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Abstract  Introduction: Type 2 diabetes mellitus (T2DM) is a leading cause of chronic kidney disease (CKD), with 

inflammation and immune dysregulation playing key roles in disease progression. This study aimed to compare clinical, renal, 

and inflammatory markers in T2DM patients with and without CKD, and in healthy controls, in the environmentally stressed 

Southern Aral Sea region. Methods: A retrospective analysis was conducted on 130 individuals treated between December 

2021 and December 2024. Participants were grouped as follows: T2DM with CKD (n=65), T2DM without CKD (n=45), and 

healthy controls (n=20). Clinical parameters, renal function (eGFR, cystatin C, creatinine), and inflammatory markers (IL-6, 

TNF-α, β2-microglobulin) were assessed. CKD was diagnosed using the CKD-EPI equation and urinary microalbuminuria 

according to NKF-KDOQI guidelines. Results: Patients with T2DM and CKD had significantly higher levels of IL-6 

(median 45.79 pg/mL) and TNF-α (median 30.21 pg/mL) compared to other groups (p < 0.001), indicating increased 

systemic inflammation. Cystatin C levels were elevated (median 1.98 mg/L), and eGFR was significantly lower (median 

40.24 mL/min/1.73m²) in the T2DM+CKD group (p < 0.001). No significant differences in creatinine or β2-microglobulin 

were observed between groups. HbA1c and triglyceride levels were also significantly higher in T2DM+CKD patients. 

Conclusions: Inflammatory and renal biomarkers are markedly altered in T2DM patients with CKD compared to those 

without CKD and healthy controls. These findings suggest that IL-6 and TNF-α may serve as important indicators of diabetic 

nephropathy progression. The results highlight the need for early identification of at-risk individuals, particularly in 

environmentally burdened regions such as the Southern Aral Sea.  
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1. Introduction 

Type 2 diabetes mellitus (T2DM) is a major global health 

concern and a leading cause of chronic kidney disease (CKD), 

which significantly increases the risk of cardiovascular 

morbidity and mortality. Diabetic nephropathy, a microvascular 

complication of T2DM, is characterized not only by progressive 

renal dysfunction but also by systemic inflammation and 

immune activation. In recent years, a growing body of 

evidence has emphasized the role of inflammatory mediators 

and non-traditional biomarkers in the pathogenesis and 

progression of diabetic kidney disease.  

Beta-2-microglobulin (B2M) is a small subunit of the 

major histocompatibility class I molecule, which is present 

on all nucleated cells [1]. Because it is non-covalently 

associated with the α chain and has no direct attachment   

to the cell membrane, free B2M circulates in blood after 

being shed from cell surfaces or by intracellular release. 

Once released,  B2M is almost exclusively  eliminated by  
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glomerular filtration and has been used to determine the 

estimated glomerular filtration rate (eGFR). B2M concentration 

is fairly constant in healthy individuals [1], whereas blood 

levels of B2M increase in disease states such as renal 

dysfunction (due to reduced catabolism) and in certain 

malignancies, autoimmune diseases and infections (due to 

increased production). Serum B2M has been particularly 

useful as a clinical marker of chronic kidney-disease-related 

dysfunction [1]. 

The association between higher B2M concentrations and 

mortality is well known for patients on maintenance dialysis 

therapy [2]. Serum B2M levels are greatly elevated in 

patients on dialysis and contribute to amyloid deposition, 

with associated cardiovascular dysfunction. Thus, serum 

B2M has been suggested to be a surrogate marker of 

cardiovascular disease in patients with chronic kidney 

disease (CKD) [2]. Although B2M is a marker of renal 

function, its effect on all-cause mortality was independent of 

renal function in a prospective study of 1034 non-disabled 

people aged ≥ 65 years [3]. Thus, serum B2M levels are a 

novel predictor of all-cause and diabetes-related mortality in 

patients with diabetes regardless of renal function [4]. B2M 
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is susceptible to advanced glycation end-product (AGE) 

modification and glycation; the latter renders it cytotoxic [5]. 

However, we are unaware of any study that has investigated 

whether serum B2M is associated with diabetic complications 

in patients with type 2 diabetes (T2D). Therefore, the present 

study examined the association between serum B2M and 

diabetic complications (subclinical atherosclerosis and diabetic 

microvascular complications), and included only subjects 

with preserved kidney function to clarify the role of B2M 

independently of kidney function [2]. β2-microglobulin (β2-MG) 

is a microprotein formed by lymphocytes, polymorphonuclear 

leukocytes, and platelets, which has a positive effect on   

the inflammatory response [3]. Glycosylated hemoglobin 

(HbA1c) levels can reflect the specific control of blood 

glucose levels in patients in recent months. Excessively 

elevated HbA1c levels indicate the worsening of hyperglycemic 

injury in patients, increasing the influence of hyperglycemia 

on the development of microvascular lesions [4]. Considering 

all of these, this study examined the relationship between  

the expression of serum β2-MG, HbA1c, and the evaluation 

of DN patients, providing a scientific basis for clinical 

treatment and analysis of therapeutic effects. 

Among these biomarkers, beta-2 microglobulin (β2M), a 

low-molecular-weight protein filtered by the glomerulus and 

reabsorbed in the proximal tubule, has emerged as a potential 

marker of tubular dysfunction and early renal injury. 

Elevated β2M levels are associated with glomerular and 

tubular damage and may reflect ongoing immune activation 

in patients with T2DM and CKD. 

Pro-inflammatory cytokines such as interleukin-6 (IL-6) 

and tumor necrosis factor-alpha (TNF-α) are also increasingly 

recognized for their contributory roles in the development of 

diabetic nephropathy. IL-6 is involved in the acute phase 

response and promotes inflammation, while TNF-α mediates 

cellular injury and apoptosis, both of which are implicated  

in glomerular and tubular pathology. Elevated serum 

concentrations of these cytokines correlate with declining 

renal function and are thought to contribute to the chronic 

low-grade inflammation seen in T2DM. 

The Southern Aral Sea region represents a unique 

ecological and epidemiological setting, where environmental 

degradation, economic hardship, and limited healthcare 

access may exacerbate the burden of chronic diseases, 

including T2DM and CKD. Understanding the interplay 

between metabolic, inflammatory, and regional factors is 

essential for identifying at-risk populations and developing 

targeted interventions. 

This study aims to investigate the structural-functional 

and hemodynamic features of CKD in patients with T2DM 

residing in the Southern Aral Sea area, with a particular 

focus on the prognostic value of β2M, IL-6, and TNF-α as 

markers of renal and systemic inflammatory dysfunction. 

2. Materials and Methods 

The study was planned according to ethical guidelines 

following the Declaration of Helsinki. This retrospective 

study evaluated the medical records of 130 adult patients, 

who were patients at the At the Nephrology Department of 

the Khorezm Regional Multidisciplinary Medical Center 

between December 2021 and December 2024. The patients 

were followed in the outpatient endocrinological clinic. 

Written informed consent for each participant was waived. 

Patients were diagnosed following the 1999 World Health 

Organization diabetes criteria and the estimated glomerular 

filtration rate (eGFR) and urinary microalbumin DKD 

criteria included in the NKF-KDOQI Guidelines [21,22].  

The Chronic Kidney Disease Epidemiology Collaboration 

(CKD-EPI) equation was used to calculate the estimated 

glomerular filtration rate (eGFR) in mL/min/1.73 m2.  

The mean patient age was 59.27 ±  11.88 years of age,   

66 were men and 64 were women. The cohort was divided 

into 1st group 65 (DM2T, CKD), and 2nd group 45 (DM2T, 

without CKD) and Control group patients. The pathogenesis 

and factors affecting the progression of сhronic kidney 

disease are different from those of type 2 diabetes, so they 

are not included in our study. Patient variables retrieved  

from their electronic medical records included sex, age, race, 

and medical history. Laboratory values included IL-6, 

β2-microglobulin, TNF-α, HbA1C, cholesterol, cystatin C, 

and eGFR, and other the specific lab values. Physiological 

data included DKD-associated complications and comorbid 

diseases including diabetic retinopathy, hypertension history, 

and cardiovascular disease. 

3. Results 

We analyzed the concentration of total (inactive + active) 

TNF-α, IL-6, β2-microglobulin in DM2T patients complicated 

by CKD and without CKD in control subjects. Also, we 

studied a relation of TNF-α values with IL-6, B2M counts as 

well as with hematological and biochemical parameters in 

this patients. Finally, we tested if B2M and TNF-α values 

could be a prognostic factor in DM2T patients with DKD. 

The results are presented in Table 1 and Table 2. 

Baseline demographic and clinical characteristics of the 

study population are summarized in the table. The study 

included three groups: patients with type 2 diabetes mellitus 

and chronic kidney disease (T2DM+CKD, n = 65), patients 

with T2DM without CKD (n = 45), and a control group of 

healthy individuals (n = 20). Gender distribution across the 

groups did not differ significantly, with males constituting 

44.61% in the CKD group, 46% in the non-CKD group, and 

55% in controls (p < 0.001). 

The median age was comparable between the groups: 59 

years (IQR 61–77) in the CKD group, and 60 years (IQR 

65.25) in both the non-CKD and control groups, but the 

difference reached statistical significance (p < 0.001). The 

body mass index (BMI) was significantly higher in the 

T2DM+CKD group [28.79 kg/m² (IQR 22.91–26.83)] than 

in the non-CKD group [26.76 kg/m² (IQR 21.96–26.98)] and 

controls [22.67 kg/m² (IQR 20.89–25.87)] (p = 0.043). 

https://pmc.ncbi.nlm.nih.gov/articles/PMC9403666/#B2
https://pmc.ncbi.nlm.nih.gov/articles/PMC9403666/#B3
https://pmc.ncbi.nlm.nih.gov/articles/PMC9403666/#B4
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Table 1.  The characteristics and clinical data of the patients 

№ Variables 

1st group 

(DM2T+CKD) 

n=65 

2nd group 

(DM2T, without 

CKD) n=45 

3rd group 

Control group 

n=20 

p 

Value 

1 

Gender 

Male (%) 

Female (%) 

 

29 (44.61) 

36 (55.38) 

 

21 (46.00) 

24 (53.00) 

 

11 (55.00) 

9 (45.00) 

<0.001 

2 Age (years), median (IQR) 59 (61, 77) 60 (65.25) 60 (65.25) <0.001 

3 BMI/(kg/m2) median (IQR) 28.79 (22.91, 26.83) 26.76 (21.96, 26.98) 22.67 (20.89, 25.87) 0.043 

4 Hypertension (%) 47 (72.30) 17 (85.00) 12 (60.00) 0.187 

5 Cardiovascular disease (%) 35 (53.84) 8 (40.00) 6 (30.00) 0.881 

6 Diabetic retinopathy (%) 49 (75.38) 6 (30.00) 5 (25.00) 0.043 

7 HbA1C(%), median (IQR) 9.75 (6.60, 9.10) 8.10 (6.40, 8.05) 5.15 (6.55, 8.10) 0.042 

9 TG/(mmol/L), median (IQR) 3.41 (1.73, 3.74) 2.32 (1.02, 1.91) 1.12 (0.92, 1.73) <0.001 

10 
Fasting blood glucose 

/(mmol/L), median (IQR) 
10.94 (4.78, 7.92) 9.96 (4.64, 7.43) 5.13(5.73, 7.24) 0.492 

Table 2.  The characteristics of kidney function of the patients with DM2T 

№ Variables 

1st group 

(DM2T+CKD) 

n=65 

2nd group 

(DM2T, without CKD) 

n=45 

3rd group 

Control group 

n=20 

p 

Value 

1 
Creatinine/ (μmol/L), 

median (IQR) 
152.15 (128.25, 152.15) 79.50 (122.00, 252.58) 85.15 (59.5, 77.5) 0.898 

2 
CysC/(mg/L), median 

(IQR) 
1.98 (1.57, 2.60) 0.95 (1.55, 2.86) 0.79 (0.67, 0,1) <0.001 

3 
eGFR/[mL/(min·1.73m2)], 

median (IQR) 
40.24 (25.62, 51.38) 72.04 (28.22, 50.46) 87.69 (90.5, 63.5) <0.001 

Table 3.  The characteristics and clinical data of the patients 

№ Variables 

1st group 

(DM2T+CKD) 

n=65 

2nd group 

(DM2T, without 

CKD) n=45 

3rd group 

Control group 

n=20 

p 

Value 

1 IL-6 (pg/ml) median (IQR) 45.79 (41.5, 81.00) 28.41 (41.00, 81.00) 1.80 (2.00 78.00) <0.001 

2 
TNFα (pg/ml), median 

(IQR) 
15.27 (12.5, 178.00) 5.24 (12.5, 175.00) 2.94 (10.00, 75.00) <0.001 

3 B2M(μg/ml) median (IQR) 15.77 (0.3, 34.00) 6.77 (1.5, 46.5) 1.15 (2.00, 56.00) 0.492 

 

Hypertension was prevalent across all groups but did not 

show a statistically significant difference (72.30%, 85.00%, 

and 60.00%, respectively; p = 0.187). Similarly, the prevalence 

of cardiovascular disease was comparable between the 

groups (53.84%, 40.00%, and 30.00%; p = 0.881). However, 

diabetic retinopathy was significantly more frequent in the 

CKD group (75.38%) than in the non-CKD group (30.00%) 

and controls (25.00%) (p = 0.043). 

Glycemic control, as reflected by HbA1c levels, was 

poorest in the CKD group [9.75% (IQR 6.60–9.10)], 

followed by the non-CKD group [8.10% (IQR 6.40–8.05)], 

and was significantly lower in the control group [5.15% 

(IQR 6.55–8.10)] (p = 0.042). Similarly, triglyceride levels 

were highest in the T2DM+CKD group [3.41 mmol/L (IQR 

1.73–3.74)], and significantly lower in the non-CKD and 

control groups (p < 0.001). Fasting blood glucose levels were 

higher in diabetic groups compared to controls, though this 

did not reach statistical significance (p = 0.492). 

Renal function biomarkers were evaluated across three 

study groups: patients with type 2 diabetes mellitus (T2DM) 

and chronic kidney disease (CKD) (Group 1, n = 65), patients 

with T2DM without CKD (Group 2, n = 45), and healthy 

controls (Group 3, n = 20). Median serum creatinine levels 

were elevated in the CKD group (152.15 μmol/L), compared 

to the non-CKD group (79.50 μmol/L) and the control group 

(85.15 μmol/L); however, the difference was not statistically 

significant (p = 0.898). In contrast, cystatin C concentrations 

showed a significant elevation in Group 1 (1.98 mg/L) relative 

to Group 2 (0.95 mg/L) and controls (0.79 mg/L), with a 

highly significant p value (< 0.001). Similarly, the estimated 

glomerular filtration rate (eGFR) was markedly reduced in 

Group 1 (median 40.24 mL/min/ 1.73m²), compared to Group 
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2 (72.04 mL/min/1.73m²) and Group 3 (87.69 mL/min/1.73m²), 

also demonstrating a statistically significant difference (p < 

0.001). These findings suggest that cystatin C and eGFR are 

more sensitive markers of early renal impairment in patients 

with T2DM than serum creatinine alone (Table 2). 

The table summarizes the levels of inflammatory and renal 

biomarkers in three distinct groups: patients with Type 2 

Diabetes Mellitus and Chronic Kidney Disease (DM2T+ 

CKD, n=65), patients with Type 2 Diabetes Mellitus without 

Chronic Kidney Disease (DM2T without CKD, n=45), and   

a healthy control group (n=20). The biomarkers assessed 

include interleukin-6 (IL-6), tumor necrosis factor-alpha 

(TNFα), and β2-microglobulin (B2M). 

The median IL-6 concentration in the DM2T+CKD group 

was significantly higher than in the DM2T without CKD and 

control groups (p < 0.001). Specifically, the DM2T+CKD 

group exhibited a median value of 45.79 pg/ml (interquartile 

range [IQR] 41.5, 81.00), which was notably elevated compared 

to the DM2T without CKD group (median 28.41 pg/ml, IQR 

41.00, 81.00) and the control group (median 1.80 pg/ml, IQR 

2.00, 78.00). This finding suggests that the presence of both 

T2DM and CKD is associated with significantly higher 

systemic inflammation as measured by IL-6. 

Similar to IL-6, TNFα levels were significantly higher in 

the DM2T+CKD group compared to both the DM2T without 

CKD and control groups (p < 0.001). The DM2T+CKD group 

had a median TNFα concentration of 15.27 pg/ml (IQR 12.5, 

178.00), which was substantially higher than the median 

value observed in the DM2T without CKD group (5.24 pg/ml, 

IQR 12.5, 175.00) and the control group (2.94 pg/ml, IQR 10.00, 

75.00). This further supports the hypothesis that inflammation 

is more pronounced in patients with both T2DM and CKD. 

B2M (μg/ml): In contrast to IL-6 and TNFα, no significant 

differences were found in B2M levels across the groups (p = 

0.492). The median B2M concentration in the DM2T+CKD 

group was 15.77 μg/ml (IQR 0.3, 34.00), while in the DM2T 

without CKD group, it was 6.77 μg/ml (IQR 1.5, 46.5), and 

in the control group, it was 1.15 μg/ml (IQR 2.00, 56.00). 

These results indicate that B2M may not serve as a 

differentiating biomarker between the groups in this cohort. 

This analysis reveals significantly elevated levels of IL-6 and 

TNFα in the DM2T+CKD group, suggesting a heightened 

inflammatory state in patients with both T2DM and CKD.  

In contrast, B2M did not show any significant differences 

across the groups, indicating that it may not be a relevant 

marker for distinguishing between T2DM patients with and 

without CKD in this study. 

4. Conclusions 

This study highlights the significant clinical, renal, and 

inflammatory differences among patients with type 2 

diabetes mellitus (T2DM) with and without chronic kidney 

disease (CKD), as well as healthy controls in the Southern 

Aral Sea region. Patients with both T2DM and CKD 

exhibited higher levels of inflammatory markers such as IL-6 

and TNF-α, alongside more pronounced renal impairment as 

indicated by elevated cystatin C and decreased eGFR values. 

The findings suggest that systemic inflammation, coupled 

with metabolic and hemodynamic dysregulation, may play a 

critical role in the progression of diabetic nephropathy. 

Furthermore, regional environmental and socioeconomic 

factors may contribute to the observed patterns, emphasizing 

the need for tailored preventive and therapeutic strategies  

in populations residing in ecologically vulnerable areas  

such as the Southern Aral Sea region. Early identification 

and monitoring of inflammatory and renal biomarkers could 

improve prognostication and management of T2DM-related 

complications, particularly CKD. 
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