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ABSTRACT 

Background & objective: Type 2 Diabetes Mellitus (T2DM) is a multifactorial disorder, in which genetic susceptibility 
and dysregulation of iron metabolism and coagulation play significant roles. The NRAMP1 gene (SLC11A1), which is 
involved in innate immunity and iron homeostasis, is a candidate for influencing T2DM risk, although population-
specific data are limited. We study aimed to investigate the association between the NRAMP1 rs3731864 
polymorphism and hepcidin, D-dimer, and human thrombin levels in Iraqi patients with T2DM. 

Methodology: A case-control study was conducted on 120 subjects (60 T2DM patients and 60 healthy controls). 
Genotyping of the rs3731864 polymorphism was performed by PCR. Serum hepcidin and thrombin levels were 
measured using Enzyme-Linked Fluorescent Assay (ELFA), and plasma D-dimer was quantified with a FineCare™ FIA 
meter. 

Results: The minor A allele of rs3731864 was associated with enhanced risk of T2DM (OR = 0.28, 95%CI: 0.144-0.58, 
P = 0.0005). T2DM patients had significantly higher circulating D-dimer (P < 0.0001) and thrombin levels (P = 0.0035), 
but lower hepcidin levels (P = 0.0025) than controls. But the levels of hepcidin were statistically higher in poor-
controlled glycemic (HbA1c ≥7%) patients. Good diagnostic accuracy of hepcidin (0.73) and D-dimer was revealed 
by analysis of ROC curve (AUC=0.69). 

Conclusion: NRAMP1 rs3731864 A allele is a significant risk factor for T2DM in the Iraqi population. This genetic 
predisposition is accompanied by a prothrombotic state and altered iron metabolism, highlighting the interplay 
between innate immunity, coagulation, and iron regulation in T2DM. 
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1. INTRODUCTION 

Type 2 Diabetes Mellitus (T2DM) is a major global 

public health challenge characterized by chronic 

hyperglycemia that results from a progressive loss of 

beta-cell insulin secretion, often in the context of insulin 

resistance.1,2 According to the International Diabetes 

Federation (IDF), the number of diabetes mellitus cases 

is growing exponentially, reaching several hundreds of 

millions affected among global population. It is expected 

that this number will rise dramatically in the next few 

decades, especially in low- and middle-income 

countries.3,4 T2DM is a complex, heterogeneous disease 

which leads to long-term morbidity and morality 
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through both microvascular and macrovascular 

complications as consequences of chronic inflammation 

and sustained pro-thrombotic state.5 

T2DM aetiology is characterized by the important 

interaction of genetic susceptibility and environmental 

factors. Growing evidence has emphasized the role of 

innate immunity and iron homeostasis in shaping 

T2DM susceptibility and development.6 Natural 

Resistance-Associated Macrophage Protein 1 

(NRAMP1), which is encoded by the SLC11A1 gene, 

can be regarded as one of the most important proteins in 

this sense. NRAMP1 is dually specific for divalent 

metals and operates primarily in the phagolysosomal 

membrane of macrophages to control the intracellular 

levels of essential metals, including iron and manganese 

by regulating their concentration.7,8 This function 

associates SLC11A1 with macrophage activation, 

inflammatory pathways and iron homeostasis which are 

emerging as contributors to metabolic disturbance and 

T2DM.9 For example, Polymorphisms of SLC11A1 

gene (i.e., rs3731864) have been studied for its potential 

susceptibility to T2DM and metabolic traits, but the 

results are controversial between ethnic subgroups.10 

In addition to genetic predisposition, the 

hypercoagulable state in T2DM patients is a significant 

factor in the development of vascular complications. 

Chronic hyperglycemia and inflammation lead to 

endothelial dysfunction and activation of the coagulation 

cascade.11 Hepcidin, the master regulator of systemic 

iron metabolism, is an acute-phase reactant whose levels 

are elevated in inflammatory conditions and has been 

strongly associated with an increased long-term risk of 

mortality and nonfatal cardiovascular events in T2DM 

patients.12 Furthermore, D-dimer and Human Thrombin 

are essential biomarkers of coagulation and fibrinolysis. 

Elevated plasma D-dimer levels, a product of fibrin 

degradation, and increased thrombin generation are 

direct indicators of a persistent pro-thrombotic milieu in 

T2DM, which significantly accelerates atherosclerosis 

and increases the risk of stroke and myocardial 

infarction.13,14 

Despite the established links between SLC11A1 

polymorphisms, iron dysregulation, and 

hypercoagulability in T2DM, a significant gap remains 

in the understanding of the integrated relationship 

between the NRAMP1 (rs3731864) gene polymorphism 

and the specific profile of these key biochemical 

parameters (Hepcidin, D-dimer, and Human Thrombin) 

in the context of T2DM susceptibility and complication 

risk within the Iraqi population. Genetic associations are 

known to exhibit population-specific variations owing to 

distinct genetic backgrounds and environmental 

exposure. Therefore, a localized, comprehensive study is 

necessary to accurately assess how the NRAMP1 

rs3731864 variant influences the levels of these critical 

iron and coagulation biomarkers in patients with Iraqi 

T2DM, a relationship that has not been adequately 

explored in this specific demographic. The primary aim 

of this study was to investigate the association between 

the NRAMP1 (rs3731864) gene polymorphism and the 

levels of selected biochemical parameters, namely 

Hepcidin, D-dimer, and Human Thrombin, in Iraqi 

patients with type 2 Diabetes Mellitus.  

2. METHODOLOGY 

A case-control study was conducted from November 

2024 to May 2025. The study enrolled a total of 120 

Iraqi participants, comprising 60 patients diagnosed with 

T2DM and 60 age- and sex-matched healthy controls. 

T2DM patients were recruited from the outpatient 

diabetes clinic of Al-Hamza General Hospital in 

Diwaniyah Governorate. The diagnosis of T2DM was 

confirmed based on the ADA criteria: fasting blood 

glucose ≥126 mg/dL and/or HbA1c ≥6.5%. Healthy 

controls were individuals with no personal history of 

diabetes, normal fasting blood glucose (<100 mg/dL), 

and HbA1c <5.7%. Exclusion criteria for both groups 

included a history of type 1 diabetes, acute infections, 

liver or renal dysfunction, hematological disorders, 

recent thromboembolic events (within the last 6 months), 

pregnancy, and the use of anticoagulant therapy. 

For each individual, 7 ml of venous blood was collected 

in three vacutainer tubes. One milliliter was separated in 

an EDTA tube for genetic polymorphism analysis. 

Three ml of the blood was transferred into a sodium 

citrate tube for plasmas separation whereas 

corresponding to another 3ml was drawn into a gel tube 

for serums preparation. EDTA-tubes whole blood was 

subjected to DNA extraction directly. Serum was 

separated by centrifugation (3000 × g for 10 min) from 

blood collected in gel tubes. The prepared sera and 

plasma aliquots were placed in Eppendorf tubes and 

stored in a deep freezer at -20°C until biochemical 

analysis was done. 

2.3. Biochemical Assays 

Biochemical parameters were done in the laboratories 

of Al-Hamza General Hospital, Al-Ameen Center for 

Research and Advanced Biotechnologies, Najaf & 

Clinical Biochemistry Unit Al-Manar Laboratory. 

Fasting Blood Glucose (FBG) and HbA1c were 

determined on routine automated clinical chemistry 

analyzers. Serum Hepcidin and Human Thrombin were 

detected by ELISA kit (Elabscience, USA) in 

accordance with the manufacturer's protocol. Plasma 

concentration of D-dimer was determined with use of a 

FineCare™ FIA meter. 
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2.4. Genotyping of NRAMP1 
Polymorphisms 

Genomic DNA was extracted from whole blood samples 

collected in EDTA tubes. NRAMP1 gene 

polymorphisms (rs3731864) were analyzed using 

polymerase chain reaction (PCR). Specific outer and 

inner primer sets were designed for each of the SNPs. 

The primer sequences for rs3731864 were: Forward 

Outer 5'-

CAGGACTTTGGGACTGCAGCCCCAAACT-3,’ 

forward inner 5'-

ACCCCTGGACCAGGCTGGGCTGACACA-3,’ 

reverse outer 5'-

CTCCCAGGCTGTTCGATGTCAGAGCCCT-3,’ and 

reverse inner 5'-

CAGAGTGGGATTCTGAAACCAGAGTGGACC-3. 

For PCR, a 25 μL reaction mixture was used, which 

includes 4.5 μL of DNA template, and 2μl each for 

forward and reverse primers with addition to 12.5 μl 

green master mix. The thermo-cycling conditions for 

amplification of the rs3731865 variant were 95°C for 5 

min, then 33 cycles at 95°C for 25 s, primer annealing at 

60°C for 30 s, and extension at 72 °C for 35 s, followed 

by a final extension step at 72 °C for another10 min. For 

SNP rs3731864, the program consisted of an initial 5 min 

at 95°C and then 30 cycles of: 5s at 95°C, 30 s at 54.5°C, 

and finally extending for a further forty seconds at72°C 

followed by an additional elongation phase for five 

minutes. The PCR products were analyzed by 1.5% 

agarose gel electrophoresis and diluted. 

2.5. Statistical analysis  

Data were collected, and the system 

was placed on a data file in Microsoft 

Excel.Afterward the data were 

analysed with GraphPad Prism 

version 9.0. Variables are presented 

as n (%) for categorical data and 

mean ± SD for continuous variables. 

Unpaired independent sample t-test 

was used to compare continuous 

variables between groups, for data 

with normal distribution. Categorical 

variables were compared using the 

chi-squared (χ²) test. Receiver 

Operating Characteristic (ROC) curve 

analysis was used to evaluate the 

diagnostic accuracy of the 

biomarkers, and area under the curve 

(AUC) with optimal cut-off value, 

sensitivity and specificity were 

obtained. The genotype and allele 

frequencies between the cases and 

controls of both BD samples were 

compared using chi squared test to estimate Hardy-

Weinberg equilibrium (HWE) within the control sample.  

3. RESULTS 

Table 1 provides a summary of demographics and 

clinical factors comparing patients with T2DM to 

healthy individuals. The T2DM group was 

substantially older and heavier (mean BMI), but this 

difference did not reach statistical significance (P = 0.08 

and P = 0.09, respectively). Unsurprisingly, fasting 

blood sugar and HbA1c values were significantly higher 

in T2DM group (P < 0.0001) signifying diabetic 

condition. Most importantly the main biomarkers were 

also significantly different in both studies: hepcidin was 

lowest in T2DM (13.84 vs 17.6 ng/ml, P = 0.0025) and 

D-dimer as well as human thrombin were significantly 

highest (P < 0.0001 and P = 0.0035, respectively). 

This table demonstrates the diagnosis value of serum 

iron, hepcidin, D-dimer and human thrombin in T2DM 

by analyzing ROC curve. Serum iron concentration was 

not diagnostically useful (AUC=0.54, P = 0.45). On the 

other hand, hepcidin, D-dimer and human thrombin 

showed good discriminatory power. D-dimer was the 

most reliable (AUC: 0.69), and exhibited high specificity 

(91.7%) and acceptable sensitivity (74.6%) at a cutoff 

value of more than (>230 ng/mL). Hepcidin also had 

good diagnostic accuracy (AUC=0.73), while human 

thrombin was highly specific (96.7%) but less sensitive 

(52.6%).  

  

Table 1: Baseline characteristics and biochemical parameters in 
study participants 

Characteristic T2DM 
Group 

(n = 60) 

Control 
Group 

(n = 60) 

P-value 

Age (years) Mean ± SD 53.1 ± 10.2 41.8 ± 9.9 0.08 

Gender  Male, n (%) 35 (58%) 30 (50%)  

0.4 Female, n (%) 25 (42%) 30 (50%) 

BMI (kg/m²) Mean ±SD 26.7 ± 3.4 25.3 ± 2.1 0.09 

Fasting Blood Sugar 
(mg/dL) 

188.4 ± 77.6 90.6 ± 7.7 < 0.0001 

HbA1c (%) 8.8 ± 3.9 4.7 ± 0.4 < 0.0001 

Serum Iron (μg/dL) 103.2 ± 58.4 99.1 ± 19.6 0.61 

Hepcidin (ng/ml) 13.84 ± 7.7 17.6 ± 5.45 0.0025** 

D-dimer (ng/mL) 288.7 ± 170 171.6 ± 58.2 < 0.0001 

Human Thrombin (pg/ml) 7.8 ± 6.2 5.3 ± 2.1 0.0035** 

Data presented as  mean ± SD or n (%); independent sample t-test.  Chi-square. 

NS: Not Significant. * P < 0.01: statistically significant 
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The distribution of genotypes and alleles of the 

NRAMP1 rs3731864 polymorphism in T2DM patients 

and controls, evaluating the risk of developing disease. 

There was a significant difference in genotype 

distribution (P = 0.0051). The wild-type GG genotype 

was higher in controls (70%), whereas the GA and AA 

genotypes, were more prevalent in T2DM patients (45% 

and 20%, respectively). Therefore, the minor A allele 

was significantly associated with risk for T2DM 

(OR=0.28, 95%CI:0.144- 0.58, P = 0.0005) which 

suggested that A allele could be a hypothetical risk allele  

 

 

 

 

 

 

 

 

or developing T2DM in this Iraqi population. The 

genotype distribution was consistent with the Hardy-

Weinberg Equilibrium for the control group, which 

represented a random sample.  

4. DISCUSSION 

The present study presents a complete correlation 

between the NRAMP1 gene polymorphism, iron 

metabolism and hypercoagulability in Iraqi patients with 

T2DM. The main results showed significant association  

Table 2: Subgroup analysis of biochemical parameters by glycemic control status in 
the T2DM Group 

Parameter T2DM Controlled  
(n = 16)  

T2DM Uncontrolled 
(n = 44)  

P-value  

HbA1c (%) 6.1 ± 0.8 9.7 ± 4.2 0.0014 

Fasting Glucose (mg/dL) 143.8 ± 61.2 204 ± 77.2 0.0062 

Hepcidin (ng/mL) 11.2 ± 4.8 14.8 ± 8.3 0.03 

D-dimer (ng/mL) 208.5 ± 79.5 316.1 ± 184 0.033 

Human Thrombin (pg/mL) 5.2 ± 2.9 8.1 ± 6.8 0.11 

* P < 0.01: statistical significance. Independent sample t-test. Data presented as Mean ± SD 

Table 3: Diagnostic performance of biomarkers for identifying type 2 diabetes mellitus. 

Biomarker AUC (95% CI) P-value Optimal 
Cut-off 

Sensitivity 
(%) 

Specificity 
(%) 

Serum Iron (μg/dL) 0.54 (0.44 to 0.63) 0.45 ≤ 76 25 95 

Hepcidin (ng/ml) 0.73 (0.66 to 0.80) < 0.001 ≤ 13.6 72.9 68.3 

D-dimer (ng/mL) 0.69 (0.61 to 0.77) < 0.001 >230  74.6 91.7 

Human Thrombin(pg/ml) 0.65 (0.56 to 0.74) 0.004 >7.0 52.6 96.7 

Abbreviation: AUC, Area Under the Curve; CI, Confidence Interval. 

Table 4: Association of NRAMP1 rs3731864 genotype and allele frequencies with T2DM susceptibility. 

Genotype Control 
(n =  40) 

T2DM Group  
(n =  40) 

OR (95% CI)* P-value 

NRAMP1 rs3731864 GG  28 (70) 14 (35) 1 [reference] --- 

GA  10 (25) 18 (45) 0.45 (0.084 to 1.75) 0.0051** 

AA  2 (5) 8 (20) 

 

HWE 

Expected GG 27 (70) 13 (35) 1 [reference] --- 

Expected GG 12 (25) 20 (45) 0.23 (0.019 to 1.8) 0.003** 

Expected GG 1 (5) 7 (20) 

Allele 

NRAMP1 rs3731864 G 66 (82) 46 (58) 1 [reference] --- 

A 14 (18) 34 (42) 0.28 (0.144 to 0.58) 0.0005 

Total 80 80   

Data presented as  n (%); HWE: Hardy-Weinberg Equilibrium, Chi-square, Significant at P < 0.001. 
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of rs3731864 polymorphism with susceptibility to 

T2DM as well as severe disturbances in major 

biomarkers of coagulation and iron homeostasis. Shot 

text These findings not only confirm the multifactorial 

aetiology of T2DM, but also emphasize the role of 

population-specific SNPs as well as indicate the clinical 

significance of prothrombotic and inflammatory process 

involved in T2DM. 

The present study identified significantly elevated levels 

of D-dimer and human thrombin in T2DM patients 

compared to those in healthy controls, confirming the 

presence of a hypercoagulable state. This is consistent 

with the large body of evidence from the last decade 

demonstrating that T2DM is a prothrombotic 

condition.11,15 The elevated D-dimer level, a specific 

product of cross-linked fibrin degradation, indicates 

ongoing activation of both coagulation and fibrinolysis. 

This suggests a dynamic but ultimately pathological state 

in which the body continuously forms and dissolves 

microclots, placing patients at a heightened risk for 

vascular events. Our findings align with a 2022 study by 

Cheng et al., which established high D-dimer 

concentration as an independent predictor of adverse 

cardiovascular outcomes in a T2DM population, even 

after adjusting for conventional risk factors.16 

Furthermore, a 

recent study by 

Khatun et al. 

(2025) similarly 

reported 

significantly 

higher D-dimer 

and fibrinogen 

levels in diabetic 

patients, 

reinforcing the 

concept of a 

persistent 

thrombotic alert 

in this group.13 

The concurrent 

increase in 

human thrombin 

provides a 

mechanistic 

basis for this 

observation. 

Thrombin is the 

central enzyme 

in the 

coagulation 

cascade and its 

increased 

generation, as 

observed in our cohort, directly reflects a more active 

coagulation process. This is likely driven by 

hyperglycemia and insulin resistance, which upregulate 

coagulation factors and promote endothelial 

dysfunction.17 Recent research by Han et al. (2024) 

further solidified this link, showing that elevated 

thrombin generation potential is associated with incident 

T2DM, suggesting that it is not just a consequence but 

also a potential contributor to the progression of the 

disease.18 This prothrombotic milieu is a critical driver 

of accelerated atherosclerosis and an increased risk of 

myocardial infarction and stroke that characterizes 

T2DM. 

Our study of iron metabolism produced a tangle of 

confusing, but nevertheless illuminating, findings. 

Although T2DM group had lower hepcidin levels, a 

subgroup analysis showed that patients with inadequate 

glycemic control (HbA1c ≥ 7%) presented higher 

hepcidin level. This observation illustrates the complex 

regulation of hepcidin by body iron levels, 

inflammation, and metabolic cues. The lower hepcidin 

levels in the total group may represent an adaptive 

mechanism to underlying iron deficiency or other 

measures, but the increase in the uncontrolled group is 

remarkable. This finding indicates the possibility that 

chronic inflammation and strong metabolic stress, which 

Figure1: Gel electrophoresis of NRAMP1 rs3731864 genotyping: Products of PCR were run 
on 1.5% agarose gel (72 V, 80 min). Lanes, 1-40: Participant samples (Lane M is a 100 bp 
DNA ladder as molecular weight marker). The bands in the gels refer to the predicted 
product sizes 395 bp, 249 bp and 203 bp for each genotype of SNP rs3731864. 
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are characteristics of uncontrolled diabetes, may 

supersede the other signals stimulating hepcidin 

production. 

This finding is of high clinical relevance, as a landmark 

prospective study by Mantovani et al. (2024) recently 

demonstrated that elevated plasma hepcidin levels are 

strongly associated with an increased long-term risk of 

mortality and non-fatal cardiovascular events in T2DM 

patients.19 The proposed mechanisms involve hepcidin-

mediated iron deposition in macrophages within 

atherosclerotic plaques, which exacerbates lipid 

peroxidation, foam cell formation, and ferroptosis, an 

iron-dependent form of cell death implicated in 

cardiovascular pathology.19,20 Therefore, the elevated 

hepcidin levels observed in our poorly controlled 

patients could be a key link between metabolic 

dysregulation and increased cardiovascular risk. This 

aligns with broader research indicating that iron 

dysregulation, characterized by either overload or 

deficiency, is a significant risk factor for metabolic and 

cardiovascular disease.21 The causal role of iron in 

T2DM has been further strengthened by large-scale 

Mendelian randomization studies, such as that of Wang 

et al. (2021), which provided genetic evidence 

supporting a causal link between increased systemic iron 

status and higher T2DM risk.22 

A central finding of our study is the significant 

association of SLC11A1 rs3731864 polymorphism with 

T2DM in the Iraqi population, where the minor 'A' allele 

conferred an increased risk of the disease. SLC11A1, 

encoding a divalent metal transporter in macrophages, is 

a critical component of innate immunity and 

inflammatory pathways.23 Its role in regulating 

macrophage activation and iron homeostasis makes it a 

strong biological candidate for influencing T2DM 

susceptibility, a disease fundamentally linked to chronic 

low-grade inflammation. 

The wider function of SLC11A1 as a key immune 

response regulator is well-recognised. A larger 

systematic review and meta-analysis of Archer et al. 

(20152) showed that genetic variants in the whole 

SLC11A1 region are undoubtedly associated with 

susceptibility to infectious (e.g tuberculosis) as well as 

autoimmune diseases.24 This places the gene at a critical 

juncture in the balance between host defense and 

immune tolerance. Various polymorphisms have been 

associated with various autoimmune diseases such as 

rheumatoid arthritis and inflammatory bowel disease 

exhibiting contradictory effects. For example, one study 

found that the 469+14G/C polymorphism (rs3731865) is 

related to increased susceptibility of autoimmune 

diseases especially rheumatoid arthritis according to a 

meta-analysis.24 This particular variant has also been 

linked to susceptibility to T1D in European 

populations.25 

Interestingly, our results contrast with a 2023 study by 

Kavian et al. in an Iranian population, which found that 

the same rs3731864 'A' allele was associated with a 

protective effect against T2DM.26 This discrepancy 

underscores the well-established principle that the 

impact of genetic polymorphisms on complex diseases 

can vary significantly across different ethnic populations 

owing to distinct genetic backgrounds and 

environmental exposures. While our study points to the 

'A' allele as a risk factor in Iraqis, the study by Kavian et 

al. suggests a different role in a neighboring population. 

Such population-specific effects are crucial for the future 

of personalized medicine and highlight the necessity of 

conducting localized genetic association studies. The 

functional consequence of the rs3731864 variant, which 

is located in an intronic region, may be related to altered 

splicing of the SLC11A1 transcript, as suggested by in 

silico analysis from the study by Kavian et al., 

potentially leading to a dysregulated inflammatory 

response in macrophages.26 

5. LIMITATIONS 

The case control design does not allow us to draw 

conclusions about causality and although the sample 

size is adequate for initial association, replication in a 

larger multicenter Iraqi cohort would be an advantage. 

We also did not directly measure the inflammatory 

cytokines to match with our genetic and biochemical 

results. Further research should include prospective 

studies to validate the predictive role of these biomarkers 

in Iraqi population. Functional studies are needed to 

confirm the specific molecular mechanism by which 

rs3731864 polymorphism affects macrophage function 

and T2DM predisposition in this ethnic group. 

Examination of an interaction between this genetic 

variant, hepcidin expression and the prothrombotic state 

is necessary to better understand the pathogenesis of 

T2DM and design treatment approaches. 

6. CONCLUSION 

The present study provides strong evidence that 

SLC11A1 rs3731864 polymorphism is a major T2DM 

risk factor in the Iraqi population. This genetic 

predisposition is paralleled by a clear prothrombotic 

phenotype, consisting of increased levels D-dimer and 

thrombin, and by an altered iron inflammatory axis with 

changes in hepcidin levels particularly among patients 

with poor glycemic control. Our results indicate that 

innate immunity, coagulation, and iron metabolisms 

closely intersect with the T2DM process. Biomarkers 

that were studied, hepcidin, D-dimer and thrombin, hold 
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the potential to be used for risk stratification and 

potentially identifying those at risk for CVD in whom 

aggressive modification of cardiovascular risk such as 

lipid reduction may be beneficial. This work highlights 

the need for population-specific genetic research and 

opens doors for further study of individualized therapy 

with a focus on these interconnected pathways. 
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