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Background: Asialoglycoprotein receptor 1 (ASGR1) deficiency has been implicated in enhancing liver insulin sensitivity and 
reducing systemic insulin resistance, thus highlighting its pivotal role in glucose metabolism. However, the association between serum 
soluble asialoglycoprotein receptor 1 (sASGR1) and type 2 diabetes mellitus (T2DM) remains elusive. Therefore, we conducted 
a study to delve into this association.
Methods: From July to October 2024, 220 newly diagnosed T2DM patients and an equal number of matched controls with normal 
glucose tolerance (NGT) were enrolled. Serum sASGR1 levels were quantified using ELISA, and the carotid artery and liver were 
assessed with ultrasound imaging.
Results: The median serum sASGR1 level was significantly higher in the T2DM group (6.58 ng/mL) compared to the NGT group 
(5.26 ng/mL). Notably, no significant difference in sASGR1 levels was observed between individuals with and without carotid 
atherosclerosis or fatty liver. In the NGT group, sASGR1 levels exhibited a positive correlation with high-sensitivity C-reactive protein 
(hs-CRP) and interleukin-6 (IL-6). Among T2DM patients, sASGR1 levels were positively associated with estimated glomerular 
filtration rate (eGFR), insulin resistance (as measured by HOMA-IR), triglycerides (TG), and hs-CRP, but negatively associated with 
creatinine (Cr). The linear regression analysis identified Cr as an independent negative factor and hs-CRP as an independent positive 
factor of serum sASGR1 levels. Logistic regression analysis indicated that the highest sASGR1 group had significantly higher odds of 
developing T2DM compared to the lowest group, even after adjusting for potential confounders. However, this significance was 
attenuated after further adjustment for hs-CRP. The area under the receiver operating characteristic (ROC) curve for sASGR1 was 
0.610.
Conclusion: Serum sASGR1 levels are elevated in newly diagnosed T2DM patients and correlate positively with hs-CRP. However, 
sASGR1 demonstrates limited predictive value for the onset of T2DM. Further research is warranted to explore the potential role of 
sASGR1 in renal function, blood lipids, liver health, and arteriosclerosis.
Keywords: asialoglycoprotein receptor 1, type 2 diabetes mellitus, high- sensitive C-reactive protein, clinical diabetes, serum level 
assessment

Introduction
Type 2 Diabetes Mellitus (T2DM), distinguished by insulin resistance and inadequate insulin secretion, represents 
a widespread chronic metabolic disorder across the globe.1,2 As lifestyles evolve and population aging accelerates, the 
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incidence of T2DM is steadily climbing worldwide, posing substantial challenges to healthcare systems.3,4 It is well- 
established that T2DM not only disrupts blood glucose levels but also exhibits strong correlations with various metabolic 
abnormalities and complications, including cardiovascular disease, kidney disease, and retinopathy.5,6 The chronic 
inflammatory state that characterizes T2DM is a key contributor to these complications, underscoring the importance 
of understanding the inflammatory pathways involved.7,8

Although various glucose-lowering therapies are available for management of T2DM, their efficacy in achieving 
desired outcomes remains limited. Reports indicate that despite receiving standard treatment, over 50% patients fail to 
achieve the target level for glycated hemoglobin.9 Consequently, there is a pressing need to explore novel potential 
therapeutic targets. Cytokines, serving as crucial mediators in immune and metabolic regulation, have emerged as 
a prominent focus in diabetes research.10

Asialoglycoprotein receptor 1 (ASGR1), a receptor highly and selectively expressed on hepatocytes, has garnered 
attention in recent years for its potential roles in cholesterol metabolism and cardiovascular disease treatment.11,12 Its 
soluble form, sASGR1, is implicated in inflammatory cascades, serving as an immune mediator and potentially 
contributing to chronic inflammation in various diseases.13 Given the close link between T2DM and metabolic 
abnormalities, and its tendency to lead to chronic complications, especially those affecting lipid metabolism, cardiovas
cular health, and inflammation,14,15 it is fascinating to consider whether ASGR1 might also contribute to the pathophy
siology of T2DM.

Fatty liver disease, which is often associated with T2DM and closely linked to inflammation, is characterized by the 
accumulation of fat in the liver. This condition can progress to more severe liver diseases.16,17 Similarly, atherosclerosis, 
a major complication of T2DM, involves the buildup of plaque in the arteries, resulting in reduced blood flow and an 
increased risk of cardiovascular events.18 Therefore, elucidating the role of ASGR1 in these processes not only enhances 
our understanding of the pathophysiology of T2DM but also offers potential for the development of novel therapeutic 
strategies to tackle the complex interactions between metabolic derangements, inflammation, fatty liver disease, and 
atherosclerosis.

Recent research has demonstrated that ASGR1 deficiency enhances liver insulin sensitivity and mitigates systemic 
insulin resistance,19 and is also associated with reduced atherosclerosis.20,21 The dual role of ASGR1 in hepatic 
metabolism22,23 highlights its significant involvement in glucose metabolism, fatty liver disease, and atherosclerosis. 
However, there is a paucity of reports on serum sASGR1 levels. To address this gap, we devised an experiment to explore 
the correlation between serum levels of sASGR1 and T2DM, and to examine how these levels change in the presence of 
fatty liver disease and carotid atherosclerosis.

Materials and Methods
Study Subjects
From July 2024 to October 2024, 220 patients newly diagnosed with T2DM were consecutively recruited as the case 
group from Taizhou People’s Hospital, while recruitment plans for participants were also announced at Taizhou Third 
People’s Hospital, Sixiang People’s Hospital, and Ruici Medical Center. During the same period, a control group of 
individuals with normal glucose tolerance (NGT), matched for gender and age, was recruited from the same centers that 
participated in the case group recruitment. Using PASS 15 and based on previously measured data, we estimated the 
sample size by setting α at 0.05, power at 0.8, and accounting for a 10% dropout rate, resulting in a minimum total 
sample size of 406 participants. The diagnosis of diabetes followed the 2024 criteria established by the American 
Diabetes Association (ADA).24 Diabetes was defined as a fasting blood glucose (FBG) level of ≥7.0 mmol/L, or a 2-hour 
plasma glucose (2hPG) level of ≥11.1 mmol/L during an oral glucose tolerance test (OGTT), or a glycated hemoglobin 
(HbA1c) level of ≥6.5%. NGT was defined as an FBG level of <5.6 mmol/L, a 2hPG level of <7.8 mmol/L, and an 
HbA1c level of <5.7%. Inclusion criteria encompassed adults aged between 18 and 80 years who had not taken any 
medication in the past month. Exclusion criteria encompassed individuals diagnosed with other types of diabetes, those 
aged below 18 or above 80 years, individuals with a BMI of ≥35 kg/m² or <18.5 kg/m², smokers, those consuming 
alcohol exceeding 140g per week for males or 70g per week for females, pregnant or lactating women, individuals with 
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a NYHA heart function classification of 2–4, those with viral hepatitis, immune hepatitis, cirrhosis, transaminase levels 
exceeding three times the upper limit of normal, an estimated glomerular filtration rate (eGFR) of <60 mL/(min·1.73m²), 
cancer patients, those with infections, and individuals with diabetic ketoacidosis. Furthermore, to accurately identify and 
include suitable participants, and primarily to minimize the interference of type 1 diabetes, newly diagnosed diabetes 
patients were required to undergo a fasting C-peptide (CP) test. Patients with CP levels below 200 pmol/L, a threshold 
adopted from the latest guidelines to assist in distinguishing between diabetes types,24 were excluded from the study. 
Alcohol consumption was estimated using standard drink units, with participants reporting average frequency and 
amount per occasion. The eGFR was calculated using the CKD-EPI equation.25 The study was approved by the 
Clinical Research Ethics Committee of Taizhou People’s Hospital (ethics approval number: KY-2024-072-01). The 
protocol was registered on the Chinese Clinical Trial Registry (ChiCTR) platform with the registration number 
ChiCTR2400086076. Written informed consent was obtained from the study participants before their enrolment. It 
should be noted that the initial consent did not include ultrasound examinations. However, during the experiment, many 
participants expressed a keen interest in receiving additional ultrasound scans. In response, we made these scans 
available on a strictly voluntary basis, and participants were explicitly informed that they had the right to decline to 
share their scan data, even after undergoing the examination. This study was conducted in strict adherence to the ethical 
principles outlined in the Declaration of Helsinki. All participants provided informed consent, and their rights, privacy, 
and safety were protected throughout the research process.

Data Collection
The participants’ medical histories were collected through face-to-face interviews, with supplementary information gathered 
via telephone inquiries. Skilled nurses at the physical examination center of Taizhou People’s Hospital conducted anthro
pometric measurements, which included weight (W), height (H), waist circumference (WC), and hip circumference (HC). 
Body mass index (BMI) was calculated as W/H², and the waist/hip ratio (WHR) was determined by dividing WC by HC. 
Following a 15-minute rest, blood pressure was measured twice on the right upper arm, with systolic blood pressure (SBP) 
and diastolic blood pressure (DBP) calculated as the average of these two measurements. Venous blood samples were 
collected after an overnight fast lasting more than 10 hours. Biochemical analyses were conducted in the laboratory of 
Taizhou People’s Hospital. Serum levels of glutamic-pyruvic transaminase (ALT), creatinine (Cr), fasting blood glucose 
(FBG), total cholesterol (TC), triglycerides (TG), high-density lipoprotein cholesterol (HDL), low-density lipoprotein 
cholesterol (LDL), and high sensitive C-reactive protein (hs-CRP) were assayed using a fully automated biochemical 
analyzer (Beckman Coulter AU5800, Brea, USA). HbA1c was measured by high-performance liquid chromatography 
(TOSOH HLC-723G8, Tokyo, Japan). Serum insulin (INS) and CP concentrations were determined using the chemilumi
nescence particle immunoassay method, with reagent kits provided by Abbott GmbH (Germany, item numbers 3L53/09p36 
and 8K41/04T75, respectively). Interleukin-6 (IL-6) and sASGR1 concentrations were measured using the ELISA method, 
with ELISA kits provided by JiangLai Biotechnology (Shanghai, China, item numbers JL14113 and JL41965, respectively). 
Insulin resistance (IR) was assessed using the Homeostatic Model Assessment for Insulin Resistance (HOMA-IR) formula: 
HOMA-IR = (INS * FBG) / 22.5.26 Participants were advised to follow a mixed diet containing at least 150 grams of 
carbohydrates for three days prior to the oral glucose tolerance test (OGTT). During the OGTT, each participant consumed 
75 grams of glucose dissolved in water within a five-minute period. A venous blood sample was then collected two hours 
after the initial sip of the sugar solution to measure the blood glucose level at that specific time point. Three ultrasound 
specialists conducted liver and neck vascular ultrasound scans, providing their individual assessments of the findings. Liver 
parenchymal echo enhancement, along with decreased clarity of intrahepatic structures, are key characteristics that assist in 
the diagnosis of fatty liver.27 Carotid artery intima-media thickness of ≥ 1.0 mm indicates intimal thickening, while localized 
thickening of > 1.5 mm may be classified as plaque formation.28 Any disputes arising from these evaluations were resolved 
collectively by the three specialists.

Data Analysis
To determine if the continuous variables adhered to a normal distribution, the Kolmogorov–Smirnov test was performed. 
These variables were subsequently presented as either the mean ± standard deviation (SD) or the median with the 25th 
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percentile (P25) and 75th percentile (P75). For comparisons between two groups, the appropriate test—either the t-test or 
the Mann–Whitney U-test—was utilized, depending on the data’s distribution. Categorical variables were compared 
across groups using the chi-square test. Spearman correlation was utilized to explore the relationship between serum 
sASGR1 and other indicators. Stepwise linear regression was employed to identify the independent factors affecting 
serum sASGR1 levels. Logistic regression analysis was conducted to assess the association between sAGSR1 and the 
incidence of T2DM. Before performing regression analyses, skewed data were log-transformed to ensure normality. 
Receiver Operating Characteristic (ROC) curve analysis was conducted to assess the predictive value of various factors 
for the onset of T2DM. All statistical analyses were carried out using SPSS version 22.0, with a two-sided p-value < 0.05 
considered statistically significant.

Results
The Characteristics of the Participants
As illustrated in Table 1, participants with T2DM had higher levels of WC, WHR, BMI, SBP, ALT, eGFR, TG, FBG, 
2hPG, HbA1c, HOMA-IR, hs-CRP, and IL-6 compared to those with NGT. Conversely, serum Cr and HDL levels were 
lower in the T2DM group. There were no significant differences in gender distribution, age, DBP, AST, UA, TC, or LDL 
between the two groups.

Table 1 Baseline Characteristics of the Participants

Variables NGT T2DM X2 or z or  
t value

p value

N (M/F) 220 (110/110) 220 (115/105) 0.23 0.63

Age (year) 51.00 ± 12.23 51.94 ± 11.95 −0.81 0.42
BMI (kg/m2) 23.94 ± 3.09 25.41 ± 3.38 −4.75 <0.01

WC (cm) 87.76 ± 6.95 94.18 ± 9.27 −8.21 <0.01

WHR 0.89 ± 0.05 0.94 ± 0.05 −9.61 <0.01
SBP (mmHg) 127.83 ± 14.28 133.41 ± 15.61 −3.28 <0.01

DBP (mmHg) 81.55 ± 10.81 82.42 ± 9.87 −0.88 0.38

ALT (U/L) 18.50 (13.00, 28.00) 23.00 (15.25, 34.75) −3.20 <0.01
AST (U/L) 21.00 (17.00, 25.00) 20.00 (17.00, 26.00) −0.36 0.72

Cr (umol/L) 64.09 ± 14.78 58.46 ± 14.42 4.04 <0.01

UA (umol/L) 331.44 ± 85.68 332.85 ± 95.98 −0.16 0.87
eGFR (mL/min) 102.47 ± 13.95 107.16 ± 15.25 −3.37 <0.01

TC (mmol/L) 4.77 ± 1.01 4.71 ± 1.13 0.57 0.57

TG (mmol/L) 1.29 (0.93, 2.06) 1.55 (1.25, 2.63) −2.74 <0.01
HDL (mmol/L) 1.25 ± 0.30 1.17 ± 0.26 2.83 <0.01

LDL (mmol/L) 2.99 ± 0.73 3.06 ± 0.82 −0.96 0.34

FBG (mmol/L) 4.92 (4.46, 5.18) 7.49 (6.05, 9.77) −15.27 <0.01
2hPG (mmol/L) 6.36 (5.79, 6.92) 12.10 (10.30, 14.89) −18.09 <0.01

HbA1c (%) 5.47 (5.32, 5.59) 7.69 (7.02, 9.29) −18.15 <0.01

HOMA-IR 1.86 (1.23, 2.72) 3.40 (1.89, 5.87) −8.53 <0.01
hs-CRP (mg/L) 0.50 (0.31, 0.98) 1.17 (0.47, 2.08) −6.08 <0.01

IL-6 (pg/mL) 2.03 (1.38, 3.01) 2.80 (1.78, 4.12) −4.82 <0.01
sASGR1 (ng/mL) 5.26 (3.37, 7.81) 6.58 (4.58, 10.59) −3.99 <0.01

Notes: Data are presented as the mean ± standard deviation or as the median with the 25th percentile and 75th 
percentile. 
Abbreviations: NGT, normal glucose tolerance; T2DM, type 2 diabetes mellitus; BMI, body mass index; WC, waist 
circumference; WHR, waist-to-hip ratio; SBP, systolic blood pressure; DBP, diastolic blood pressure; ALT, Alanine 
aminotransferase; ASP, Aspartate aminotransferase; Cr, creatinine; UA, uric acid; eGFR, estimated glomerular 
filtration rate; TC, total cholesterol; TG, triglyceride; HDL, high-density lipoprotein cholesterol; LDL, low density 
lipoprotein cholesterol; FBG, fasting blood glucose; 2hPG, 2-hour post-OGTT blood glucose; HbA1c, glycated 
hemoglobin A1c; HOMA-IR, homeostasis model assessment of insulin resistance; hs-CRP, high sensitive C-reactive 
protein; IL-6, interleukin-6; sASGR1, soluble asialoglycoprotein receptor 1.
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Serum sASGR1 Levels and Ultrasonic Measurements Results
As depicted in Figure 1, the serum sASGR1 level in the NGT population is 5.26 (3.37, 7.81) ng/mL, lower than the 6.58 
(4.58, 10.59) ng/mL observed in the T2DM population. Among the participants, 92.0% underwent liver ultrasound 
evaluation and 70.2% completed carotid ultrasound assessment, except two participants who declined to share their 
ultrasound results. The incidence rates of fatty liver and carotid artery stiffness were significantly higher in T2DM 
patients compared to the NGT group: 66.0% vs 31.7% and 32.4% vs 18.2%, respectively. Within the NGT group, 63 
individuals had fatty liver and 136 did not; however, there was no significant difference in serum sASGR1 levels between 
these subgroups. Similarly, 22 individuals had carotid arteriosclerosis and 99 did not, with no significant difference in 
serum sASGR1 levels. In the T2DM group, 136 had fatty liver and 70 did not, but again, no significant difference in 
serum sASGR1 levels was observed. Likewise, 61 patients had carotid arteriosclerosis and 127 did not, with no 
significant difference in serum sASGR1 levels (Table S1).

Figure 1 Comparison of Serum sASGR1 Levels between NGT and T2DM Populations.
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Exploring the Spearman Correlation Between sASGR1 and Diverse Variables
As shown in Table 2, sASGR1 demonstrated a positive, albeit weak to moderate, correlation with hs-CRP (ρ = 0.366, p < 
0.01) and IL-6 (ρ = 0.154, p < 0.05) in individuals with NGT. In patients with T2DM, sASGR1 was found to be 
positively associated with eGFR (ρ = 0.157, p < 0.05), TG (ρ = 0.144, p < 0.05), HOMA-IR (ρ = 0.182, p < 0.01), and hs- 
CRP (ρ = 0.252, p < 0.01), indicating weak correlations. Additionally, a weak inverse relationship was observed between 
sASGR1 and Cr (ρ = −0.142, p < 0.05) in T2DM patients.

Independent Predictors of sASGR1 Identified by Stepwise Linear Regression
A stepwise linear regression analysis was conducted with sASGR1 as the dependent variable and the other variables as 
independent variables. The results, as presented in Table 3, indicated that hs-CRP was positively correlated with serum 
sASGR1. Surprisingly, Cr emerged as a potential negative factor influencing serum sASGR1 levels.

Table 2 Spearman Correlation Analysis 
Between sASGR1 and Various Variables

sASGR1 NGT T2DM

r p r p

sex −0.023 0.73 0.092 0.17
age 0.087 0.20 −0.115 0.09

BMI −0.055 0.42 0.073 0.28

WC −0.003 0.96 0.069 0.31
WHR 0.022 0.75 0.036 0.60

SBP 0.035 0.61 0.038 0.58

DBP −0.041 0.54 0.101 0.14
ALT −0.087 0.20 0.102 0.13

AST −0.066 0.33 0.064 0.35

Cr −0.078 0.25 −0.142 <0.05
UA −0.041 0.54 −0.006 0.92

eGFR 0.030 0.66 0.157 <0.05

TC −0.050 0.46 0.065 0.34
TG −0.101 0.14 0.144 <0.05

HDL −0.033 0.80 −0.073 0.28

LDL −0.006 0.92 0.083 0.22
FBG −0.086 0.20 0.128 0.06

2hPG −0.056 0.41 0.073 0.28

HbA1c 0.013 0.85 0.066 0.33
HOMA-IR 0.011 0.87 0.182 <0.01

hs-CRP 0.366 <0.01 0.252 <0.01

IL-6 0.154 <0.05 0.107 0.11

Abbreviations: NGT, normal glucose tolerance; T2DM, 
type 2 diabetes mellitus; sASGR1, soluble asialoglycopro
tein receptor 1; BMI, body mass index; WC, waist circum
ference; WHR, waist-to-hip ratio; SBP, systolic blood 
pressure; DBP, diastolic blood pressure; ALT, Alanine ami
notransferase; AST, Aspartate aminotransferase; Cr, crea
tinine; UA, uric acid; eGFR, estimated glomerular filtration 
rate; TC, total cholesterol; TG, triglyceride; HDL, high- 
density lipoprotein cholesterol; LDL, low density lipopro
tein cholesterol; FBG, fasting blood glucose; 2hPG, 2-hour 
post-OGTT blood glucose; HbA1c, glycated hemoglobin 
A1c; HOMA-IR, homeostasis model assessment of insulin 
resistance; hs-CRP, high sensitive C-reactive protein; IL-6, 
interleukin-6.
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Logistic Regression Analysis of Serum sASGR1 Level and T2DM Incidence
According to the serum sASGR1 level, 440 participants were categorized into three groups: T1 (< 4.64 ng/mL), T2 
(4.64–7.82 ng/mL), and T3 (> 7.82 ng/mL). The incidence of T2DM progressively increased with rising serum sASGR1 
levels, reaching 39.5% in the T1 group, 47.9% in the T2 group, and 62.6% in the T3 group.

As shown in Table 4, it revealed that the incidence of T2DM in T3 group was significantly higher than that in T1 
group, even after adjusting some factors including BMI, WHR, SBP, TG and Cr, as shown in models 1–6. However, this 
significance was diminished after the adjustment for hs-CRP. No statistically significant difference in the incidence of 
T2DM was observed between the T1 and T2 groups.

ROC Curve Analysis for Predicting the Incidence of T2DM Using Serum sASGR1 
Levels
As shown in Figure 2, the Area under the curve (AUC) for sASGR1 was 0.610 (with a 95% confidence interval of 
0.558–0.662, p<0.01).

Table 3 Independent Predictors of sASGR1 Levels Identified Through 
Stepwise Linear Regression Analysis

Variables unstandardised coefficients t p 95% CI for β

β Std. Error lower upper

Constant 1.048 0.060 17.550 <0.01 0.931 1.166
Cr −0.004 0.001 −3.926 <0.01 −0.006 −0.002

hs-CRP 0.205 0.030 6.863 <0.01 0.146 0.264

Notes: R Square of this model is 0.121. ASGR1 and hs-CRP were logarithmically transformed prior 
to correlation analysis. 
Abbreviations: CI, confidence interval; sASGR1, soluble asialoglycoprotein receptor 1; Cr, creati
nine; hs-CRP, high sensitive C-reactive protein.

Table 4 Logistic Regression Analysis of the Association Between Serum sASGR1 
Levels and T2DM Prevalence

T1 T2 T3

Reference OR (95% CI) p OR (95% CI) p

Model 1 1 1.413 (0.889, 2247) 0.143 2.159 (1.438, 3.242) <0.01

Model 2 1 1.419 (0.876, 2300) 0.155 2.376 (1.552, 3.638) <0.01

Model 3 1 1.313 (0.797, 2162) 0.285 2.249 (1.449, 3.492) <0.01
Model 4 1 1.304 (0.788, 2158) 0.301 2.199 (1.411, 3.429) <0.01

Model 5 1 1.376 (0.797, 2374) 0.252 2.044 (1.271, 3.289) <0.01

Model 6 1 1.342 (0.767, 2347) 0.303 1.777 (1.088, 2.902) <0.05
Model 7 1 1.124 (0.631, 2.003) 0.692 1.455 (0.875, 2.419) 0.148

Notes: Model 1: crude; Model 2: adjusted for sex, age, ALT, AST; model 3: adjusted for model 2 plus 
TC, TG, HDL, LDL; model 4: adjusted for model 3 plus SBP, DBP; model 5: adjusted for model 4 plus 
WHR, BMI; model 6: adjusted for model 5 plus Cr; model 7: adjusted for model 6 plus hs-CRP. ALT, 
AST, TG and hs-CRP were logarithmically transformed prior to correlation analysis. 
Abbreviations: sASGR1, soluble asialoglycoprotein receptor 1; T2DM, type 2 diabetes mellitus. OR, 
odds ratio; CI, confidence interval.
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Discussion
In the present study, higher serum sASGR1 levels were found in newly diagnosed T2DM patients than individuals with 
NGT. Previous studies have indicated that ASGR1 deficiency enhances liver insulin signaling and mitigates systemic 
insulin resistance.19 However, ASGR1 deficiency results in decreased glycogen breakdown and gluconeogenesis, 
suggesting a favorable impact on glucose metabolism. Nevertheless, in the same experiment, after being fed a high-fat 
diet, AGSR1-/- mice exhibited similar blood glucose levels compared to wild-type mice and even demonstrated elevated 
blood glucose levels during the early stages of the glucose tolerance test.19 It was reported that the expression of ASGR1 
in peripheral blood mononuclear cells was comparable between patients with both coronary artery disease (CAD) and 
diabetes and those with CAD alone. However, this expression was decreased in patients with both CAD and diabetes 
compared to healthy individuals.29 Few reports have focused on the link between serum sASGR1 levels and T2DM 
previously. The only indirect comparison available suggested higher serum sASGR1 levels in T2DM patients than non- 
diabetic individuals, aligning with our findings.30 In the present study, we observed that patients with newly diagnosed 
T2DM exhibited significantly higher serum sASGR1 levels compared to non-diabetic individuals. Furthermore, as serum 
sASGR1 levels increased, the prevalence of T2DM also rose notably, even after accounting for various confounding 

Figure 2 ROC Curve Analysis for Predicting T2DM Incidence Using Serum sASGR1 Levels.
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factors. Additionally, we identified a positive correlation between serum sASGR1 levels and HOMA-IR in newly 
diagnosed T2DM patients, indicating its potential unique role in insulin resistance, which warrants further investigation.

Although sASGR1 was found to be closely linked with T2DM, the ROC analysis indicated that sASGR1 has limited 
clinical value as a standalone biomarker for the disease, likely owing to the multifactorial pathogenesis of T2DM. Future 
studies could explore the combination of sASGR1 with other biomarkers to improve diagnostic accuracy. Moreover, we 
have observed a positive correlation between sASGR1 and hs-CRP levels, where elevated sASGR1 is linked to a higher 
incidence of T2DM. However, this association became insignificant after adjusting for hs-CRP, indicating that inflam
mation may be a confounding factor. Inflammation could potentially interact with sASGR1 or independently elevate the 
risk of T2DM. Consequently, the direct impact of sASGR1 on T2DM risk remains unclear. Larger and more rigorous 
studies are needed to clarify the role of sASGR1 in T2DM risk assessment, while taking inflammatory influences into 
consideration. We hope that our findings will inspire further research in this field.

It is noteworthy that a previous research team has reported on serum sASGR1 levels in two publications,12,30 

nonetheless, their reported values were markedly lower than those observed in our study, despite using reagents from 
the same company. Three potential explanations for this discrepancy merit consideration. Firstly, while acknowledging 
that the possibility of experimental errors cannot be entirely dismissed, our laboratory personnel meticulously reviewed 
the instructions and strictly adhered to the protocols. Moreover, we sought the assistance of a technician from JiangLai 
Biotechnology to re-evaluate a subset of samples, with the results closely aligning with our initial findings. Secondly, the 
two studies involved distinct populations. Their primary focus was on patients with CAD, whereas our study centered on 
individuals with diabetes and those with NGT. Critically, to minimize potential confounding effects, we ensured that 
participants had no medication history for at least one month prior to their involvement and had not initiated any regular 
lifestyle interventions. This distinction was crucial when compared to the two previous studies.

Another notable discovery from this study unveiled a positive correlation between serum sASGR1 levels and specific 
inflammatory markers, namely hs-CRP in both the NGT group and the T2DM group, and IL-6 specifically in the NGT 
group. Prior research has established that ASGR1 promotes monocyte-to-macrophage differentiation by enhancing 
activating transcription factor 5 (ATF5) expression via the activation of the nuclear factor-kappa B (NF-κB) signaling 
pathway, ultimately triggering a systemic inflammatory response. Notably, ASGR1 deficiency significantly inhibited the 
lipopolysaccharide (LPS) -induced elevation of inflammatory cytokines in mouse plasma, particularly tumor necrosis 
factor-alpha (TNF-α), IL-6, and Interleukin-1 beta (IL-1β).22 A recent investigation also reported a remarkable positive 
association between serum sASGR1 levels and hs-CRP in CAD patients, which is consistent with our observations 
despite the distinct patient cohorts involved.12 We anticipate that the elucidation of ASGR1’s role in inflammation will 
emerge as a pivotal area of interest in forthcoming research endeavors.

The involvement of ASGR1 in lipid metabolism has been well-established, with a primary focus on the following key 
points: Firstly, ASGR1 deficiency enhances insulin induced gene 1 (INSIG1) expression, which in turn enhances the 
suppression of sterol-regulatory element binding proteins (SREBP) precursor, thereby influencing essential lipid meta
bolism networks.31 Additionally, ASGR1 inhibition suppresses the SREBP pathway via adenosine 5’-monophosphate - 
activated protein kinase (AMPK) activation, leading to a reduction in de novo cholesterol synthesis.32 Secondly, ASGR1 
deficiency leads to the suppression of mechanistic target of rapamycin complex 1 (mTORC1) and activation of AMPK, 
accompanied by a reduction in the E3 ubiquitin ligase complex Breast Cancer 1 and its associated ring domain gene 1 
(BRCA1/BARD1). Consequently, this leads to an elevated expression of liver X receptor (LXR) and ATP-binding 
cassette sub-family G member 5/8 (ABCG5/G8), ultimately facilitating cholesterol efflux.33 Furthermore, ASGR1 plays 
a crucial role in lipid distribution within the body. When ASGR1 is deficient, lipids are redirected from the bloodstream 
into adipose tissue, leading to increased fat accumulation in visceral adipose tissue and a subsequent decrease in blood 
lipids.23 Overall, ASGR1 occupies a pivotal position in lipid metabolism. In support of this, previous studies have 
revealed a significant positive correlation between serum levels of sASGR1 and LDL.30 However, in our experiments, it 
appears that the association between serum sASGR1 and lipid levels is not as pronounced as initially anticipated. 
Specifically, we only detected a weak positive correlation between serum sASGR1 and TG levels within the T2DM 
population. As discussed earlier, factors such as drug effects and population differences need to be taken into 
consideration to elucidate the reasons behind the divergence of our results from the serological test findings reported 
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earlier.30 Additionally, the role of serum sASGR1 is intricate and distinct from that of liver ASGR1. While the binding of 
asialoglycoprotein to ASGR1 on the hepatocyte membrane triggers subsequent biological processes, circulating sASGR1 
inhibits this binding. Nevertheless, it still forms a complex with sialic acid glycoprotein and enters the liver to exert its 
functional effects.34

The dual roles of ASGR1 in liver injury have been extensively explored. As previously discussed, ASGR1 deficiency 
appears to confer protection to the liver by stimulating lipid metabolism. Conversely, ASGR1 overexpression modulates 
the differentiation of monocytes into macrophages via the NF-κB/ATF5 pathway, thereby worsening liver injury.22 

However, other studies indicate that ASGR1 plays a protective role in liver injury. ASGR1 deficiency elevates circulating 
golgi protein 73 (GP73) levels, facilitates the interaction between GP73 and binding immunoglobulin protein (BIP), 
triggers endoplasmic reticulum stress,35 and stimulates the hypertrophy of white adipose tissue, ultimately culminating in 
liver damage.23 ASGR1 deficiency exacerbates liver injury induced by a high-fat diet, whereas its overexpression 
alleviates such damage.20,21 In the current study, we did not observe any correlation between serum sASGR1 levels 
and either ALT or fatty liver. The significance of serum sASGR1, as well as its role in liver injury, is complex and 
multifaceted.

A substantial amount of researches have demonstrated that ASGR1 also plays a crucial role in atherosclerosis. 
ASGR1 deficiency results in decreased levels of plasma very-low-density lipoprotein (VLDL) and LDL, along with 
a significant reduction in the atherosclerotic lesion area.20,21 The absence of ASGR1 protects macrophages from 
atherosclerosis in vitro and diminishes plaque burden in vivo. Furthermore, heightened levels of ASGR1 in peripheral 
blood mononuclear cells (PBMCs) from clinical blood samples correlate with the presence of coronary artery plaques.36 

ASGR1 deficiency appears to be associated with a lower risk of CAD.12,37,38 However, there are limited reports on the 
impact of ASGR1 on carotid plaques, which serve as a readily measurable marker of atherosclerosis. Hs-CRP, a marker 
of inflammation, plays a pivotal role in atherosclerosis by contributing to vascular wall damage, endothelial dysfunction, 
and oxidative stress, making it a robust predictor of cardiovascular disease risk in type 2 diabetics.39 Although we 
observed a positive correlation between serum levels of sASGR1 and hs-CRP, indicating a potential link to inflammation, 
our study did not uncover a definitive correlation between sASGR1 levels and the presence of carotid atherosclerosis. 
This may be due to the relatively low participation rate in our study, which limits the generalizability of our findings. 
Nonetheless, our results underscore the need for further investigation into the role of ASGR1 in carotid atherosclerosis.

The present study has revealed that serum sASGR1 levels are negatively correlated with Cr but positively correlated 
with eGFR in patients with newly diagnosed T2DM. Furthermore, serum Cr has been identified as an independent 
negative influencing factor of sASGR1. Notably, previous studies have overlooked the significance of ASGR1 in the 
kidneys, with one earlier report indicating no correlation between serum sASGR1 and Cr levels.30 Consequently, further 
validation is required to establish the definitive relationship between ASGR1 and renal function. A substantial body of 
research has demonstrated that disruptions in blood glucose40 and lipid metabolism,41 as well as oxidative stress42 and 
inflammatory responses,43 play pivotal roles in the progression of renal injury and fibrosis. One plausible explanation for 
this correlation is that sASGR1 may exert its influence in these very aspects. For instance, sASGR1 may exacerbate renal 
inflammation by activating the NF-κB pathway, triggering the production of pro-inflammatory cytokines and the influx of 
immune cells into the kidney, which are known to play pivotal roles in the development of renal diseases.42,43 However, 
these hypotheses remain to be tested in future studies.

In this study, we explored the correlation between serum sASGR1 and T2DM, along with their association with 
inflammatory markers. While our findings may offer new insights into the pathogenesis of T2DM, we acknowledge 
that our research has several limitations. Firstly, it would be highly interesting to investigate serum sASGR1 levels in 
pre-diabetic patients. Secondly, the small number of participants who underwent ultrasound examinations, particularly 
those assessing the carotid artery, diminishes the robustness of our findings. Thirdly, owing to constraints in our 
conditions, we were unable to assess the longitudinal variations in sASGR1 levels over time or in relation to disease 
progression, thereby limiting the applicability of our findings for monitoring T2DM. Fourthly, the cross-sectional 
design of our study precludes causal inferences, and we cannot determine whether elevated sASGR1 levels contribute 
to the onset of T2DM or are a result of the disease process. Fifthly, our study was conducted primarily in Taizhou City, 
Jiangsu Province, which may limit the generalizability of our findings to other ethnic or geographical populations. 
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Future studies should include a more diverse participant pool to enhance the applicability of the results. Lastly, we 
observed a robust association between serum sASGR1 and Cr levels. Importantly, Cr levels were significantly lower in 
the T2DM group compared to the NGT group, which raises concerns about potential confounding factors and 
highlights the necessity for implementing strategies to address and minimize their impact. Perhaps future research 
will corroborate the associations between ASGR1 and T2DM, ASGR1 and inflammatory markers, as well as ASGR1 
and renal function. Additionally, the impact of ASGR1 on blood lipids, liver damage, and arteriosclerosis presents an 
intriguing avenue for future research.

Conclusion
In this study, we found that serum sASGR1 levels were markedly elevated in newly diagnosed T2DM patients than in the 
NGT group. Moreover, sASGR1 demonstrated a positive correlation with hs-CRP, underscoring its potential involvement 
in inflammation and the pathogenesis of T2DM. Nevertheless, the predictive power of sASGR1 in anticipating the onset 
of T2DM is relatively constrained. Additionally, we observed no significant differences in serum sASGR1 levels between 
individuals with and without carotid artery stiffness, or between those with and without fatty liver disease.

Data Sharing Statement
The individual de-identified participant data from this study, including case report forms, laboratory test results, and 
clinical assessment records, have been uploaded to Mendeley Data and are accessible via the following DOI: 10.17632/ 
7sfcrhdpfw.2. In addition, the study protocol, statistical analysis plan, and the statistical analysis code used in this study 
will also be made available. For further inquiries or assistance with accessing the data, please contact the corresponding 
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the date of publication of this paper.
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