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ABSTRACT 
Background & objective: Netrin-1 is commonly recognized as a neural guidance cue that has been suggested to play 
a role in pancreas development. Multiple studies have reported on the regenerative, angiogenic, and anti-
inflammatory properties of netrin-1 in various tissues. In hyperglycemia, netrin-1 may support insulin secretion and 
reduce inflammation. This study was aimed to investigate the correlation of serum Netrin-1 with Homeostatic Model 
Assessment of Insulin Resistance (HOMA-IR). 

 Methodology: This study comprised a total of 81 patients diagnosed with type 2 diabetes mellitus (T2DM) and 79 
apparently healthy individual as controls. For each participant' following an overnight fasting, samples of blood were 
taken. Biochemical parameters were estimated including glycated hemoglobin, fasting blood glucose, serum insulin, 
and serum netrin-1 levels. 

Result: This study revealed that T2DM patients had significantly higher serum netrin-1 levels than the control group. 
There was a significant positive correlation between netrin-1 and HOMA-IR. 

Conclusion: The mean serum concentration of netrin-1 was significantly higher in type 2 diabetes mellitus patients 
than in healthy individuals. There is a positive correlation between insulin resistance and netrin-1 in type 2 diabetes 
mellitus. Further studies involving larger sample sizes are needed to clarify the real relationship and to improve 
reliability and replicability and to provide an insight to the pathogenesis, diagnosis, prevention, and treatment of 
type 2 diabetes mellitus. 

Abbreviations: ADA - American Diabetes Association DCC - Deleted Receptors in Colorectal Cancer; HOMA-IR - 
Homeostatic Model Assessment of Insulin Resistance; T2DM - Type 2 Diabetes Mellitus; UNC5 - Uncoordinated 5; 
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1. INTRODUCTION  
Type 2 diabetes mellitus (T2DM) is the most prevalent 

form of diabetes, which is a metabolic disease of 

multiple etiology, and a steadily growing number of 

people acquire the disease around the world.1 Due to the 

aging of nations, more than 590 million people will be 

diagnosed with this disease by 2035, making it a global 

epidemic.2 The main factors contributing to the 

development of T2DM are the deterioration of β-cells 

and the presence of insulin resistance.3 After β-cell 

dysfunction and loss, there is insufficient insulin 

production to compensate for decreased peripheral 

insulin sensitivity, which leads to persistent 

hyperglycemia.3 The pancreatic β cells manufacture 

insulin, a peptide hormone consisting of 51 amino acids. 

Insulin is a hormone with pluripotent properties, 
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meaning it can elicit various biological reactions and 

play a crucial role in various biological processes.4 It 

enhances the transportation of glucose between muscle 

and adipose tissue, regulates the functioning of enzymes 

within cells, and controls the transcription of specific 

genes.4 Insulin resistance is the inability of insulin to 

support metabolic processes and is a medical condition 

where there is a change in the dose response curve, 

resulting in a reduction in the body's response to insulin.5 

A deficient response to insulin can be seen either across 

the entire range of insulin concentrations or specifically 

at minimal levels of the hormone.5 

Netrin-1 is originally considered an axon guidance 

protein, with a structure similar to laminine.6 The 

complete transcript has seven exons and is transformed 

into a protein with a length of 604 amino acids with 

molecular mass of 50–75 kD.3,4 The ‘Deleted Receptors 

in Colorectal Cancer’ (DCC) and the ‘Uncoordinated 5’ 

(UNC5) receptors are two widely established receptor 

families that regulate the biological functions of netrin.3,7 

Netrin-1 plays a vital role in the initial development of 

different tissues, including the nervous system, vascular 

system, pulmonary system, pancreatic system, muscular 

system, and mammary gland.4 Netrin-1 has also been 

linked to tissue regeneration, control of inflammatory 

conditions, and leukocyte migration in peripheral 

organs.3 Both endocrine and exocrine cells expressed 

netrin-1.  

In the pancreas, neogenin was highly expressed, which 

suggests that netrin-1 is involved in pancreatic 

development, remodeling of tissue, migration of islet 

cells, and also regeneration.8 When the β-cells were 

treated with external netrin-1, caspase-3 was discovered 

to be downregulated.9 Neogenin and UNC5-A receptors 

are also decreased along with the decrease in caspase-3 

cleavage. However, neogenin and UNC5 receptors have 

shown the capacity to trigger cell death without netrin 

while inhibiting it when they bind with netrin-1; this 

discovery highlights netrin's contribution to β-cell 

prosurvival.10 One of the main causes of diabetes is 

inflammation, and studies have shown that netrin-1 

reduces inflammation by interacting with chemokines 

and inflammatory cytokines, as a result, serum netrin-1 

levels may have an association with insulin 

resistance.11,12  

This study was aimed to investigate the relationship 

between serum netrin-1 and Homeostatic Model 

Assessment of Insulin Resistance (HOMA-IR). 

2. METHODOLOGY 
It was a case-control research study, carried out in Al-

Muane Teaching Hospital, in the southern Iraqi province 

(Basrah), from December 2022 to June 2023. A total of 

160 participants were divided into 81 T2DM patients and 

79 healthy controls, matched for age and sex with the 

patients. All of the participants attended the hospital, 

either for routine checkups or medical consultations. 

2.2. Study population 

2.2.1. Cases: According to the American Diabetes 

Association (ADA) guidelines for diabetes diagnosis, a 

total of 81 participants have been identified as having 

T2DM for at least one year, and the diagnosis was the 

following: “a FPG level of ≥126 mg/dL (7.0 mmol/L)”, 

Or “a 2-h PG level ≥200 mg/dL (11.1mmol/L), Or 

HbA1c level ≥6.5% (48 mmol/mol).13 

2.2.2. Control: The control group was included 79 

individuals who were age and sex matched with patients. 

These people seemed to be healthy a careful clinical 

examination showed that they were in good health, and 

they agreed to participate in this study. 

2.2.3. Exclusion Criteria: Patient with type 1 diabetes 

mellitus, Pregnant and lactating women, Patients with 

chronic liver diseases, patients with renal impairment, 

patients with hormone replacement therapy, Patient with 

congestive heart failure. 

2.3. Sample collection 

Five ml of venous blood was drawn after an overnight 

fast of at least eight hours from each participant. Tow mL 

was dispensed into a EDTA tube for the estimation the 

HbA1c% by ion exchange high-performance liquid 

chromatography using Variant II Turbo HbAlc Kit-2.0, 

supplied by Bio-Rad, USA, (REF 220-0220). The 

remainder of the blood was collected in a serum 

separator tube (SST). Half of the serum was used for the 

estimation of fasting blood sugar (FBS) and serum 

insulin (kits from Roche Diagnostics Gmbh, Germany, 

REF 04404483190and REF 12017547122 respectively) 

by using a fully automated chemistry analyzer, Cobas 

C311. The remaining portion was placed into Eppendorf 

tubes and preserved at -20°C for later determination of 

serum netrin-1. Estimation of netrin-1 was done by a 

sandwich enzyme-linked immunosorbent assay (ELISA) 

kit (Sunlong Biotech, China, REF SL1249Hu). The 

inter-assay precision value was less than 10%, but the 

intra-assay precision value was less than 8%.  

 The HOMA-IR is calculated by the following formula. 

 

Insulin resistance Models (Matthews et al 1985).14 

a) Normal value ≤ 2.5 where IR is insulin resistance. 

HOMA –IR 
a 

(fasting glucose x fasting insulin) 
÷ 405 ; insulin expressed in 

μIU/ml, glucose in mg/dl. 
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Statistical analysis 

The data from this study were 

analyzed with the Statistical 

Package for Social Science 

(SPSS) version 28 program. The 

results are given as mean ± 

standard deviation (SD) and 

numbers and percentage. For 

continuous data, the 

Independent t-test is utilized to 

compare two different groups. 

Chi-square (x2 test) is used to 

compare proportions of two or 

more groups in categorical data. 

P-value of 0.05 is considered as 

the highest limit for significance. 

3. RESULTS 
The sociodemographic 

characteristics and biochemical 

parameters of the patients and 

controls have been given in 

Table 1. The data revealed that 

the average FBS in cases (229.44 ± 85.20 mg) was 

significantly higher than that of controls (103.51 ± 13.38 

mg) (P < 0.001). In addition, the mean HbA1c% was 

significantly higher among cases than among the 

controls (8.59 ± 2.00 and 5.05 ± 0.55 respectively) (P < 

0.001).  

The mean insulin level was significantly higher among 

cases than the controls (16.58 ± 12.45 and 7.63 ± 4.46 

respectively) (P < 0.001). Regarding HOMA-IR, 

diabetic patients had a significant increase in insulin 

resistance in comparison to controls (9.23 ± 6.25 and 

1.96 ± 1.23 respectively), with a highly significant 

difference (P < 0.001). The mean value of serum netrin-

1 was significantly higher in 

patients in comparison to the 

control group (185.90 ± 34.67 

and 96.57 ± 12.12 respectively) 

(P < 0.001). 

Comparison of the serum netrn-

1 level in relation to disease 

duration, FBS, HbA1c, and 

serum insulin were shown in 

table 2. The results showed that 

the mean value of serum netrin-

1 was insignificantly higher in 

people who had the duration of 

disease for more than 5 y. With 

respect to FBS, the results 

showed that patients with FBS 

levels exceeding >130 mg/dL  

 

have higher netrin-1 levels as compared to those with 

FBS levels of ≤130 mg/dL (P < 0.001). Also this study 

revealed that patients with poor glycemic control 

(HbA1c > 8%) had higher levels of serum netrin-1 as 

compared to those with good glycemic control (HbA1c7-

8%), and optimal glycemic control (HbA1c <7%) 

respectively. With respect to serum insulin level patients 

with insulin levels ≥ 20 mIU/mL had higher mean value 

of netrin-1 as compared to those with serum insulin 

levels < 20 mIU/mL (P < 0.001). 

 

Table 1: Sociodemographic and biochemical parameters of patients and 
control. 

Variables Cases  

(n = 81) 

Controls  

(n = 79) 

P value 

Age (y) 53.60 ± 9.10 52.60 ± 9.67 NS 

Age (y) 30-39 y 7 (8.6) 8 (10.1) NS 

40-49 y 18 (22.2) 19 (24.1) 

50-59 y 29 (35.8) 29 (36.7) 

60-69 y 25 (30.9) 20 (25.3) 

>70 y 2 (2.5) 3(3.8) 

Gender Male 38 (46.9) 39 (49.4) NS 

Female 43 (53.1) 40 (50.6) 

FBS (mg/dL) 229.44 ± 85.20 103.51 ± 13.38 < 0.001 

HbA1c (%) 8.59 ± 2.00 5.05 ± 0.55 < 0.001 

Insulin Level (mIU/mL) 16.58 ± 12.45 7.63 ± 4.46 < 0.001 

HOMA-IR 9.23 ± 6.25 1.96 ± 1.23 < 0.001 

Netrin-1 (pg/ml) 185.90 ± 34.67 96.57 ± 12.12 < 0.001 

Data presented as mean ± SD or n (%); P < 0.05 is considered significant 

Table 2: Distributions of serum netrin-1 according to the duration of 
disease, FBS, HbA1c, and serum insulin. 

Parameter Netrin-1 (pg ̷ml) P-value 

Duration of 
disease 

≤ 5 y 183.54 ± 25.60 NS 

> 5 y 186.68 ± 37.32 

FBS 

(mg/dL) 

≤130 108.23 ± 37.38 < 0.001 

˃130 183.87 ± 33.34 

HbA1c Good control < 7% 113.20 ± 44.24 < 0.001 

Fair control 7-8% 180.64 ± 30.32 

Poor control ˃ 8% 181.80 ± 51.81 

Insulin Level 
(mIU/mL) 

< 20 135.10 ± 52.50 < 0.001 

≥20 172.05 ± 35.84 

Data presented as mean ± SD or n (%); P < 0.05 is considered significant 
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4. DISCUSSION 
Netrin-1 is a member of the laminin-related proteins of 

axon guidance and has been shown to have a variety of 

roles via its two traditional receptor families, including 

deleted receptors in colorectal cancer (DCC) and 

uncoordinated 5 (UNC5).15 Netrin-1, which functions as 

a neuro-immune signaling molecule, has a significant 

impact on embryonic pancreas development. 

Regeneration, tissue remodeling, islet cell migration, and 

pancreatic morphogenesis are all impacted by netrin-

1.16,17 

This study found that individuals with T2DM had 

significantly higher mean serum netrin-1 values 

compared to controls, which is likely due to a 

compensatory reaction to the disease. 
Several other studies revealed similar 

finding.18–22 

The current study revealed that there was 

significant positive correlation between 

patients age and serum netrin-1 level (r = 

0.054, P = 0.497). Also, the patients mean 

value of serum netrin-1 levels were greater 

than those of the control group at the same 

age group, with a highly significant 

difference (P < 0.001). These results were 

consistent with those of other 

studies.23,24,25 

Also, there was a significant positive 

relationship between serum netrin-1 levels 

and HbA1c. Similar finding also stated by 

other studies.18–22 In contrary some others studies 

reported controversial result.26, 27,28 

 This variation in relation to the association between 

T2DM and serum netrin-1 is indistinct, which could be 

imputed to diversity with respect to specimen collection, 

sample size, ethnic group, other sociodemographic 

differences of the investigated population, and 

estimation method. Additionally, the result of this study 

showed a significant positive association between serum 

glucose levels and HbA1c with serum netrin-1 levels (r 

= 0.568, P < 0.001; r = 0.628, P = 0.001 respectively). 

These findings were in concordance with the results of 

other studies.8,21,29,30,31 However, some other studies 

demonstrated a controversial result.25,26,28 Gao et al.3 

stated that netrin-1 stimulates insulin release from the 

pancreas by accelerating calcium inflow to the β-cell and 

the generation of the cAMP. The 

observation of this study may 

provide an insight that serum netrin-

1 level may be used as an indicator 

for the control of T2DM.  

 The HOMA-IR is a measurement 

that assesses insulin resistance levels 

in the body and high value of 

HOMA-IR refers to the decreased 

ability of cells to respond properly to 

insulin and glucose load. The 

development of diabetes and other 

metabolic disorders can be delayed 

with an early diagnosis of insulin 

resistance. The success of diabetes 

treatment can also be tracked by 

clinicians using the HOMA, who can 

then modify the treatment strategy as 

necessary.6 The study revealed a 

positive correlation between serum 

netrin-1and HOMA-IR. This result 

was in agreement with finding of 

Table 3: Pearson correlation of serum netrin-1 levels with the 
biochemical parameters in the study population. 

Variables Netrin-1 

(pg ̷ml) 

FBS 

(mg ̷ dL) 

Correlation Coefficient 0.568 ** 

P value < 0.001 

HbA1c Correlation Coefficient 0.628 ** 

P value < 0.001 

HOMA IR Correlation Coefficient 0.430** 

P value < 0.001 

Insulin Level 
(mIU/mL) 

Correlation Coefficient 0.255** 

P value 0.001 

** Correlation is significant at the 0.01 level (2-tailed) 

Figure 1: Linear regression analysis of netrin versus HOMA-IR 
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Natura G, who stated that netrin-1 could coordinate 

inflammation, which might lead to negative regulation of 

insulin secretion from β-cell and participate into β-cell 

failure.32 Several studies revealed similar 

findings.8,30,33,34,35 Ramkhelawon et al.34 stated that 

insulin resistance perturbs the netrin-1 circulation and 

netrin-1 over expression supports imperfection of 

adipose tissue immigration and macrophage retention, 

which might possibly enhance the promotion of chronic 

inflammation, metabolic dysfunction and insulin 

resistance. However, other studies revealed controversial 

results.26 They stated that netrin-1 has a retention cue for 

macrophage in visceral adipose tissue which possibly 

enhance the progression of the chronic inflammation and 

the subsequent development of insulin resistance, that 

happens in T2DM.26 It has been concluded that netrin-1 

may have a regulatory effect on inflammatory process 

which might lead to negative regulation of insulin 

secretion and may have a role in dysfunction of β-cell.32  

5. CONCLUSION 
In conclusion the contradictory results with respect to the 

association between netrin-1 and type 2 diabetes 

mellitus, and the association between netrin-1 and 

Homeostatic Model Assessment of Insulin Resistance 

(HOMA-IR) may require further studies involving a 

larger sample size to clarify the real relationship and to 

improve reliability and replicability and to provide an 

insight to the pathogenesis, diagnosis, prevention, and 

treatment of type 2 diabetes mellitus. 
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