglobin A1c, 
TC total cholesterol, TAG​ triacylglycerol, HDL-C HDL cholesterol, LDL-C LDL 
cholesterol, HOMA-IR homeostatic model assessment of insulin resistance, 
HOMA-β, QUICKI quantitative insulin sensitivity check index and triacylglycerol 
(TAG) and total cholesterol/HDL cholesterol (TC/HDL-C) ratio

Parameter Control T2DM

r p r p

Age (year) 0.139 0.175 − 0.116 0.269

BMI (mg/k2) 0.454** < 0.001 0.285** 0.006

FBG (mg/dL) 0.720** < 0.001 0.875** < 0.001

HbA1c (%) − 0.076 0.462 0.746** < 0.001

Insulin (mIU/L) − 0.139 0.174 − 0.079 0.454

HOMA-IR − 0.082 0.422 0.214* 0.039

HOMA-β − 0.574** < 0.001 − 0.567** < 0.001

HOMA-S 0.051 0.621 − 0.135 0.198

QUICKI − 0.117 0.255 − 0.522** < 0.001

TC (mg/dL) 0.041 0.691 0.142 0.178

TAG (mg/dL) 0.036 0.729 0.254* 0.015

HDL-C (mg/dL) 0.121 0.239 0.060 0.580

LDL-C (mg/dL) 0.139 0.175 0.074 0.488

LDL-C/HDL-C 0.064 0.537 0.065 0.544

TC/HDL-C − 0.059 0.564 0.214* 0.044

TAG/HDL-C 0.030 0.774 0.205 0.054
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measured in this study is close to reported concentration 
by Zhang’s study but different than Wang et al. study [19, 
20]. Factors that may affect asprosin concentration have 
not yet been identified. But it may be due to differences 
in diet and lifestyle [28, 29].

In our study, there was a significant negative correla-
tion between asprosin and HOMA-β and QUICKI in 
T2DM patients and positive correlation with HOMA-IR. 
Similar results were reported by Zhang et al. [21].

There was a significant relationship between serum 
concentrations of asprosin and BMI in both T2DM 
patients and healthy controls. However, the relationship 

between asprosin and BMI was not clear. Zhang et  al. 
reported that serum concentrations of asprosin were 
significantly correlated with adiposity-related param-
eters such as BMI, waist circumference and waist-hip 
ratio in T2DM, but in non-diabetic subjects, no signifi-
cant relationship was found between asprosin and these 
parameters. However, in their study, there was a weak 
positive association between asprosin and BMI in the 
healthy group [20]. Wang et  al. reported that asprosin 
had a significant weak correlation with WC (r = 0.185, 
P value = 0.027), however they did not find any sig-
nificant correlation between asprosin concentration 

Fig. 2  Correlation matrix, scatter plot, and histogram of BMI, FBG, HbA1c, HOMA-IR, HOMA-β, and QUICKI, TAG and TC/HDL-C ratio in the T2DM 
group

Table 3  Multiple stepwise regression analysis: independent factors associated with serum asprosin concentrations

FBG fasting blood sugar, HOMA-IR homeostatic model assessment of insulin resistance

Independent factors β (unstandardized 
coefficient)

Std. error t P-value 95.0% confidence interval for β

Lower Bound Upper Bound

Constant 0.206 0.034 6.038  < 0.001 0.138 0.274

FBG (mg/dL) 0.003 0.000 13.738 <0.001 0.002 0.003

HOMA-IR − 0.015 0.003 − 4.703 <0.001 − 0.021 − 0.008
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and WHR (r = 0.002, P value = 0.983), nor with BMI 
(r = 0.097, P value = 0.249) [19]. Therefore, further 
studies are needed to investigate the association 
between obesity-related parameters and serum concen-
trations of asprosin.

Our results showed that asprosin was significantly cor-
related with serum TAG concentration and TC/HDL-C 
ratio in T2DM patients, but there was no significant rela-
tionship between TAG concentration and TC/HDL-C 
ratio in healthy subjects. The TC/HDL-C ratio is used to 
predict the risk of ischemic heart disease [30]. Accord-
ing to prospective studies, increased TC/HDL-C ratio is 
associated with a higher risk of cardiovascular disease 
[31]. Regarding the extreme prevalence of the cardiovas-
cular disease in patients with T2DM [32], further studies 
are recommended to determine the association between 
asprosin and the risk of cardiovascular disease develop-
ment. Contrary to Zhang et  al. study [20], we did not 
observe a relationship between asprosin and HDL-C con-
centrations in both groups.

Biological plausibility
The association between asprosin and insulin resistance 
has been shown in previous studies [18, 20, 21]. Also, 
Lee et  al. suggest the role of asprosin in the deteriora-
tion of pancreatic function as a fundamental pathophysi-
ological mechanism in T2DM. They treated MIN6 cells 
and primary human islets with recombinant asprosin 
and showed that asprosin in a dose-dependent manner 
induced inflammatory response, cellular dysfunction, 
and apoptosis in these cells [33]. Moreover, changes in 
lipid metabolism may also be due to insulin resistance 
induction in the liver [34]. Several studies have shown 
that insulin modulates the metabolism of TAG by mecha-
nisms such as activating or inactivating metabolic path-
ways enzymes or altering gene expression [34].

Limitations
Finally, our study has several limitations. The sample 
size was relatively limited and the findings of this study 
required to confirm in other ethnicities. Our observa-
tional design had limited capability to address the under-
lying signaling pathways. We were unable to investigate 

Table 4  Distribution of clinical parameters of participants 
in  different tertiles based on  serum concentrations 
of asprosin in all subjects

Data are shown as median (IQR). Kruskal–Wallis was performed. One way ANOVA 
test was performed for TC

BMI body mass index, FBG fasting blood sugar, HbA1c hemoglobin A1c, 
TC total cholesterol, TAG​ triacylglycerol, HDL-C HDL cholesterol, LDL-C LDL 
cholesterol, HOMA-IR homeostatic model assessment of insulin resistance, 
HOMA-β, QUICKI quantitative insulin sensitivity check index, triacylglycerol (TAG) 
and total cholesterol/HDL cholesterol (TC/HDL-C) ratio

Variable T1 T2 T3 P-value

Asprosin (ng/mL) 2.18 (0.4) 3.65 (1.58) 8.04 (1.74) < 0.001

Age (year) 53 (13) 52 (8) 53 (8) 0.822

BMI (kg/m2) 25.79 (1.82) 26.75 (3) 28.38 (2.98) < 0.001

FBG (mg/dL) 83.5 (15) 100 (36) 209 (83) < 0.001

Insulin (mIU/L) 7.7 (5.01) 7.5 (5.45) 10.55 (4.18) < 0.001

HbA1c (%) 5.50 (0.7) 5.73 (1.72) 8.99 (2.09) < 0.001

TC (mg/dL) 198.5 (61) 194 (63) 197 (41) 0.403

TAG (mg/dL) 136 (87) 153 (79) 223 (145) < 0.001

HDL-C (mg/dL) 42.5 (18) 43 (15) 52 (17) < 0.001

LDL-C (mg/dL) 124.5 (49) 125 (56) 96 (21) 0.002

LDL-C/HDL-C 3.11 (1.69) 2.85 (1.74) 2.04 (0.4) < 0.001

TC/HDL-C 4.65 (2.06) 4.19 (1.43) 3.98 (0.64) 0.052

TAG/HDL-C 3.56 (2.26) 3.52 (1.74) 4.41 (3.85) 0.041

HOMA-IR 0.99 (0.76) 0.99 (0.86) 1.83 (0.75) < 0.001

HOMA-β 87 (54.92) 64.85 (32.32) 25.4 (19.50) < 0.001

HOMA-S 99.85 (93.12) 101.2 (97.85) 54.60 (20.75) < 0.001

QUICKI 0.36 (0.05) 0.35 (0.06) 0.29 (0.01) < 0.001

Fig. 3  Number of individuals present in each tertile. Most of our 
study population was situated in T1 and T2s. However, the number of 
T2DM patients was higher and T2 and T3 in comparison to T1. Most of 
the control was placed in T2. The most interesting result is that there 
are only T2DM patients on the T3

Table 5  ORs and 95% CIs for T2DM risk according to serum 
asprosin levels

The adjusted model for potential variables. Model 1 is the crude model. Model 
2 is adjusted for age, BMI and, gender. Model 3 is based on model 2 but further 
adjusted for TAG, HDL-C, LDL-C, LDL-C/HDL-C and also cholesterol/HDL-C

OR (95% CI)

Control (reference) T2DM

Model 1 P-value 1 1.547 (1.293–1.850)
< 0.001

Model 2 P-value 1 1.544 (1.277–1.867)
< 0.001

Model 3 P-value 1 1.332 (0.903–1.963)
0.148
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the effect of other factors that may have an impact on 
asprosin secretion, such as diet and physical activity. 
Also, we used BMI as the only adiposity index to examine 
the relationship between the asprosin and obesity and the 
correlation with other indexes were not investigated.

Conclusion
We found serum concentrations of asprosin were signifi-
cantly higher in patients with newly diagnosed T2DM. 
The serum concentration of asprosin was positively cor-
related with FBG, HbA1c, TAG, insulin resistance indi-
ces (HOMA-IR) and CVDs risk factor (TC/HDL-C) and 
was negatively correlated with insulin sensitivity indices 
(HOMA-S, and QUICKI) in T2DM patients. Therefore, 
it seems asprosin is correlated with the metabolism of 
glucose and lipids and insulin resistance in patients with 
T2DM. Based on these results and findings of previous 
studies, asprosin could affect glucose and lipids metabo-
lism; therefore, asprosin could have an important role in 
therapeutic or diagnostic goals for diabetes. We observed 
that although BMI was similar between the two groups, 
asprosin concentration was higher in patients with 
T2DM. This finding suggested that asprosin regulation 
is abnormal in patients with T2DM. However, further 
studies on other populations with larger sizes are recom-
mended to confirm this hypothesis and other potential 
mechanisms.

Acknowledgements
This study was supported by Sabzevar University of Medical Sciences. We are 
grateful to all the individuals who participated in this study.

Authors’ contributions
All of the authors contributed to the design of the study. ShN, MN collected 
the samples and wrote the first draft. MZ analyzed the samples and revised 
the first draft. AG, MRB analyzed the data and revised the first draft. HH, MM 
designed the study and revised the manuscript and analyzed the data. All 
authors read and approved the final manuscript.

Funding
None.

Availability of data and materials
None.

Ethics approval and consent to participate
All participants of this observational study signed consent form approved by 
the Ethics Committee of Sabzevar University of Medical Sciences (Code of 
Ethics: IR.MEDSAB.REC.1398.39) before including to study.

Consent for publication
None.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Bitechnology, Sabzevar Branch, Islamic Azad University 
of Sabzevar, Sabzevar, Iran. 2 Cellular and Molecular Research Center, Sabzevar 
University of Medical Sciences, Sabzevar, Iran. 3 Department of Physical Educa-
tion and Sport Science, Faculty of Human Science, University of Neyshabour, 
Neyshabour, Iran. 4 Pharmaceutical Sciences and Cosmetic Products Research 

Center, Kerman University of Medical Sciences, Kerman, Iran. 5 Non‑Communi-
cable Diseases Research Center, Department of Environmental Health, School 
of Public Health, Sabzevar University of Medical Sciences, Sabzevar, Iran. 

Received: 25 February 2020   Accepted: 26 June 2020

References
	1.	 Wang Y, Rimm EB, Stampfer MJ, Willett WC, Hu FB. Comparison of 

abdominal adiposity and overall obesity in predicting risk of type 2 
diabetes among men. Am J Clin Nutr. 2005;81(3):555–63.

	2.	 Chen L, Magliano DJ, Zimmet PZ. The worldwide epidemiology of type 2 
diabetes mellitus—present and future perspectives. Nat Rev Endocrinol. 
2011;8(4):228–36.

	3.	 Eckel RH, Kahn SE, Ferrannini E, Goldfine AB, Nathan DM, Schwartz MW, 
et al. Obesity and type 2 diabetes: what can be unified and what needs 
to be individualized? J Clin Endocrinol Metab. 2011;96(6):1654–63.

	4.	 Shi J, Fan J, Su Q, Yang Z. Cytokines and abnormal glucose and lipid 
metabolism. Front Endocrinol. 2019;10:703.

	5.	 Arabi YM, Jawdat D, Al-Dorzi HM, Tamim H, Tamimi W, Bouchama A, et al. 
Leptin, ghrelin, and leptin/ghrelin ratio in critically Ill patients. Nutrients. 
2019;12(1):36.

	6.	 Guguen C, Launois C, Dormoy V, Dewolf M, Dumazet A, Dury S, et al. 
Obesity and asthma: mechanisms and therapeutic options. Revue Des 
Maladies Respir. 2019;37:134–43.

	7.	 Frithioff-Bøjsøe C, Lund MAV, Lausten-Thomsen U, Hedley PL, Pedersen 
O, Christiansen M, et al. Leptin, adiponectin, and their ratio as mark-
ers of insulin resistance and cardiometabolic risk in childhood obesity. 
2020;21(2):194–202.

	8.	 de Carvalho MH, Colaco AL, Fortes ZB. Cytokines, endothelial dysfunc-
tion, and insulin resistance. Arquivos Brasileiros Endocrinol Metabol. 
2006;50(2):304–12.

	9.	 Bawah AT, Seini MM, Abaka-Yawason A, Alidu H, Nanga S. Leptin, resistin 
and visfatin as useful predictors of gestational diabetes mellitus. Lipids 
Health Dis. 2019;18(1):221.

	10.	 Alavirafiee T, Vaezi M, Taheri R, Marvi E, Khosrorad RJAS. The effectiveness 
of educational parenting skills on mothers’ self-esteem. Astra Salvensis. 
2018;2018(Suppelement 1):25–32.

	11.	 Antuna-Puente B, Feve B, Fellahi S, Bastard JP. Adipokines: the missing link 
between insulin resistance and obesity. Diabetes Metab. 2008;34(1):2–11.

	12.	 Lihn AS, Pedersen SB, Richelsen B. Adiponectin: action, regulation and 
association to insulin sensitivity. Obes Rev. 2005;6(1):13–21.

	13.	 Arner P. Insulin resistance in type 2 diabetes—role of the adipokines. Curr 
Mol Med. 2005;5(3):333–9.

	14.	 Romere C, Duerrschmid C, Bournat J, Constable P, Jain M, Xia F, 
et al. Asprosin, a fasting-induced glucogenic protein hormone. Cell. 
2016;165(3):566–79.

	15.	 Li X, Liao M, Shen R, Zhang L, Hu H, Wu J, et al. Plasma asprosin levels 
are associated with glucose metabolism, lipid, and sex hormone 
profiles in females with metabolic-related diseases. Mediat Inflamm. 
2018;2018:7375294.

	16.	 Li E, Shan H, Chen L, Long A, Zhang Y, Liu Y, et al. OLFR734 mediates glu-
cose metabolism as a receptor of asprosin. Cell Metab. 2019;30(2):319–28.

	17.	 Wang M, Yin C, Wang L, Liu Y, Li H, Li M, et al. Serum asprosin concentra-
tions are increased and associated with insulin resistance in children with 
obesity. Ann Nutr Metab. 2019;75:205–12.

	18.	 Groener JB, Valkanou A, Kender Z, Pfeiffenberger J, Kihm L, Fleming T, 
et al. Asprosin response in hypoglycemia is not related to hypoglycemia 
unawareness but rather to insulin resistance in type 1 diabetes. PLoS 
ONE. 2019;14(9):e0222771.

	19.	 Wang Y, Qu H, Xiong X, Qiu Y, Liao Y, Chen Y, et al. Plasma asprosin con-
centrations are increased in individuals with glucose dysregulation and 
correlated with insulin resistance and first-phase insulin secretion. Mediat 
inflamm. 2018;2018:9471583.

	20.	 Zhang L, Chen C, Zhou N, Fu Y, Cheng X. Circulating asprosin concen-
trations are increased in type 2 diabetes mellitus and independently 
associated with fasting glucose and triglyceride. Int J Clin Chem. 
2019;489:183–8.



Page 8 of 8Naiemian et al. Diabetol Metab Syndr           (2020) 12:65 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your research ?  Choose BMC and benefit from: 

	21.	 Zhang X, Jiang H, Ma X, Wu H. Increased serum level and impaired 
response to glucose fluctuation of asprosin is associated with type 2 
diabetes mellitus. J Diabetes Investig. 2019;11:349–55.

	22.	 Meshkini M, Alaei-Shahmiri F, Mamotte C, Dantas J. Ethnic variations in 
adiponectin levels and its association with age, gender, body composi-
tion and diet: differences between Iranians, Indians and Europeans living 
in Australia. J Immigr Minor Health. 2018;20(6):1362–72.

	23.	 Khan UI, Wang D, Sowers MR, Mancuso P, Everson-Rose SA, Scherer PE, 
et al. Race-ethnic differences in adipokine levels: the Study of Women’s 
Health Across the Nation (SWAN). Metab Clin Exp. 2012;61(9):1261–9.

	24.	 Gajewska J, Weker H, Ambroszkiewicz J, Szamotulska K, Chelchowska M, 
Franek E, et al. Alterations in markers of bone metabolism and adipokines 
following a 3-month lifestyle intervention induced weight loss in obese 
prepubertal children. Exp Clin Endocrinol Diabetes. 2013;121(8):498–504.

	25.	 Monzillo LU, Hamdy O, Horton ES, Ledbury S, Mullooly C, Jarema C, et al. 
Effect of lifestyle modification on adipokine levels in obese subjects with 
insulin resistance. Obes Res. 2003;11(9):1048–54.

	26.	 American Diabetes Association. Standards of medical care in diabe-
tes—2014. Diabetes Care. 2014;37(1):S14–80.

	27.	 Razi F, Forouzanfar K, Bandarian F, Nasli-Esfahani E. LDL-cholesterol meas-
urement in diabetic type 2 patients: a comparison between direct assay 
and popular equations. J Diab Metab Disord. 2017;16:43.

	28.	 Kashino I, Nanri A, Kurotani K, Akter S, Yasuda K, Sato M, et al. Association 
of dietary patterns with serum adipokines among Japanese: a cross-
sectional study. Nutr J. 2015;14:58.

	29.	 Pham NM, Nanri A, Yasuda K, Kurotani K, Kuwahara K, Akter S, et al. Habit-
ual consumption of coffee and green tea in relation to serum adipokines: 
a cross-sectional study. Eur J Nutr. 2015;54(2):205–14.

	30.	 Lemieux I, Lamarche B, Couillard C, Pascot A, Cantin B, Bergeron J, et al. 
Total cholesterol/HDL cholesterol ratio vs LDL cholesterol/HDL choles-
terol ratio as indices of ischemic heart disease risk in men: the Quebec 
Cardiovascular Study. Archiv Intern Med. 2001;161(22):2685–92.

	31.	 Quispe R, Elshazly MB, Zhao D, et al. Total cholesterol/HDL-cholesterol 
ratio discordance with LDL-cholesterol and non-HDL-cholesterol and 
incidence of atherosclerotic cardiovascular disease in primary prevention: 
the ARIC study [published online ahead of print, 2019 Jul 10]. Eur J Prev 
Cardiol. 2019. https​://doi.org/10.1177/20474​87319​86240​1

	32.	 Einarson TR, Acs A, Ludwig C, Panton UH. Prevalence of cardiovascular 
disease in type 2 diabetes: a systematic literature review of scientific 
evidence from across the world in 2007–2017. Cardiovasc Diabetol. 
2018;17(1):83.

	33.	 Lee T, Yun S, Jeong JH, Jung TW. Asprosin impairs insulin secretion in 
response to glucose and viability through TLR4/JNK-mediated inflamma-
tion. Mol Cell Endocrinol. 2019;486:96–104.

	34.	 Santoleri D, Titchenell PM. Resolving the paradox of hepatic insulin resist-
ance. Cell Mol Gastroenterol Hepatol. 2019;7(2):447–56.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1177/2047487319862401

	Serum concentration of asprosin in new-onset type 2 diabetes
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Materials and methods
	Subjects
	Diagnostic criteria
	Anthropometric data collection
	Biochemical measurements
	Assessment of serum asprosin concentrations
	Statistical analysis

	Results
	General characteristics of individuals
	Asprosin concentration and clinical parameters
	Serum concentrations of asprosin and T2DM

	Discussion
	Interpretation of results
	Biological plausibility
	Limitations

	Conclusion
	Acknowledgements
	References




