
ISSN: 0005-2523 

Volume 62, Issue 06, August, 2022 

  

2463 
 

Proinflammatory cytokines and insulin resistance in 

patients with end-stage renal disease 
 

Abtisam F. Al-Shukri1, Hussein K. Al-Hakeim2*, Abbas F. Almulla3 

 

Medical Laboratory Techniques Department, Kufa Institute, Al-Furat Al-Awsat Technical University, 

31001 Kufa, Al-Najaf, Iraq1 

Department of Chemistry, College of Science, University of Kufa, Kufa, Iraq2 

Medical Laboratory Technology Department, College of Medical Technology, The Islamic University, 

Najaf, Iraq3 

 

Corresponding author: 2* 

 

Keywords: 
 

  ABSTRACT  
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insulin resistance. 

 End-stage renal disease (ESRD) is a permanent deterioration of kidney 

functions and a life-threatening condition without dialysis or 

transplantation. Diabetes mellitus may result in diabetic nephropathy, the 

main cause of ESRD. We aim to delineate the ability of vitamin D 

(VitD), Granulocyte-macrophage colony-stimulating factor (GM-CSF), 

and interleukin (IL)-10 in diagnosing ESRD patients and examine their 

impacts on insulin resistance. We employed 90 participants distributed 

as healthy control (n=33) and ESRD patients (n= 57). We measured 

serum levels of IL-10, GM-CSF, VitD, albumin, insulin, glucose, 

creatinine, blood urea, phosphate ion, and uric acid. We found 

significant differences between ESRD patients and healthy control in 

serum levels of VitD, IL-10 and GM-CSF. There are significant 

correlations between kidney biomarkers (creatinine, blood urea and 

phosphate ion) and VitD and IL-10 but no significant correlation with 

GM-CSF. VitD was significantly correlated with IL-10 and GM-CSF. 

Receiver operating curve (ROC) curve and AUC analysis showed that 

VitD (sensitivity = 81.8 %, specificity = 79.9%, concentration=9.239 

ng/ml), IL-10 (sensitivity = 75.4 %, specificity = 75.8%, 

concentration=7.419 pg/ml) and GM-CSF (sensitivity = 66.7 %, 

specificity = 64.6%, concentration=121.011 pg/ml) were significant 

diagnostic biomarkers in ESRD patients. ESRD is accompanied by 

increased inflammatory markers, namely IL-10 and GM-CSF, along 

with decreased VitD. Altered levels of the latter biomarkers could be a 

diagnostic tool for ESRD. 

 

 

 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. Introduction 

End-stage renal disease (ESRD) is a global health concern with a growing occurrence characterized by 

permanent deterioration of kidney functions adequate to be life-threatening without dialysis or 

transplantation [1], [2]. In 2018, there were 131,636 new cases of ESRD in the USA, a 2.3% rise over the 
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previous year. At the end of 2018, 554,038 patients underwent dialysis, and 229,887 received new 

functional kidneys [3]. The main cause of ESRD is diabetic nephropathy which is known for the existence 

of a significant amount of protein in the urine of patients with type 1 (T1DM) and type 2 diabetes mellitus 

(T2DM) [4], [5]. Microalbuminuria (low amount of albumin in the urine) affects between (20 -30) % of 

people with type 1 DM after a mean duration of diabetes of 15 years. Less than 50% of these patients 

develop macroalbuminuria (high amount of albumin in the urine) known as overt nephropathy, which 

ESRD follows in a substantial percentage of patients, namely 4% to 17% at 20 years and approximately 

16% at 30 years from the time of initial diagnosis of DM [4- 7]. 

 

ESRD is stage five of diabetic nephropathy in which the kidney no longer works properly to meet the needs 

of body functions [8]. In this stage, glomerular filtration rate (GFR) is highly diminished, blood pressure 

severely impaired, no clearance for toxins, and lower levels of important hormones like renin, vitamin D 

(VitD), and erythropoietin along with failure in maintaining fluid, pH, and electrolytes homeostasis. Thus, 

symptoms will be more pronounced as it impacts the major body organs [9], [10]. There is a higher risk of 

increased morbidity and mortality rates in people with ESRD with diabetes mellitus than in ESRD only 

[11]. Furthermore, several comorbidities are usually reported in association with ESRD, namely 

hypertension, congestive heart failure, and aging-related changes in the immune response, which may even 

aggravate the chronic inflammatory state [12]. Various etiologies are implicated in ESRD, namely 

glomerulonephritis, cystic kidney disease, recurrent kidney infection, chronic obstruction and secondary 

hyperparathyroidism, although diabetes mellitus and hypertension are responsible for the large percentage 

of cases [13], [14]. 

 

There are many biochemical changes reported being associated with ESRD consisting of lipid and vitamins 

[15], cytokines levels [16], [17], zinc and copper as trace elements [18], [19] besides the biomarkers of 

oxidative stress [20], [21]. High levels of inflammatory markers were found in patients with ESRD, of 

which C-reactive protein (CRP), CXC chemokine ligand 16 (CXCL16), and intact parathyroid hormone 

(iPTH) [14]. CXCL16 and CR could also be used as diagnostic markers for ESRD [14]. Recently, [22] 

revealed that patients with ESRD showed a significant attenuation in Wnt/β-catenin (a signal transduction 

pathway), which was associated with diminished eGFR and elevated copper levels in serum. Preceding 

studies indicated high levels of IL-18, IL-6, TNF-α, GM-CSF, and CRP along with dysregulated T 

lymphocytes in ESRD patients [23], [24]. 

 

GM-CSF is an inflammatory pleiotropic growth factor with multiple functions, most notably are induce the 

generation of granulocytes or antigen-presenting cells (APCs) and facilitating the anti-apoptotic role of 

neutrophils [25]. Moreover, [26] suggested an anti-inflammatory role for GM-CSF by triggering the 

proliferation of venous endothelial cells VEC and counteracted TNF-α-induced intercellular adhesion 

molecule (ICAM)-1, vascular cell adhesion molecule (VCAM)-1 and osteoprotegerin (OPG). The previous 

study has shown that GM-CSF can regulate food intake centrally and that a lack of this factor contributes to 

weight gain and a sedentary lifestyle [27]. Additionally, adipose tissue relies heavily on GM-CSF for 

macrophage recruitment and activation [28]. High levels of GM-CSF are probably associated with insulin 

resistance (IR); a previous animal study reported that mice that lack the GM-CSF gene displayed improved 

sensitivity of insulin to glucose [29]. 

 

Interestingly, abnormal IL-10 levels (pro-inflammatory cytokines produced by immune cells) probably 

trigger IR by decreasing adipocyte energy expenditure and thermogenesis [30]. All in all, activated 

inflammatory pathways may aggravate IR and the severity of T2DM, accelerating the onset and severity of 

kidney diseases and diabetes-related kidney diseases. Thus, we speculate that disturbed GM-CSF and IL-10 
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levels are associated with IR in patients with T2DM and ESRD and are probably good diagnostic 

biomarkers for ESRD when examined with other biomarkers. Thus, we aim in the current study a) to 

delineate the ability of GM-CSF and IL-10 with VitD in diagnosing ESRD patients and b) to determine the 

impacts of IL-10 and GM-CSF on IR in those patients. 

 

2. Material and methods 

 

2.1 Participants 

We employed in the current study 90 individuals who were distributed into two groups, namely healthy 

control (n= 33) and ESRD patients (n= 57). The patient group was recruited between October 2020 and 

December 2020 in the Dialysis Units of Al-Hakeem General Hospital and Al-Sader Medical City in Najaf 

Governorate, Iraq. They were all on continuous dialysis due to earlier acute kidney injury (AKI) that had 

advanced into renal failure. The diagnosis of patients was made via a specialized physician based on the 

guidelines of the International Statistical Classification of Diseases and Related Health Problems 10th 

revision (2021 ICD-10-CM Diagnosis Code N18.6). The full medical history was obtained from all 

patients; we excluded those with cardiovascular, liver, and autoimmune diseases based on it. Furthermore, 

to ensure all participants are free of overt inflammation (which may influence immune biomarkers 

assessment), we performed serum CRP utilizing an agglutination test which all the results were below 6 

mg/L. 

 

The control group was either staff of the hospital or friends in nearly the same catchment area as the 

patients who were free of any illness and matched with the age and sex of the patients' group. The current 

study was conducted after the approval of the Iraqi institutional review board (IRB) of the University of 

Kufa (566/2022), Kufa, Iraq. All participants or the parents of the patients’ group were provided written 

informed consent before enrolling in the present study. 

 

2.2 Clinical measurements 

Following overnight fasting between 7:00- 10:00 a.m., five milliliters of venous blood were withdrawn 

utilizing a disposable syringe and transferred directly to a serum gel tube. All samples were incubated for 

10 minutes at room temperature before centrifugation for 5 minutes at 3500 rpm. Then, we distributed the 

serum into a small Eppendorf and stored it at -80 ℃ until the measurement time. We obtained ELISA kits 

from Melsin Medical Co., Ltd., Jilin, China, to determine IL-10, GM-CSF, insulin, and VitD.  While serum 

creatinine, uric acid, urea, phosphorus, glucose, and albumin were measured spectrophotometrically by 

ready-to-use kits provided by Agappe Diagnostics Ltd., Cham, Switzerland. IR parameters, including 

insulin resistance (HOMA2IR), beta-cell activity (HOMA%B) and insulin sensitivity (HOMA%S), were 

calculated from fasting insulin and fasting blood glucose (FBG) using HOMA2 calculator software 

downloaded freely from https://www.dtu.ox.ac.uk/homacalculator/download.php. We divided weight in 

kilograms by height in meters squared to calculate the body mass index (BMI). 

 

2.3 Statistical Analysis 

The Kolmogorov-Smirnov test was used as a numerical means of assessing normality. Analysis of Variance 

(ANOVA) test was employed to assess differences in scale variables between diagnostic groups. Analysis 

of contingency tables (Chi-square, χ2 test) was used to check the comparison between the categorical 

variables. The results were expressed as mean±standards deviation for normally distributed values and 25-

75% percentile (median) to express the results of nonparametric variables. Pearson’s correlation coefficients 

were used to examine associations between scale variables and Spearman’s correlation coefficient (rho, ρ) 

to find the correlation between nonparametric parameters and other variables. Multivariate general linear 
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model (GLM) analysis was used to assess the effects of diagnosis (independent variable) on biomarkers and 

scales (dependent variables) while adjusting for extraneous variables (age, BMI, blood pressure, parity, and 

sex). Receiver operating characteristics (ROC) curves were measured to examine the diagnostic ability of 

the measured biomarkers to diagnose the disease and abortion. The cut-off values of the concentrations 

produce the best sensitivity and specificity from the area under the curve (AUC). Confidence intervals of 

the AUCs were also calculated to determine the precision of the calculated AUC (The narrower interval 

indicates a more confident conclusion). Youden’s J statistics were measured to indicate the direction of the 

change in the AUC (a positive value means the biomarker increases with diagnosis, while the negative 

indicates that the biomarker decrease with diagnosis). All statistical analyses were performed using IBM 

SPSS windows version 25, 2017. Figures and tables were plotted using the Excel software of Windows 

Office 2019. 

 

3. Results 

 

3.1 Sociodemographic and clinical data of the ESRD patients versus healthy control  

Table 1 compares sociodemographic and clinical data between patients with ESRD healthy control. There 

are significant increases in IL-10 and GM-CSF levels in ESRD patients compared to healthy control. 

Moreover, there are significant differences in BMI, Cr, urea, Po4, U.A., glucose, insulin, HOMA2 %β, 

HOMA2 %S, and VitD between ESRD patients and healthy control. While age, sex, TUD, family history, 

height, I/G, HOMA2 IR and albumin were not significantly different between patients and healthy control. 

 

3.2 Correlation study between VitD, IL-10 and GM-CSF and the rest of the variables  

Table 2 shows that VitD has significant negative correlations with family history, duration of disease, Cr, 

Ur, Pi, and is significantly positively correlated with weight and BMI. IL-10 displays significant positive 

correlations with the duration of disease, Cr, Ur, Pi. There is a significant positive correlation between GM-

CSF and the duration of disease. 

 

Table 4 shows the results of a correlation study of VitD, IL-10, and GM-CSF with biomarkers of diabetes 

mellitus and IR markers. VitD shows a significant negative correlation with insulin HOMA2%S, IL-10, and 

GM-CSF while a significant positive correlation with HOMA2 %β. There is a significant positive 

correlation between IL-10 and HOMA2%S and a significant negative correlation between HOMA2%β and 

VitD. GM-CSF shows a significant negative correlation with only VitD. 

 

3.3 Receiver operating curve as a diagnostic tool for ESRD 

Table 4 and figure 1 show the results of the receiver operating curve (ROC) curve and AUC analysis 

concerning VitD, IL-10, and GM-CSF as diagnostic biomarkers for patients with ESRD. The current results 

indicate that the sensitivity and specificity of VitD for diagnosis ESRD patients are relatively good 

(sensitivity = 81.8 %, specificity = 79.9%) at concentration (9.239 ng/ml). However, IL-10 at concentration 

7.419 pg/ml (sensitivity = 75.4 %, specificity = 75.8%) and GM-CSF at concentration 121.011 pg/ml 

(sensitivity = 66.7 %, specificity = 64.6%) also showed good diagnostics potentials in ESRD. Youden’s J 

statistics of the biomarkers in Figure 1, along with the p-value of the AUC, which is less than 0.05, 

confirms the ability of these parameters to diagnose ESRD. 

 

4. Discussion 

The major finding of the current study is that patients with ESRD are accompanied by significantly 

increased IL-10 and GM-CSF along with decreased VitD levels. Furthermore, ESRD patients showed high 

levels of glucose and insulin. The activity of (HOMA2%B) was significantly decreased while insulin 
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sensitivity (HOMA2%S) was significantly increased, as shown in table 1. The current results are consistent 

with previous findings [24], [31- 33]. Thus these biomarkers probably reflect the ESRD partially in patients 

with chronic kidney diseases resulting from T2DM. According to the ROC curve, our finding also revealed 

that VitD, IL-10, and GM-CSF are good diagnostic parameters for ESRD. There is a significant inverse 

association between VitD and both IL-10 and GM-CSF, which indicates that high levels of the latter will 

lead to decrease VitD levels in those patients, and all are indicators for ESRD. 

 

A previous study reported that low VitD levels in patients with T2DM are a risk factor for diabetic 

nephropathy [34]. In this regard, [35] revealed a significant inverse relationship between VitD level and 

T2DM and other insulin-related disorders. The role of VitD role in immunological function and insulin 

release is a possible contributor to the link between VitD and the development and progression of diabetes 

[31]. VitD plays an important immunomodulatory function, and its related receptor (VDR) is located on T 

and B cells. The change of the T helper cell cytokine profile can cause inhibition and production of 

effectors T cells, such as those implicated in autoimmune reactions which may lead to type 1 DM; VitD 

deficiency also reduces pancreatic insulin production from the beta islet cells, adding to complications 

found in T2DM [36]. There is a significant association between patients with lowered vitamin levels and 

increased HbA1c, blood glucose, and poor glycemic control [37]. Therefore, it has been suggested to 

overcome the deficits of VitD by supplementing or increasing sunlight exposure [38]. 

 

Normal renal physiology, acute kidney damage, and the development of chronic renal failure are all 

impacted by IL-10 [39]. The major source of IL-10 in the normal adult kidney is mesangial cells which are 

considered a local provider of IL-10 [40]. These cells are the essential regulators of renal functions as they 

a) help keep the glomerulus together by secreting and maintaining an extracellular matrix, b) adjust the 

glomerular filtration rate by adjusting the size of the glomerular capillary loops, c) provide and are 

influenced by several growth factors [41], [42]. Therefore, abnormal functions of these cells will produce 

detrimental effects on kidney functions and probably be reflected by altered levels of IL-10. Indeed, 

Multiple studies have shown that mesangial cell proliferation-related kidney disorders, such as mesangial-

proliferative glomerulonephritis, IgA nephropathy, and the acute phase of microscopic polyangiitis, are 

associated with an increase in IL-10 expression [39]. 

 

Our results revealed significant differences between ESRD patients and healthy control in insulin sensitivity 

(HOMA2 %S) and β-cells activity (HOMA2 %β). In addition, there are significant correlations between the 

latter parameters with VitD and IL-10 but not with GM-CSF. In this regard, [43] found intrinsic protective 

roles for IL-10 by elevating insulin sensitivity in the muscles and thereby protecting them from obesity-

associated macrophage infiltration, elevations levels of inflammatory cytokines, and their detrimental 

effects on insulin signaling and glucose metabolism [43]. Skeletal muscle improvements concerning insulin 

sensitivity result from increased Akt signaling besides lowered muscle inflammation [44]. VitD also 

increases insulin sensitivity by influencing muscle cells' receptors for insulin. Also, VitD impacts the 

peroxisome proliferator-activated receptor (PPAR) δ and affects extracellular calcium regulation [45]. 

 

In the current results, we did not find any significant association between IL-10 and GM-CSF; thus, these 

two biomarkers may reflect kidney disease in different mechanisms. During kidney inflammation, [46] 

proposed that GM-CSF significantly affects the regulation of mononuclear phagocyte plasticity regardless 

of existing at high or low levels, and it may contribute to the resolution of inflammation and enhance kidney 

repair [46]. Thus, in ESRD, we found high GM-CSF levels, which we proposed as a diagnostic parameter, 

directly proportional to the degree of kidney damage. GM-CSF modulates the macrophage's function. 

Studies indicate that GM-CSF works by stimulating the production of dendritic cells, promoting the activity 
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of antigen-presenting cells, and elevating the expression of the Class II MHC protein in APCs [47]. Hence, 

it may reinforce the activity of the antigen-presenting process leading to amplifying the initial antibody 

response by overall functional improvement of APC [47], [48]. 

 

Some limitations should be considered while interpreting the current findings; first, we employed a small 

sample size, and thus further studies should perform on larger study groups. The patients' treatment history 

was unknown, and it possibly significantly impacted the results. Moreover, the number of previous dialyzes 

was not declared in the current study. The present study would be more interesting if we addressed earlier 

stages of kidney injury and examined the ability of our parameters to diagnose patients before the end stage. 

 

5. Conclusion 

ESRD is accompanied by increased inflammatory markers, namely IL-10 and GM-CSF, along with 

decreased VitD. Altered levels of the latter biomarkers could be a diagnostic tool for ESRD. There are no 

effects of IL-10 and GM-CSF on IR in patients with ESRD. 
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Table 1. Demographic and clinical data of ESRD patients and healthy controls group. 

Variables 
Control  (A) 

n=33 

T2DM  (B) 

n=57 
F/χ

2
 df p 

Sex              M/F 11⁄22 28⁄29 2.122a 1 0.187 

TUD           No/Yes 32⁄1 55⁄2 0.015a 1 1.000 

Family history   No/Yes 33⁄0 51⁄6 3.722a 1 0.082 

Age              Year 47.33±7.05 57.00±46.30 0.260 1⁄88 0.612 

Duration of Disease Year - 2.896±1.1748 - - - 

Height         cm 161.790±11.168 165.14±12.245 1.669 1⁄88 0.200 

Weight        kg 74.120±13.207 66.79±10.665 8.273 1⁄88 0.005 

BMI             kg/m
2
 28.696±6.439 24.523±3.278 16.601 1⁄88 <0.001 

Urea            mg/l 32.910±24.614 154.44±51.667 160.849 1⁄88 <0.001 

Creatinine mg/l 0.782±0.344 8.497±3.866 112.477 1/88 <0.001 

Pi                 mg/l 5.118±0.842 7.206±0.889 119.835 1⁄88 <0.001 

Uric acid     mg/l 4.752±0.932 5.625±1.620 7.439 1⁄88 0.008 

Glucose        mM 5.445±0.755 5.866±0.941 4.802 1⁄88 0.031 

Albumin      g/l 42.892±6.768 45.566±6.678 3.319 1⁄88 0.072 

Insulin         pM 62.290(54.905-68.575) 79.500(66.765-94.970) MWUT - <0.001 

I/G               fM 92.600(73.350-111.900) 98.400(81.050-113.600) MWUT - 0.388 

HOMA2%B 86.400(76.800-98.850) 65.300(54.400-79.500) MWUT - <0.001 

HOMA2%S 1.157 (1.013-1.302) 1.531(1.258-1.830) MWUT - <0.001 

HOMA2 IR 1.191(1.047-1.325) 1.236(1.019-1.458) MWUT - 0.474 

Vitamin D ng/ml 10.598 (9.647-11.630) 7.989 (7.201-8.913) MWUT - <0.001 

IL-10         pg/ml 6.066 (5.966-7.250) 8.998 (7.588-9.844) MWUT  <0.001 

GMCSF    pg/ml 106.774 (86.493-138.058) 141.368 (109.315-184.078) MWUT  0.003 

BMI: Body mass index, TUD: Tobacco use disorder, GM-CSF: Granulocyte-macrophage colony-

stimulating factor, HOMA2IR: insulin resistance, HOMA%B:  beta-cell activity, HOMA%S=insulin 

sensitivity, MWUT: Mann-Whitney U test. S.Cr: serum creatinine, B.Ur: Blood urea, U.A. : uric acid, Po4: 

phosphate ion, IL-10: Interleukin 10 

 

Table 2. Correlation of   IL-10, GM-CSF, and vitamin D with demographic and clinical parameters 

Variables Vitamin D IL-10 GMCSF 

Sex 0.175 -0.173 -0.001 

Age 0.091 -0.062 -0.157 

TUD -0.106 -0.042 0.051 

Family history -0.219* 0.103 -0.084 

Duation of Dis -0.603** 0.303** 0.318** 

Height -0.012 -0.057 0.121 

Weight 0.263* -0.054 0.067 

BMI 0.216* -0.039 -0.012 
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S.Cr -0.518** 0.396** 0.183 

B.Ur -0.482** 0.369** 0.204 

PO4 -0.552** .324** 0.131 

U.A 0.018 0.178 0.042 

Albumin -0.012 -0.006 -0.062 

S.Cr: serum creatinine, B.Ur: Blood urea, U.A. : uric acid, Po4: phosphate ion, GM-CSF: Granulocyte-

macrophage colony-stimulating factor, IL-10: Interleukin 10.jhjh 

 

Table 3. Correlation among IL-10, GM-CSF, and vitamin D, in addition to their correlation with insulin 

resistance parameters 

 Variables  Vitamin D IL-10 GMCSF 

Glucose -0.037 0.176 0.015 

Insulin -0.411** 0.364** 0.191 

I/G  -0.207 0.044 0.094 

HOMA2 %B 0.392** -0.356** -0.186 

HOMA2 %S -0.392** 0.356** 0.186 

HOMA2 IR -0.045 -0.004 0.192 

Vitamin D  1.000 -0.234* -0.229-* 

IL-10  -0.234-* 1.000 0.181 

GMCSF -0.229-* 0.181 1.000 

GM-CSF: Granulocyte-macrophage colony-stimulating factor, IL-10: Interleukin 10, HOMA2IR: insulin 

resistance, HOMA%B:  beta-cell activity, HOMA%S=insulin sensitivity. 

 

Table 4. Receiver operating characteristic-area under curve (AUC) analysis of the measured biomarkers for 

the diagnosis of ESRD. CI: Confidence interval. 

Variable 

 

Cut-off Level Sensitivity 

% 

Specificity 

% 

Youden’s J 

Statistics 

AUC 

 

95% CI of 

AUC 

p-value 

 

Vitamin D ng/ml 9.239 81.8 79.9 -0.65 0.164 0.070-0.258 <0.001 

IL-10          pg/ml 7.419 75.4 75.8 0.64 0.795 0.686-0.904 <0.001 

GMCSF     pg/ml 121.011 66.7 64.6 0.34 0.686 0.568-0.805 0.003 
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Figure 1. Receiver operating characteristic curves of IL-10, GM-CSF, and VitD for diagnosis of ESRD 

against healthy controls. 
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