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Abstract  

      Low-grade chronic inflammation is central to the pathogenesis 

of Type 2 diabetes and early diabetic nephropathy; therefore, the 

predictive biomarkers of the early renal and metabolic dysfunction 

could be cytokines like IL-6, TNF-α and IL-10.  This study intended 
to assess the IL-6, IL-10, and TNF-al levels in Type 2 diabetes 

mellitus patients and to determine their possible application as 

predictive inflammatory biomarkers of early diabetic nephropathy. 

The study was a case-control study with 150 participants (100 

patients with T2DM and 50 control),  who admitted to Al-Habbobi 

Teaching Hospital, Iraq for the period extended January 2024 to 

February 2025. Diabetic patients were categorized into two groups 

first with nephropathy and the second without. Diagnosis was based 

on American Diabetes Association criteria (ADA) criteria and 

nephropathy was based on microalbuminuria and eGFR. Fasting 

blood sampling and clinical assessment were done. The biochemical 
parameters were automatically measured and level of IL-6, IL-10, 

and TNF-α were measured using ELISA. Ages and sex of T2DM 

patients were similar to the controls but with greater BMI, blood 

pressure, HbA1c, and lower eGFR. Inflammatory imbalance was 

manifested by a high level of IL-6, TNF-α, and CRP and a decrease 

in IL-10. Patients with nephropathy at an early stage possessed 

increased pro-inflammatory indicators and ACR with reduced IL-

10. There was a positive correlation between IL-6 and TNF-α and 

HbA1c and ACR and negative correlation between eGFR. 

Regression analysis revealed that IL-6, TNF-α, HbA1c and BMI 

were independent predictors of early nephropathy. In conclusion, 

high IL-6 and TNF-α and low IL-10 are indications of chronic 
inflammatory responses that lead to insulin resistance, endothelial 

dysfunction, and early kidney damage in T2DM. These cytokines 

alone foresee nephropathy because of their effects on oxidative 

stress, mesangial expansion, and glomerular permeability. 

 

Keywords: Type 2 Diabetes Mellitus; IL-6; TNF-α; IL-10; Early 

Diabetic Nephropathy.

Introduction         
 

    Type 2 diabetes mellitus (T2DM) is a long term metabolic disease where the person is 

constantly experiencing hyperglycemia due to insulin resistance and the gradual 

degeneration of beta cells in the pancreas. It is one of the largest international health issues 
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which face a soaring prevalence rate and a dramatic morbidity and mortality (1). Diabetic 

nephropathy is one of the microvascular outcomes of this disease and is one of the most 

severe long-term complications that occur and is a primary cause of end-stage renal 

disease in the global arena. Historically, hyperglycemia, hemodynamic changes, and 

metabolic imbalance were believed to be the major causes of diabetic kidney damage. 

Nevertheless, there is an increasing body of evidence showing that chronic low-grade 

inflammation is the pivotal factor with regard to the onset and course of T2DM and its 

renal complications (2, 3). 

Inflammation in T2DM is currently the accepted persistent immune-metabolic imbalance 

caused by dysfunction of adipose tissue, oxidative stress, and end-products of advanced 

glycation (AGE) build-up. Increased adipose tissue has adipocytes and infiltrating 

macrophages that secrete pro-inflammatory cytokines that disrupt insulin signaling 

pathways. Two of these interleukin-6 (IL-6) and tumor necrosis factor-alpha (TNF-α) 

have proven to be important mediators of systemic insulin resistance (4, 5). TNF-α 

suppresses phosphorylation of the insulin receptor substrate (IRS) and interferes with the 

PI3K/Akt- signal transduction, which inhibits glucose uptake in peripheral tissues. 

Likewise, IL-6 is a stimulation of gluconeogenesis in the liver and the increase of C-

reactive protein (CRP) production strengthens the systemic inflammation. Continuous 

increase in these cytokines is a cause of not only metabolic dysregulation but also 

endothelial dysfunction and vascular injury (6). On the contrary, interleukin-10 (IL-10) 

is an anti-inflammatory cytokine affecting immune responses by inhibiting the production 

of pro-inflammatory cytokines and macrophage activation. The protective role of IL-10 

is in the preservation of the state of immunity and the avoidance of excessive tissue 

damage (7). Individuals with metabolic syndrome and T2DM have been found to have 

low quantities of IL-10, implying that they do not regulate anti-inflammatory functions. 

The low proportion of anti-inflammatory to pro-inflammatory cytokines is thus regarded 

as one of the manifestations of metabolic inflammation and could be taken as an early 

sign of the disease evolution (8, 9). 

Once regarded as a result of hyperglycemia neglecting the role of comorbid factors, 

diabetic nephropathy is now considered an inflammatory-mediated disease, as it is 

initially manifested by microalbuminuria and progressive loss of glomerular filtration rate 

(GFR). Hyperglycemia triggers oxidative stress, mitochondrial dysfunction, and nuclear 

factor-kappa B (NF- κB) activation that stimulates inflammatory cytokine transcription 

in tissue in the kidney (10). High IL-6 and TNF-α levels stimulate mesangial cell growth, 

deposition of the extracellular matrix, podocyte apoptotic processes, and hyperpermeable 

glomerules, leading to albuminuria and structural damage of renal tissue (11). 

Additionally, intrarenal hemodynamic alterations are worsened by the action of 

inflammatory cytokines and speed up the process of nephron loss. In contrast, sufficient 

anti-inflammatory responses with the participation of IL-10 can reduce inflammation in 

the kidneys and delay the development of the disease (12). 

Early detection of patients who have the risk of developing nephropathy is still one of the 

leading clinical challenges. In spite of the popularity of albumin/creatinine ratio (ACR) 

and estimated glomerular filtration rate (eGFR) as commonly used indicators of renal 

function, those in the majority of cases represent an indication of pre-existing renal 

damage as opposed to early signs of inflammatory changes (13). Thus, the discovery of 

predictive inflammatory biomarkers would enhance risk stratification and make it easier 

to intervene with therapy early. Some of the researches have also risen the amount of IL-

6 and TNF-α in diabetic kidney disease patients and lower concentrations of IL-10 have 

been correlated with greater renal impairment. However, the extent of prediction of these 

cytokines on early nephropathy remains to be established in addition to their potential to 
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be independently linked to metabolic parameters, particularly in other population groups 

(14, 15). Moreover, the interplay between the glycemic regulation and the obesity, 

systemic inflammation, and renal failure demonstrate the drug effect of diabetic 

complication. Inflammatory activation is enhanced by bad glycemic control (high 

HbA1c) and body mass index (BMI) only enhances the release of cytokines by the 

adipose tissue. This results in an inflammatory cascade which culminates in a vicious 

cycle of metabolic stress and renal injury. This cytokine-mediated process is one avenue 

that can be investigated to offer new data on effective anti-inflammatory therapies to 

avoid renal risk among patients with T2DM (16, 17). In that respect, the evaluating of IL-

6, IL-10, and TNF-α as inflammatory prognostic biomarkers in T2DM and early 

nephropathy has high clinical value. Evaluation of their correlation with glycemic control, 

indices of renal functionality and albuminuria could be more insightful in evaluating the 

inflammatory processes underlying diabetic renal damage. Moreover, their independent 

predictive value may be established, which will justify their possible application as early 

diagnostic and prognostic predictors (18). Accordingly, the present study was designed 

to investigate the serum levels of IL-6, IL-10, and TNF-α in patients with Type 2 Diabetes 

Mellitus (T2DM), assess their correlation with the early onset of nephropathy, and 

determine their potential utility as predictive inflammatory biomarkers of diabetic renal 

disease.  

 

Materials and Methods 

 

Ethical approval  

 
The human ethics committee of Al-Habbobi Teaching Hospital approved this study.  All 

the participants involved in this study were informed verbally. They also requested to sign 

a written consent form, and also assured that the information would remain confidential. 

 

Study design 

 
A case–control study was conducted at the Al-Habbobi Teaching Hospital, Iraq, between 

January 2024 and February 2025, to evaluate IL-6, IL-10, and TNF-α as predictive 

inflammatory biomarkers in Type 2 Diabetes Mellitus (T2DM) and early nephropathy. 

The study included 150 participants divided into 100 T2DM patients and 50 healthy 

individual, who age- and sex-matched to serve as a control group. The diabetic group was 

further categorised into patients without nephropathy (n = 60) and those with early 

nephropathy (n = 40). The diagnosis of T2DM was made by the American Diabetes 

Association criteria and relied on fasting plasma glucose of 126mg/dl and HbA1c of 6.5 

per cent and 2hour glucose of 200mg/dl or clinical diagnosis. The case of early diabetic 

nephropathy was determined through the existence of microalbuminuria (30-300 mg/g 

albumin-to-creatinine ratio) and maintenance of renal dynamic (eGFR 60 mL/min/1.73 

m2) obtained with the help of a CKD-EPI formula. The inclusion criteria were adults aged 

35 to 70 years with T2DM 3-years duration and three-month stable treatment and 

exclusion criteria were type 1 diabetes, acute or chronic inflammatory diseases, 

autoimmune disorders, malignancy, chronic liver disease, advanced renal failure, recent 

infection, or corticosteroid or immunosuppressive drug use. A thorough clinical 

assessment was done, including anthropometric dimensions and blood pressure 

measurement. Samples were taken following an overnight fast (8-12 hours) and an aseptic 

venous sampling of 8-10 mL of blood; samples of HbA1c were collected in EDTA 
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samples, whereas serum samples were centrifuged and stored in -20 o C. Automated 

biochemical measurements were used to measure fasting blood glucose, creatinine, and 

CRP, and urinary albumin and creatinine were measured to calculate Albumin-to-

creatinine ratio (ACR). The serum levels of IL-6, IL-10, and TNF-α were measured using 

commercially available ELISA kits as per instructions of the manufacturer and all the 

samples were measured in duplicate.  

 

Statistical analysis 

 
Statistical test was done in SPSS version 26; continuous variables were also represented 

as mean SD, frequency and percentage as categorical variables, independent t-tests were 

used to compare groups, Pearson coefficient was used to determine correlation, and 

multivariate logistic regression was used to determine the independent predictors of early 

nephropathy. A p-value of less than 0.05 was taken to be statistically significant. 

 

Results  

Comparison of Demographic Profile, Metabolic Parameters, and Renal 

Function between Study Groups 
 

As demonstrated in Table 1, there were no significant differences in age (p = 0.312) or 

sex distribution (p = 0.642) between T2DM patients and controls, which means that there 

is adequate group matching. Nevertheless, BMI, systolic blood pressure and HbA1c were 

found to be much higher in T2DM patients in comparison with controls (all p < 0.001). 

Also, the overall renal performance was observed to be lower in diabetic group as the 

values of eGFR were lower (p < 0.001). The average patient age with diabetes was 8.7 

years. These results prove that there are metabolic and early renal changes in the T2DM 

cohort. 

 

Table.1: Baseline Demographic and Clinical Characteristics of T2DM Patients and 

Healthy Controls 

 

Variable 
T2DM Patients 

(n=100) 

Controls 

(n=50) 
p-value 

Age (years) 55.8 ± 8.9 54.2 ± 9.1 0.312 

Male, n (%) 58 (58%) 27 (54%) 0.642 

Female, n (%) 42 (42%) 23 (46%)  

BMI (kg/m²) 30.6 ± 4.3 27.4 ± 3.8 <0.001 

Duration of Diabetes 

(years) 
8.7 ± 3.5 N/A N/A 

Systolic BP (mmHg) 138.4 ± 14.2 122.6 ± 11.5 <0.001 

HbA1c (%) 8.4 ± 1.2 5.3 ± 0.4 <0.001 

eGFR (mL/min/1.73m²) 78.6 ± 14.5 96.8 ± 10.7 <0.001 

 

Differences in Circulating Pro- and Anti-Inflammatory Markers Between Study 

Groups 

 

In table 2, the level of pro-inflammatory cytokines was significantly higher in T2DM 

patients than in controls. IL-6 levels were markedly higher in the diabetic group (8.92 ± 

2.31 pg/mL vs. 3.84 ± 1.12 pg/mL, p < 0.001), as were TNF-α levels (14.75 ± 3.64 pg/mL 
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vs. 7.42 ± 2.01 pg/mL, p < 0.001). Similarly, CRP concentrations were significantly 

increased among patients (6.8 ± 2.9 mg/L vs. 2.4 ± 1.3 mg/L, p < 0.001). In contrast, the 

anti-inflammatory cytokine IL-10 was significantly lower in T2DM patients compared to 

controls (4.26 ± 1.05 pg/mL vs. 5.12 ± 1.18 pg/mL, p = 0.002). These results reveal the 

existence of a strong inflammatory disproportion in patients with T2DM. 

 

Table. 2: Comparison of Inflammatory Biomarkers Between T2DM Patients and Healthy 

Controls 

Biomarker 
T2DM Patients 

(n=100) 
Controls (n=50) p-value 

IL-6 (pg/mL) 8.92 ± 2.31 3.84 ± 1.12 <0.001 

IL-10 (pg/mL) 4.26 ± 1.05 5.12 ± 1.18 0.002 

TNF-α (pg/mL) 14.75 ± 3.64 7.42 ± 2.01 <0.001 

CRP (mg/L) 6.8 ± 2.9 2.4 ± 1.3 <0.001 

 

Comparison of Cytokine Levels and Albuminuria Between Diabetic Patients With 

and Without Early Nephropathy 

 

Table. 3 shows that the level of pro-inflammatory cytokines was significantly higher in 

T2DM patients with early nephropathy than those without nephropathy. IL-6 levels were 

markedly elevated in the early nephropathy group (10.45 ± 2.41 pg/mL vs. 7.85 ± 1.98 

pg/mL, p < 0.001), as were TNF-α levels (16.89 ± 3.54 pg/mL vs. 13.42 ± 3.11 pg/mL, p 

< 0.001). Conversely, the anti-inflammatory cytokine IL-10 was significantly reduced in 

patients with early nephropathy (3.79 ± 0.88 pg/mL vs. 4.58 ± 0.97 pg/mL, p = 0.001). 

Additionally, albumin/creatinine ratio was substantially higher in the nephropathy group 

(74.2 ± 18.9 mg/g vs. 18.6 ± 6.4 mg/g, p < 0.001). These results indicate that dysregulation 

of inflammation is closely linked with early renal involvement of T2DM. 

 

Table. 3: Inflammatory Biomarkers According to Early Nephropathy Status in T2DM 

Patients 

Variable 

Without 

Nephropathy 

(n=60) 

Early Nephropathy 

(n=40) 
p-value 

IL-6 (pg/mL) 7.85 ± 1.98 10.45 ± 2.41 <0.001 

IL-10 (pg/mL) 4.58 ± 0.97 3.79 ± 0.88 0.001 

TNF-α (pg/mL) 13.42 ± 3.11 16.89 ± 3.54 <0.001 

Albumin/Creatinine 

Ratio (mg/g) 
18.6 ± 6.4 74.2 ± 18.9 <0.001 

 

Association of IL-6, IL-10, and TNF-α with Glycemic Control, Renal Function, and 

Inflammatory Markers 

 

Table 4 demonstrates significant correlations between inflammatory biomarkers and key 

metabolic and renal parameters in T2DM patients. IL-6 showed strong positive 

correlations with HbA1c (r = 0.54), ACR (r = 0.59), and CRP (r = 0.63), and a significant 

negative correlation with eGFR (r = -0.47) (all p < 0.001). TNF-α exhibited a similar 

pattern, positively correlating with HbA1c (r = 0.48), ACR (r = 0.61), and CRP (r = 0.57), 

while negatively correlating with eGFR (r = -0.52) (all p < 0.001). Conversely, IL-10 was 

negatively correlated with HbA1c, BMI, ACR, and CRP and positively correlated with 
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eGFR, which implies its protective effect. The results indicate the close association 

between inflammatory imbalance, glycemic dysregulation, and early renal impairment in 

T2DM. 

 

Table. 4: Pearson Correlation between Inflammatory Biomarkers and Clinical 

Parameters in T2DM Patients 

Variable IL-6 (r) p-value IL-10 (r) p-value TNF-α (r) p-value 

HbA1c 0.54 <0.001 -0.32 0.002 0.48 <0.001 

BMI 0.41 <0.001 -0.21 0.034 0.36 0.001 

eGFR -0.47 <0.001 0.29 0.004 -0.52 <0.001 

ACR 0.59 <0.001 -0.38 <0.001 0.61 <0.001 

CRP 0.63 <0.001 -0.35 <0.001 0.57 <0.001 

 

Independent Predictors of Early Renal Impairment Based on 

Inflammatory and Metabolic Parameters 
 

Table. 5 shows the multivariate logistic regression analysis which was used to identify 

the independent predictors of early nephropathy in T2DM patients. IL-6 was significantly 

associated with increased risk, with each 1 pg/mL increase raising the odds by 42% (OR 

= 1.42, 95% CI: 1.21–1.67, p < 0.001). Similarly, TNF-α independently increased 

nephropathy risk (OR = 1.36, 95% CI: 1.18–1.58, p < 0.001). In contrast, IL-10 

demonstrated a protective effect, as higher levels were associated with reduced risk (OR 

= 0.74, 95% CI: 0.59–0.92, p = 0.008). Among metabolic parameters, HbA1c (OR = 1.58, 

p = 0.002) and BMI (OR = 1.12, p = 0.011) were also significant predictors. These results 

verify that early diabetic kidney damage is caused by pro-inflammatory cytokines and 

inadequate diabetes glycemic control. 

 

Table. 5: Multivariate Logistic Regression Analysis for Prediction of Early Nephropathy 

in T2DM Patients 

Variable OR 95% CI p-value 

IL-6 (per 1 pg/mL 

increase) 
1.42 1.21 – 1.67 <0.001 

TNF-α (per 1 pg/mL 

increase) 
1.36 1.18 – 1.58 <0.001 

IL-10 (per 1 pg/mL 

increase) 
0.74 0.59 – 0.92 0.008 

HbA1c 1.58 1.19 – 2.09 0.002 

BMI 1.12 1.03 – 1.22 0.011 

 

Discussion 

 
The present study has also brought out the apparent presence of inflammatory imbalance 

in patients with type 2 diabetes mellitus (T2DM) particularly among individuals with 

early nephropathy. The baseline description made the patients and the controls similar in 

terms of age and sex that minimized the demographic confounding. However, T2DM 

patients had much higher BMIs, systolic blood pressure, and lower HbA1c and lower 

eGFR. The findings are congruent with the established metabolic phenotype of T2DM in 
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which gluttony, high blood pressure, and persistent hyperglycemia are all conditions that 

result in microvascular damage and renal failure (19). High BMI the group of the current 

study would be an indicator of exaggerated adipose tissue inflammatory signaling, a key 

factor in insulin resistance of the system and vascular pathology (20). The finding of the 

current study showed high levels of IL-6 and TNF-α in T2DM patients as opposed to 

control with significantly low levels of IL-10. The results obtained align with the earlier 

works that have shown increased pro-inflammatory cytokine in T2DM (21,22). The IL-6 

is a multifunctional cytokine that is involved in the production of hepatic CRP, 

endothelial malfunction, and insulin resistance. Unremitting hyperglycemia facilitates the 

formation of advanced glycation end-products (AGE), oxidative stress, and the activation 

of NF-κB, resulting in prolonged IL- 6, TNF-α production (23). TNF-α in this case upsets 

the signaling of insulin receptors by increasing serine phosphorylation of insulin receptor 

substrate-1 (IRS-1), thus worsening insulin resistance (24). The reduction in the IL-10, 

which is an anti-inflammatory cytokine, is observed and it indicates poor regulation of 

the immune functions in diabetes patients. The IL-10 naturally suppresses the effects of 

macrophage activation and pro-inflammatory cytokine release and thus, its depletion can 

allow the uncontrolled inflammatory development (25). 

The subgroup analysis showed that patients who had early nephropathy had significantly 

higher levels of IL-6 and TNF-α and lower levels of IL-10. This is consistent with findings 

that diabetic nephropathy is not only a hemodynamic disease but it is also an 

inflammatory disease which includes glomerular and tubular damage caused by cytokines 

(26). The IL-6 leads to the growth of mesangial cells and the extracellular matrix, whereas 

TNF-α elevates podocyte death and glomerular perm-selectivity (27). The high 

albumin/creatinine ratio (ACR) in the nephropathy group is also a significant indicator of 

the presence of connections between inflammation and renal damage. The same results 

were also indicated by Tayeh et al., (2016), who established that higher levels of IL-6 in 

circulation were predictors of diabetic kidney disease development (28). On the other 

hand, other studies have also established lesser linkages between IL-6 and early 

nephropathy. Differences in the period of disease, glycemic control, sample size or 

sensitivity of the assay could explain such discrepancies (29). 

A correlation analysis of the variables of the current study revealed high positive 

correlations among IL-6/ TNF-α, HbA1c, BMI, ACR and CRP and negative with eGFR. 

These findings support the assumption that systemic inflammation is strongly connected 

with inadequate glycemic regulation and renal failure. Persistent hyperglycemia 

facilitates the overproduction of reactive oxygen species (ROS) in the mitochondria, 

triggers inflammatory transcription factors (NF-κB and AP-1), and enhances expression 

of cytokines (30). The fact that the correlation with CRP is positive also supports the 

effect of IL-6 on the induction of hepatic acute-phase response. The IL-10 negatively 

correlates with HbA1c or ACR, which implies that the lack of anti-inflammatory activity 

can promote the onset of renal damage. This is in accordance with a study that had shown 

that less IL-10 production predisposes macrophage invasion and glomerular 

inflammation (31). 

The IL-6 and TNF-alpha were the independent predictors of early nephropathy, which 

remained after the adjustment of HbA1c and BMI. These results are consistent with the 

past reports which indicated that inflammatory factors are independent predictors of renal 

deterioration in T2DM (32). The observed odds ratios of 1.42 for IL-6 and 1.36 for TNF-

α per unit increase suggest a significant association with early nephropathy, highlighting 

their potential clinical relevance as inflammatory markers rather than definitive predictive 

biomarkers. Surprisingly, IL-10 also played a protective role, which is in line with the 

research indicating that an increase in the IL-10 concentration is linked with a slow pace 
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of diabetic kidney disease development (33). Nevertheless, other studies have not been 

able to verify the protective effect of IL-10 (34). This variability could either indicate 

heterogeneity of patterns of immune response, genetic polymorphism on production of 

the cytokines or could be due to stage of nephropathy at the time of enrolment. 

The systemic inflammatory milieu is further supported with the high CRP levels in T2DM 

patients. A product of IL-6 stimulation, CRP is also involved in endothelial dysfunction 

decreasing the bioavailability of nitric oxide and promoting vascular rigidity (35). This 

impairment of the vessels probably increases the rate of glomerular ischemia and nephron 

loss. The interaction of metabolic stress, oxidative damage and immune response, 

therefore, seems to be key in the pathogenesis of diabetic nephropathy (36). Altogether, 

the evidence of this study confirmed the idea evidence confirms the idea that the 

nephropathy at the early stage of diabetic patients is a condition of increased 

inflammatory stimulation and the lack of anti-inflammatory control. The findings of the 

current study agree with previously published study (37), which further validates the use 

of the inflammatory hypothesis in diabetic renal disease. The reported differences in 

certain contradictory studies could be attributed to differences in the population traits, 

ethnicity, used therapeutic regimens, and the laboratory procedures. Notably, the 

limitation to causal determination exists because of the cross-sectional character of most 

studies, including the results of the current study (38). 

 

Conclusion 

 

In conclusion, the results of the current study approved that  IL-6 and TNF-alpha are 

significantly increased and independently associated  with early nephropathy in T2DM, 

however,  IL-10 is protective. These results revealed to the mechanistic contribution of 

cytokine-based inflammation to diabetic renal disease and indicated the possible 

application of inflammatory biomarkers in the early risk stratification and specific 

therapeutic treatment. 

 

Declarations 
 

Acknowledgment 
The authors would like to express their sincere gratitude to the patients who participated 

in this study for their cooperation. The authors also thank the staff of Al-Habbobi 

Teaching Hospital, Iraq, for their support and assistance during sample collection.  

 

Ethics statement  
This study was conducted in accordance with the ethical standards and guidelines outlined 

in the journal’s “Ethics Approval” section. Informed consent was obtained from all 

participants prior to sample collection. 

 

Availability of Data and Materials 
The datasets used and/or analyzed during the current study are available from the 

corresponding author upon reasonable request. 

 

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



 

 

Saif M. Hasan, Nuha Hamza Khedhir. JMOB . (2026),3; (2): 15-25 

22 

 

Funding 
This research received no specific grant from any funding agency in the public, 

commercial, or not-for-profit sectors. 

 

Authors' Contributions 
SMH: designed the study, performed the statistical analysis, and drafted the manuscript. 

NHK: contributed to patient recruitment and sample collection, and performed the 

laboratory assays. All authors read and approved the final manuscript. 

References  

 

1. Galicia-Garcia U, Benito-Vicente A, Jebari S, Larrea-Sebal A, Siddiqi H, Uribe KB,  

Ostolaza H, Martín C. Pathophysiology of Type 2 Diabetes Mellitus. Int J Mol Sci. 

2020 Aug 30;21(17):6275. doi: 10.3390/ijms21176275. PMID: 32872570; PMCID: 

PMC7503727. 

 

2. Arvind Singh Jadon, Mahabir Parshad Kaushik, Kuttiappan Anitha, Shvetank Bhatt, 

Poonam Bhadauriya, Manoj Sharma, Chapter 1 - Types of diabetes mellitus, 

mechanism of insulin resistance and associated complications, Editor(s): Pratima 

Tripathi, Rama Pati Tripathi, Mahabir Parshad Kaushik, Biochemical Immunology of 

Diabetes and Associated Complications, Academic Press, 2024, Pages 1-18, ISBN 

9780443131950,  https://doi.org/10.1016/B978-0-443-13195-0.00001-6. 

 

3. Rahman Md. A, Islam S. The complications of long time treatment of insulin therapy 

in type-2 diabetes patients: A Review. Molecular Mechanism Research 2024; 2(1): 

6172. doi: 10.59429/mmr.v2i1.6172 

 

4. Chakrabarti SK, Chattopadhyay D. The link between immune aging and type 2 

diabetes: A review of mechanisms and implications. Explor Res Hypothesis Med. 

2025; 10(3):185-204. http://dx.doi.org/10.14218/ERHM.2025.00018.  

 

5. Chakrabarti SK, Chattopadhyay D. Evaluation of the relationship of cytokines 

concentrations tumor necrosis factor-alpha, interleukin-6, and C-reactive protein in 

obese diabetics and obese non-diabetics: A comparative study. Biotechnol Appl 

Biochem. 2024; 71(2):272-279. http://dx.doi.org/10.14218/ERHM.2025.00018.  

 

6. Micić D, Lalić N, Djukić V, Stanković S, Trajković G, Oluić B, & Polovina S.  

Influence of IL-6, TNF-α and hs-CRP on insulin sensitivity in patients after 

laparoscopic cholecystectomy or open hernia repair. J Med Biochem. 2018;37(3):328-

334. https://doi.org/10.1515/jomb-2017-0043.  

 

7. Freitas RDS, de Souza Silva CM, Ferreira Fratelli C, Ramos de Lima L, Morato Stival 

M, Schwerz Funghetto S, & Vieira de Andrade R.  IL-10 and IL-1β serum levels, 

genetic variants, and metabolic syndrome: Insights into older adults’ clinical 

characteristics. Nutrients. 2024; 16(8):1241. https://doi.org/10.3390/nu16081241  

 

8. Mitra P, Suri S, Saxena  I, Shukla RK, Shukla KK, & Sharma P. Downregulation of 

interleukin-10 receptor (IL-10R) along with low serum IL-10 levels in newly 

https://doi.org/10.1016/B978-0-443-13195-0.00001-6
http://dx.doi.org/10.14218/ERHM.2025.00018
http://dx.doi.org/10.14218/ERHM.2025.00018
https://doi.org/10.1515/jomb-2017-0043
https://doi.org/10.3390/nu16081241


 

 

Saif M. Hasan, Nuha Hamza Khedhir. JMOB . (2026),3; (2): 15-25 

23 

 

diagnosed type 2 diabetes mellitus patients. Gene Rep. 2021;24:101251. 

https://doi.org/10.1016/j.genrep.2021.101251.  

 

9. Yuan N, Zhang HF, Wei Q, Wang P, & Guo WY.  Expression of CD4+ CD25+ 

Foxp3+ regulatory T cells, interleukin-10 and transforming growth factor β in newly 

diagnosed type 2 diabetic patients. Exp Clin Endocrinol Diabetes. 2018;126(2):96-

101. https://doi.org/10.1055/s-0043-113454.  

 

10. Amorim RG, Guedes GDS, Vasconcelos SML, & Santos JCDF. Kidney disease in 

diabetes mellitus: Cross-linking between hyperglycemia, redox imbalance and 

inflammation. Arq Bras Cardiol. 2019; 112:577-587. 

https://doi.org/10.5935/abc.20190077.  

 

11. Zamanian MY, Alsaab HO, Golmohammadi M, Yumashev A, Jabba AM, Abid M 

K, & Obakiro SB. NF-κB pathway as a molecular target for curcumin in diabetes 

mellitus treatment: Focusing on oxidative stress and inflammation. Cell Biochem 

Funct. 2024;42(4):e4030. https://doi.org/10.1002/cbf.4030.  

 

12. Li J, Liu H, Shang L. Tert-butylhydroquinone mitigates renal dysfunction in pregnant 

diabetic rats via attenuation of oxidative stress and modulation of the iNOS/NF-

κB/TNF-α signalling pathway. Endocr Metab Immune Disord Drug Targets. 

2023;23(5):633-646. https://doi.org/10.2174/1871530322666220908153118.  

 

13. Fathy SA, Mohamed MR, Ali MA, El-Helaly AE, & Alattar AT. Influence of IL-6, 

IL-10, IFN-γ and TNF-α genetic variants on susceptibility to diabetic kidney disease 

in type 2 diabetes mellitus patients. Biomarkers. 2019;24(1):43-55. 

https://doi.org/10.1080/1354750X.2018.1501761.  

 

14. Araújo LS, Torquato BGS, da Silva CA, dos Reis Monteiro MLG, dos Santos Martins 

ALM, da Silva MV,  & Machado JR. Renal expression of cytokines and chemokines 

in diabetic nephropathy. BMC Nephrol. 2020; 21(1):308. 

https://doi.org/10.1186/s12882-020-01960-0.  

 

15. Syed Khaja AS, Binsaleh NK, Beg MMA, Ashfaq F, Khan MI, Almutairi MG & 

Ginawi IAM. Clinical importance of cytokine (IL-6, IL-8, and IL-10) and vitamin D 

levels among patients with type-1 diabetes. Sci Rep. 2024;14(1):24225. 

https://doi.org/10.1038/s41598-024-73737-6.  

 

16. Kumar M, Dev S, Khalid MU, Siddenthi SM, Noman M, John C, Akubuiro C, Haider 

A, Rani R, Kashif M, Varrassi G, Khatri M, Kumar S, Mohamad T. The Bidirectional 

Link Between Diabetes and Kidney Disease: Mechanisms and Management. Cureus. 

2023 Sep 20;15(9):e45615. doi: 10.7759/cureus.45615. PMID: 37868469; PMCID: 

PMC10588295. 

 

17. Kumar M, Dev S, Khalid MU, Siddenthi SM, Noman M, John C, & AKUBUIRO C. 

Immune inflammation and metabolic interactions in the pathogenesis of diabetic 

nephropathy. Front Endocrinol. https://doi.org/2025;16:1602594.  

 

18. Sánchez-Valencia PE, Díaz-García JD, Leyva-Leyva M, Sánchez-Aguillón, F., 

González-Arenas NR, Mendoza-García JG & Olivo-Díaz A. Frequency of tumor 

https://doi.org/10.1016/j.genrep.2021.101251
https://doi.org/10.1055/s-0043-113454
https://doi.org/10.5935/abc.20190077
https://doi.org/10.1002/cbf.4030
https://doi.org/10.2174/1871530322666220908153118
https://doi.org/10.1080/1354750X.2018.1501761
https://doi.org/10.1186/s12882-020-01960-0
https://doi.org/10.1038/s41598-024-73737-6
https://doi.org/2025;16:1602594


 

 

Saif M. Hasan, Nuha Hamza Khedhir. JMOB . (2026),3; (2): 15-25 

24 

 

necrosis factor-α, interleukin-6, and interleukin-10 gene polymorphisms in Mexican 

patients with diabetic retinopathy and diabetic kidney disease. Pathophysiology. 

2025;32(2):14. https://doi.org/10.3390/pathophysiology32020014.  

 

19. Horton WB, Barrett EJ. Microvascular dysfunction in diabetes mellitus and 

cardiometabolic disease. Endocr Rev. 2021;42(1):29-55.  

https://doi.org/10.1210/endrev/bnaa025.  

 

20. Climie RE, van Sloten TT, Bruno RM, Taddei S, Empana JP, Stehouwer CD & 

Laurent S. Macrovasculature and microvasculature at the crossroads between type 2 

diabetes mellitus and hypertension. Hypertension. 2019; 73(6):1138-1149. 

https://doi.org/10.1161/HYPERTENSIONAHA.118.11769.  

 

21. Fadaei R, Bagheri N, Heidarian E, Nouri A, Hesari Z, Moradi N & Ahmadi R. Serum 

levels of IL-32 in patients with type 2 diabetes mellitus and its relationship with TNF-

α and IL-6. Cytokine. 2020;125:154832. https://doi.org/10.1016/j.cyto.2019.154832. 

 

22. Bashir H, Bhat SA, Majid S, Hamid R, Koul RK,  Rehman MU & Masood A. Role 

of inflammatory mediators (TNF-α, IL-6, CRP), biochemical and hematological 

parameters in type 2 diabetes mellitus patients of Kashmir, India. Med J Islam Repub 

Iran. 2020;34:5. https://doi.org/10.34171/mjiri.34.5.  

 

23. Giraldez MD, Carneros D, Garbers C, Rose-John S, & Bustos M. New insights into 

IL-6 family cytokines in metabolism, hepatology and gastroenterology. Nat Rev 

Gastroenterol Hepatol. 2021; 18(11):787-803. https://doi.org/10.1038/s41575-021-

00473-x.  

 

24. Khalid M, Alkaabi J, Khan MA, & Adem A. Insulin signal transduction perturbations 

in insulin resistance. Int J Mol Sci. 2021;22(16):8590. 

https://doi.org/10.3390/ijms22168590.  

 

25. Barry JC, Shakibakho S, Durrer C, Simtchouk S, Jawanda KK, Cheung ST& Little 

JP. Hyporesponsiveness to the anti-inflammatory action of interleukin-10 in type 2 

diabetes. Sci Rep. 2016;6:21244. https://doi.org/10.1038/srep21244.  

 

26. Fathy SA, Mohamed MR, Ali MA, El-Helaly AE & Alattar AT. Influence of IL-6, 

IL-10, IFN-γ and TNF-α genetic variants on susceptibility to diabetic kidney disease 

in type 2 diabetes mellitus patients. Biomarkers. 2019;24(1):43-55. 

https://doi.org/10.1080/1354750X.2018.1501761.  

 

27. Ortega LM, Fornoni A. Role of cytokines in the pathogenesis of acute and chronic 

kidney disease, glomerulonephritis, and end-stage kidney disease. Int J Interferon 

Cytokine Mediator Res. 2010:49-62. https://doi.org/10.2147/IJICMR.S10111.  

 

28. Tayeh O, Taema KM, Eldesouky MI & Omara AA. Urinary albumin/creatinine ratio 

as an early predictor of outcome in critically-ill septic patients. Egypt J Crit Care Med. 

2016; 4(2):47-55. https://doi.org/10.1016/j.ejccm.2016.03.002.  

 

https://doi.org/10.3390/pathophysiology32020014
https://doi.org/10.1210/endrev/bnaa025
https://doi.org/10.1161/HYPERTENSIONAHA.118.11769
https://doi.org/10.1016/j.cyto.2019.154832
https://doi.org/10.34171/mjiri.34.5
https://doi.org/10.1038/s41575-021-00473-x
https://doi.org/10.1038/s41575-021-00473-x
https://doi.org/10.3390/ijms22168590
https://doi.org/10.1038/srep21244
https://doi.org/10.1080/1354750X.2018.1501761
https://doi.org/10.2147/IJICMR.S10111
https://doi.org/10.1016/j.ejccm.2016.03.002


 

 

Saif M. Hasan, Nuha Hamza Khedhir. JMOB . (2026),3; (2): 15-25 

25 

 

29. Hu Z, Song C, Zhang J. Elevated serum albumin-to-creatinine ratio as a protective 

factor on clinical outcomes among critically ill patients with sepsis: A retrospective 

study. Front Med. 2024;11:1436533. https://doi.org/10.3389/fmed.2024.1436533. 

 

30. Mahmoud Ali Ramadan, A., Hassan Mohamed, A., Ahmed Saad, M., Moustafa 

Tahoun, M., Emad Eldeen Mohy Eldeen Hamoda, M., & Hussein Arafa, M. 

Association of C-reactive protein, tumor necrosis factor-alpha, and interleukin with 

chronic kidney disease in elderly. Egypt J Geriatr Gerontol. 2024;11(2):22-39. 

https://doi.org/10.21608/ejgg.2024.382689.   

 

31. Cohen E, Margalit I, Shochat T, Goldberg E & Krause I. Markers of chronic 

inflammation in overweight and obese individuals and the role of gender: A cross-

sectional study of a large cohort. J Inflamm Res. 2021:567-573. 

https://doi.org/10.2147/JIR.S294368.  

 

32. Elmarakby AA, Abdelsayed R, Yao Liu J, & Mozaffari MS. Inflammatory cytokines 

as predictive markers for early detection and progression of diabetic nephropathy. 

EPMA J. 2010;1(1):117-129. https://doi.org/10.1007/s13167-010-0004-7.  

 

33. Barreto DV, Barreto FC, Liabeuf S, Temmar M, Lemke HD, Tribouilloy C. Plasma 

interleukin-6 is independently associated with mortality in both hemodialysis and pre-

dialysis patients with chronic kidney disease. Kidney Int. 2010;77(6):550-556. 

https://doi.org/10.1038/ki.2009.503.  

 

34. Barreto DV, Barreto FC, Liabeuf S, Temmar M, Lemke HD, Tribouilloy C. Plasma 

interleukin-6 is independently associated with mortality in both hemodialysis and pre-

dialysis patients with chronic kidney disease. Kidney Int. 2010; 77(6):550-556. 

https://doi.org/10.1038/ki.2009.503.  

 

35. lapp BR, Hirschfield GM, Storry C, Gallimore JR, Stidwill RP, Singer, M & 

Hingorani AD. Inflammation and endothelial function: Direct vascular effects of 

human C-reactive protein on nitric oxide bioavailability. Circulation. 

2005;111(12):1530-1536. https://doi.org/10.1161/01.CIR.0000159336.31613.31.  

 

36. Didion SP. Cellular and oxidative mechanisms associated with interleukin-6 

signaling in the vasculature. Int J Mol Sci. 2017;18(12):2563. 

https://doi.org/10.3390/ijms18122563.  

 

37. Navarro-González JF, Mora-Fernández C, Muros de Fuentes M, García-Pérez J. 

Inflammatory molecules and pathways in the pathogenesis of diabetic nephropathy. 

Nat Rev Nephrol. 2011 Jun;7(6):327-40. doi: 10.1038/nrneph.2011.51. Epub 2011 

May 3. PMID: 21537349. 

 

38. Araújo LS, Torquato BGS, da Silva CA, Dos Reis Monteiro MLG, Dos Santos 

Martins ALM, da Silva MV, Dos Reis MA, Machado JR. Renal expression of 

cytokines and chemokines in diabetic nephropathy. BMC Nephrol. 2020 Jul 

28;21(1):308. doi: 10.1186/s12882-020-01960-0. PMID: 32723296; PMCID: 
PMC7389446. 

 

https://doi.org/10.3389/fmed.2024.1436533
https://doi.org/10.21608/ejgg.2024.382689
https://doi.org/10.2147/JIR.S294368
https://doi.org/10.1007/s13167-010-0004-7
https://doi.org/10.1038/ki.2009.503
https://doi.org/10.1038/ki.2009.503
https://doi.org/10.1161/01.CIR.0000159336.31613.31
https://doi.org/10.3390/ijms18122563

