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Article Information  Abstract 

Article history:  Cytokines play critical roles in regulating interactions between pancreatic beta cells and immune 

cells in the development of type 1 diabetes. It has been shown that pro-inflammatory cytokines 

released during the disease can exacerbate the disease, while anti-inflammatory cytokines provide 

protection.This study aimed to evaluate IL-6 and IL-4 levels in the serum of children with type 1 

diabetes and compare them to healthy controls. Seventy children with type 1 diabetes and thirty-

three healthy children were recruited between September and December 2024. Serum levels of 

interleukin-6 (IL-6) and interleukin-4 (IL-4) were measured using an ELISA assay. The results 

showed a significantly higher mean IL-6 concentration in patients )12.95±0.83) compared to healthy 

controls (2.62±0.33) with a significant difference (p=0.001). Although the average IL-4 concentration 

was higher in healthy controls (41.77±13.34) than in patients (18.71±7.08), this difference was not 

statistically significant (p=0.10) The study also revealed significant correlations between IL-6 and IL-

4 concentrations and the duration of the disease. Additionally, a weak positive correlation was 

observed between IL-6 levels and glycated hemoglobin (HbA1c), body mass index (BMI), and 

fasting blood sugar (FBS), as well as a weak positive relationship between IL-6 concentrations in 

male and female diabetic patients.This study demonstrates a significant elevation of pro-

inflammatory IL-6 levels in children with type 1 diabetes compared to healthy peers, suggesting a 

state of chronic inflammation associated with the disease. While IL-4 levels were lower in diabetic 

patients, the difference did not reach statistical significance. 
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 Introduction

Diabetes mellitus (DM) refers to a group of multifactorial metabolic disorders characterised by 

elevated blood glucose levels (hyperglycemia) resulting from defects in the body's insulin production 

or impaired insulin action [1]. This leads to a disruption in the metabolic balance of carbohydrates, 

proteins, and fats. If left untreated, this dysfunction can progress to serious complications affecting 

multiple organ systems. DM affects millions of people worldwide, regardless of gender or age [2].  

Type 1 diabetes mellitus (T1DM) is a chronic autoimmune disease characterised by the progressive 

destruction of pancreatic beta cells. This condition results from a breakdown in immune system 

regulation, primarily mediated by Type 1 T-helper (Th1) cells, accompanied by the activation and 

infiltration of immune cells into pancreatic islets. These immune mechanisms collectively lead to beta-

cell destruction and subsequent marked hyperglycemia[3]. Approximately 5–10% of patients with 

diabetes have Type 1 diabetes[4] In 2021, T1DM affected 8.4 million individuals globally, of whom 

18% (1.5 million) were under 20 years of age [5]. 

Genetic and immunological studies have directly implicated cytokines in the pathogenesis of T1DM. 

Cytokines are considered the primary mediators of inflammation [6] and have been proposed as 

triggers of beta-cell damage in humans through the generation of nitric oxide (NO) [7]. Cytokines are 

small, soluble cellular regulatory proteins with a molecular weight of less than 30 kDa. They govern 

the initiation and maintenance of immune responses in the body and serve as critical factors in the 

pathogenesis of autoimmune diseases, including type 1 diabetes mellitus [8]. Cytokines are classified 

into: Anti-inflammatory cytokines (e.g., IL-10, TGF-β, and IL-4), pro-inflammatory cytokines (e.g., IL-1, 

IL-6, and TNF-α). These cytokines are primarily secreted by Th1 and Th2 cells [3].Growing evidence 

suggests that an imbalance in Th1/Th2 responses and their associated cytokines plays a critical role 

in the pathogenesis of autoimmune diseases, including T1DM. However, studies remain controversial 
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whether T1DM is primarily a Th1-mediated autoimmune disease, Th2-mediated, or involves both 

subsets [4]. 

Both pro-inflammatory and anti-inflammatory cytokines have been well-documented in their roles in 

T1DM pathogenesis[9]. Anti-inflammatory cytokines such as IL-10, TGF-β, IL-5, IL-4, IL-2, IL-15, IL-

33, and IL-35 can  stimulate regulatory functions  , suppress inflammation  , restore immune 

tolerance, prevent beta-cell damage, Conversely, pro-inflammatory cytokines including IL-6, TNF-α, 

IFN-α, IL-17, and IL-21 exacerbate inflammation by  promoting proliferation and activation of 

diabetogenic immune cells , recruiting pathogenic T-cells (Th1, Th17, CD8+)  ,activating natural killer 

(NK) cells [3] Researchers have hypothesised that Th1-type inflammatory cytokines are excessively 

secreted in children with Type 1 Diabetes Mellitus (T1DM), leading to cellular damage and disease 

progression. Conversely, levels of Th2-type anti-inflammatory cytokines were elevated under the 

influence of homeostatic regulation [10] . 

Recent advancements in immunometabolism have shifted the perspective on cytokine analysis from 

being mere inflammatory markers to becoming predictive tools for diabetic complications. Current 

longitudinal studies have demonstrated that elevated IL-6 levels are not only indicators of current 

inflammation but also significant predictors of microvascular damage, including early-stage diabetic 

nephropathy and retinopathy, even before clinical symptoms manifest [11]. Furthermore, the 

persistent imbalance between pro-inflammatory (IL-6) and anti-inflammatory IL-4) signals is now 

utilized in Machine Learning (ML) models to stratify patients based on their risk of rapid beta-cell 

decline and disease progression [12].  

Among pro-inflammatory cytokines, Interleukin-6 (IL-6) is a pleiotropic cytokine with diverse effects 

ranging from inflammation and host defence to tissue injury, immune regulation, and non-immune 

functions in most cell types and tissues beyond the immune system  ADDIN [8]. IL-6 is secreted by 

numerous cell types, including immune cells, fibroblasts, endothelial cells, skeletal muscle, and 

adipose tissue. Elevated IL-6 concentrations have been reported in various clinical disorders, where it 

appears to regulate a wide array of inflammatory responses[13]. 

IL-6 contributes to the exacerbation of autoimmune diseases by stimulating inflammatory cellular 

infiltration, a phenomenon clearly observed in the pancreas of NOD mice [3]. Nevertheless, serum IL-

6 levels in patients with T1DM remain inconsistent in research findings, despite evidence linking its 

overexpression in pancreatic beta cells to severe insulitis characterized by the infiltration of B cells, T 

cells, and macrophages [14]. 

Among anti-inflammatory cytokines, Interleukin-4 (IL-4) is an important immune-regulatory cytokine 

composed of 129 amino acids, with a molecular weight ranging from 12 to 20 kilodaltons [15]. IL-4 

plays a role in the pathogenesis of various autoimmune diseases, including diabetes [16] It is mainly 

produced by Th2 T cells as well as NK cells, mast cells, eosinophils and basophils [17] It has many 

different functions, as it increases the humoral response [4], acts as a stimulator of T and B cell 

proliferation, regulates B cell differentiation and promotes Th2 and inhibits Th1 differentiation [18], and 

has been indicated as an anti-inflammatory in autoimmune diseases based on its protective effects in 

models of diabetes and rheumatoid arthritis patients[19]. 

The existing evidence regarding serum levels of cytokines (particularly IL-6 and IL-4) in diabetic 

patients remains limited and inconsistent. Several studies report elevated serum IL-6 concentrations 

in diabetic patients [20], Other studies demonstrate reduced IL-6 levels[21], Some studies indicate 

increased IL-4 concentrations in T1DM patients versus healthy controls[22], Contrarily, other studies 

show higher IL-4 levels in healthy individuals compared to T1DM patients [23],And the precise 

relationship between these cytokines levels and the pathogenesis of type 1 diabetes has not been 

conclusively established across various studies. Given that the precise relationship between cytokine 

profiles and the pathogenesis of Type 1 Diabetes Mellitus (T1DM) remains a subject of ongoing 

debate, and since their specific roles in the inflammatory progression of the disease are not yet fully 

elucidated, this study was designed to achieve the following objectives: 

 To Quantify and Compare the circulating serum concentrations of pro-inflammatory (IL-6) and 

anti-inflammatory (IL-4) cytokines in children with T1DM versus age-matched healthy controls. 



Naima Hussin Ftattet  Libyan Journal of Medical and Applied Sciences 4(1) (2026), 70-08 

 

 72 

 To Analyze the Correlation between these cytokine levels and key clinical parameters, including 

disease duration, glycemic control (measured by HbA1c), and anthropometric measurements 

(BMI), to identify potential drivers of chronic inflammation. 

 To Investigate Sexual Dimorphism in cytokine expression by comparing IL-6 and IL-4 

concentrations between male and female pediatric patients to determine if gender influences 

the inflammatory response in T1DM. 

2. Materials and Methods  

2.1. Study Design 

This study was conducted on 103 children aged 1-16 years, including 70 children diagnosed 

with type 1 diabetes (33 males, 37 females) who were regular attendees at the Misrata Specialist 

Center for Diabetes and Endocrine Regulation and Treatment, along with 33 non-diabetic children (17 

males, 16 females). Although the sample sizes were unequal (n=70 for patients and n=33 for healthy 

controls), this distribution is statistically acceptable in clinical research. The allocation ratio does not 

significantly compromise the statistical power of the study, To account for this imbalance, robust 

statistical methods were employed to ensure that the variance heterogeneity does not affect the 

validity of the results.   

The diagnosis of pediatric diabetes was established through clinical follow-up files. Furthermore, 

pancreatic autoantibodies were screened to confirm the diagnosis of the disease. 

 Samples were collected between September and December 2024. Demographic data such as sex, 

age, weight, and height were recorded for all participants. For diabetic patients, additional parameters 

including HbA1c, fasting blood glucose, and disease duration were documented.   

Based on disease duration, the diabetic cohort was divided into two groups:   

Group 1: Children with a disease duration of 1 year or less (n = 20).   

Group 2: Children with a disease duration of more than 1 year (n = 50).   

2.2. Exclusion Criteria 

  Participants from both groups (patients and healthy controls) were excluded if they presented 

with infectious or autoimmune diseases other than diabetes. Additionally, patients diagnosed with 

T2DM were also excluded from the study. 

2.3. Ethical Approval   

Written informed consent was obtained from all participants parents (both diabetic and non-

diabetic groups) before to initiating any study-related procedures. The research protocol was also 

reviewed and approved by the ethics committee at the Misrata Specialized Center for the regulation 

and treatment of diabetes and endocrine patients.  

2.4. Sample Collection   

Five milliliters of venous blood were collected in the morning after a 9–12 hour fasting period 

using EDTA tubes. The samples were then centrifuged [3000 rpm for 15 minutes]. The plasma was 

transferred to cryotubes and stored at -20°C until use.   

2.5. Quantification of Cytokines (IL-6, IL-4), Glycated Hemoglobin (HbA1c), and Fasting Blood 

Sugar (FBS) in Type 1 Diabetes 

Serum levels of the cytokines IL-4 and IL-6 were measured in the diabetic children included in 

the study and compared with those of healthy controls using a sandwich enzyme-linked 

immunosorbent assay (ELISA), following the manufacturer’s instructions (MAGLUMI®, Germany). All 

cytokine concentrations were expressed in picograms per milliliter (pg/mL). 

Glycated haemoglobin (HbA1c) was measured using the Mispa i3 analyser, while fasting blood Sugar 

levels were determined using the Mispa cxl pron analyser (both from Agappe Diagnostics). 
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2.6. Statistical Analysis 

Statistical analysis was performed using the Statistical Package for the Social Sciences 

(SPSS) version 16. Quantitative variables were expressed as mean ± standard deviation, while 

qualitative variables were presented as numbers and percentages.  

An independent t-test was used to compare two groups, and ANOVA was employed for comparisons 

among more than two groups to assess statistical differences. The Pearson correlation coefficient 

was calculated to examine the relationships between cytokines and other parameters. A p-value < 

0.05 was considered statistically significant. 

3. Results 

3.1. Serum Interleukin-6 Concentration Levels 

Table 1. demonstrates significantly higher serum IL-6 concentrations in diabetic patients 

compared to healthy controls. The mean IL-6 level was 12.95 ± 0.83 pg/mL in diabetic children versus 

2.62 ± 0.33 pg/mL in healthy subjects. Statistical analysis using an independent t-test revealed a 

highly significant difference (P=0.0001) in IL-6 levels between the diabetic and control groups. 

Table 1.  IL-6 concentration in the blood serum of the studied samples 

Interleukin Samples mean max mini SD P-value 

IL-6 
Healthy(33) 2.62 6.98 0.09 0.33 

0.0001 
Patients(70) 12.95 33.76 3.08 0.83 

 

3.1.1. Serum IL-6 Concentration in male and female subjects 

As shown in Table 2, results demonstrated significantly elevated IL-6 levels in Female 

patients (13.15 ± 1.18 pg/mL) vs. healthy females (2.76 ± 0.46 pg/mL; p = 0.0001), and Male patients 

(12.73 ± 1.18 pg/mL) vs. healthy males (2.49 ± 0.48 pg/mL; p = 0.0001). Pearson correlation analysis 

revealed a positive relationship (r = 0.01980) in IL-6 concentrations between diabetic females and 

males. 

Table 2. Comparison between the concentrations of IL-6 in the blood serum of samples from males 

and females. 

Interleukin Gender Mean max mini SD P-value 

 

IL-6 

Females (healthy) 2.76 6.67 0.09 0.46 
0.0001 

Females (patients) 13.15 33.76 3.08 1.18 

Males (healthy) 2.49 6.98 0.09 0.48 
0.0001 

Males (patients) 12.73 26.09 4.02 1.18 

Pearson correlation =.0.998.0 

 

3.1.2. The relationship between IL-6 concentration and HbA1c, FBS, and BMI in children with type 1 

diabetes. 

As shown in Table 3, the study results revealed—based on Pearson correlation analysis a 

weak positive correlation between IL-6 concentration and HbA1c 0.09, BMI 0.05 and FBS 0.07. 

Table 3. The relationship between IL-6 concentration, and HbA1c, FBS, and BMI in children with type 

1 diabetes. 

Pearson Correlation Parameters 

.0.7 IL-6-FBS 

.0.9 IL-6-HbA1c 

.0.5 IL-6-BMI 

 

3.2. The concentration level of interleukin-4 (IL-4) in the serum of the studied samples. 

Table 4. shows an increase in IL-4 concentration in the serum of healthy subjects compared 

to the patient group. The concentration in healthy serum was 41.77 ± 13.34 pg/mL, while in the 

patient group, it was 18.71 ± 7.08 pg/mL.  However, statistical analysis using the t-test did not reveal a 
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significant difference (P-value = 0.10) in IL-4 levels between children with diabetes and the healthy 

control group.  

  

Table 4. IL-4 concentration in the blood serum of the studied samples 

Interleukin Samples mean max mini SD P-value 

IL-4 
Healthy(33) 41.77 426.00 4.01 13.34 

0.10 
Patients(70) 18.71 350.00 0.50 7.08 

 

3.2.1. IL-4 Concentration in the Serum of Male and Female Samples 

As shown in Table 5, the results revealed higher IL-4 levels in healthy females (38.71 ± 10.87 

pg/mL) compared to female patients (8.04 ± 2.10 pg/mL), with a statistically significant difference (P = 

0.0002). Increased IL-4 levels in healthy males (44.65 ± 24.20 pg/mL) compared to male patients 

(30.69 ± 14.68 pg/mL), but without statistical significance (P = 0.6100). Additionally, Pearson 

correlation analysis showed a negative correlation (−0.06419) in IL-4 concentration between female 

and male patients. 

 

Table 5. Comparison of IL-4 concentrations in the serum of male and female samples 

Interleukin Gender mean max mini SD P-value 

 

IL-4 

Females (healthy) 38.71 147.00 4.84 10.87 
0.0002 

Females (patients) 8.04 58.00 0.50 2.10 

Males (healthy) 44.65 426.00 4.01 24.20 
0.6100 

Males (patients) 30.69 350.00 0.50 14.68 

Pearson correlation= .0.6099-  
 

3.2.2. The Relationship Between IL-4 Concentration and HbA1c, FBS, and BMI in Children with Type 

1 Diabetes 

The study results, as shown in Table 6 and analyzed using Pearson correlation, revealed a 

negative correlation between IL-4 concentration and HbA1c -0.095, FBS -0.051, A positive correlation 

between IL-4 concentration and BMI 0.084. 

Table 6. shows the relationship between IL-4 concentration and HbA1c, FBS, and BMI in children 

with type 1 diabetes. 

Pearson Correlation Parameters 

.0.59- IL-4-FBS 

.0.95- IL-4-HbA1c 

.0.80 IL-4-BMI 

 

3.3. Relationship Between Disease Duration and IL-6/IL-4 Concentrations in Children with Type 

1 Diabetes 

This study examined the relationship between the duration of Type 1 diabetes in children and the 

concentrations of IL-6 and IL-4. The results, as shown in Table 7, revealed significant differences in 

IL-6 concentrations among children with Type 1 diabetes based on disease duration. The mean IL-6 

concentration in the group with a disease duration of 1 year and less was 5.90 pg/mL, while the mean 

concentration in the group with a disease duration of more than one year was 34.06 pg/mL.   

The results also showed significant differences in the concentration of IL-4 in children with 

diabetes between the duration of infection of one year or less and the duration of infection of more 

than one year. The mean IL-4 concentration in the group with a disease duration of one year and less 

was 12.88 pg/mL, whereas the mean concentration in the group with a disease duration of more than 

1 year was 14.19 pg/mL. 
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Table 7. Relationship between disease duration and IL-6/IL-4 concentrations in children with type 1 

diabetes. 

Interleukin 
Duration of 

diabetes/number 
mean max mini SD P-value 

IL-6 
One year and less /20 5.90 13.10 0.92 0.68 

0.0002 
Over one year /50 34.06 350.00 0.50 16.63 

IL-4 
One year and less /20 12.88 24.06 5.09 1.43 

0.0..9 
Over one year /50 14.19 33.76 4.82 2.81 

 

4. Discussion  

Deregulation in cytokine production, which leads to a dominance of the Th1 cell response 

over the Th2 cell response, plays a critical role in the pathogenesis of type 1 diabetes [24] Metabolic 

issues in type 1 diabetes are often associated with chronic inflammation in the pancreatic islets, 

resulting in the destruction of insulin-secreting beta cells by auto reactive CD8+ and CD4+ T cells. 

These immune cells repeatedly release cytokines throughout the progression of the disease [25] . 

while the potential role of IL-6 in the pathogenesis of diabetes remains a subject of debate [26] , some 

recent studies suggest a strong relationship between IL-6 and the development of type 1 diabetes  

[27] . In this study, our results showed a significantly higher mean concentration of IL-6 in patients 

(12.95 ± 0.83) compared to healthy controls (22.62 ± 0.33), with a statistically significant difference 

(p=0.001). Since the serum IL-6 concentration in children with diabetes far exceeded that of healthy 

children, these findings highlight the importance of IL-6 and other pro-inflammatory factors as 

potential early biomarkers or risk factors for the disease. 

The current results are consistent with those reported by El-mohamady et al. and Khaja et al., 

who demonstrated elevated levels of IL-6 in the serum of patients with type 1 diabetes [7,25], These 

findings also align with the results obtained from Siewko et al. and Zorena et al. [28 ,29]. Additionally, 

Hamed, Alexandraki, Nuhia, and their colleagues observed increased IL-6 secretion in patients with 

type 1 diabetes [30,31,8].   

In contrast,the results reported by other groups are entirely divergent. For instance, Rydén 

and Faresjö did not observe elevated IL-6 concentrations in children with type 1 diabetes [32]. Other 

studies reported no difference or even decreased IL-6 levels in patients with type 1 diabetes [21,33]. 

Despite these discrepancies, dysregulated IL-6 production and receptor signalling are common 

features in type 1 diabetes and are frequently associated with pancreatic islet inflammation and beta-

cell damage [3] 

The significant rise in IL-6 concentrations from 5.90 pg/mL in newly diagnosed patients to 34.06 

pg/mL in those with advanced disease duration suggests that IL-6 acts as a critical driver of 

progressive pancreatic pathology. This chronic elevation facilitates beta-cell depletion by inducing 

endoplasmic reticulum (ER) stress and activating STAT3-mediated apoptotic pathways  [29]  

Furthermore, sustained exposure to high IL-6 levels has been shown to impair glucose-stimulated 

insulin secretion (GSIS) by downregulating essential insulin transcription factors, such as Ins1 and 

Ins2, thereby diminishing the functional capacity of the remaining beta-cell mass. These molecular 

mechanisms, characterized by a transition from acute inflammation to chronic destructive signaling, 

explain the progressive exhaustion of insulin-secreting cells observed as the disease duration 

increases [34] These findings align with those reported by Geerlings et al. and Dogan et al., who 

observed significantly lower IL-6 levels in newly diagnosed cases compared to patients with longer 

disease duration [19,32].  

This contrasts with the findings of Erbağcı et al., who detected higher IL-6 levels in newly 

diagnosed children with type 1 diabetes compared to those with long-term diabetic complications [35]. 

Similarly, El-mohamady et al demonstrated that IL-6 concentrations were significantly lower (p < 0.01) 

in children with long-standing diabetes than in recently diagnosed children. They attributed this to the 

activation of systemic inflammatory processes during the early stages of type 1 diabetes, which may 

promote sustained beta-cell destruction[7]. Furthermore, IL-6 concentrations were significantly 

increased in newly diagnosed diabetic patients in a study by Siewko et al. [28], these differences were 

attributed to the effects of diabetes treatment regimens and metabolic control [29]. The difference in 

interleukin-6 (IL-6) levels may reflect a shift from acute autoimmune destruction at diagnosis to 
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chronic systemic inflammation after one year, driven by oxidative stress and the accumulation of 

advanced glycation end products (AGEs). This elevation is exacerbated by the end of the partial 

remission period and increased glycemic variability, making IL-6 a key indicator of long-term 

metabolic burden, rather than simply a primary immune response. 

The elevated concentrations of certain cytokines in children with type 1 diabetes are 

associated, over time, with an increased risk of developing chronic complications. As the disease 

duration progresses, these effects become more severe, as high levels of these cytokines are linked 

to tissue damage in the eyes (retinopathy) and kidneys (nephropathy), particularly in patients with a 

disease duration exceeding ten years [36]. 

Pro-inflammatory cytokines released during illness can intensify the disease, while anti-

inflammatory cytokines provide protection [23]. The anti-inflammatory cytokine IL-4 plays an important 

role in type 1 diabetes mellitus; however, its role is not yet fully understood, and published findings 

remain inconsistent. In this study, the mean concentration of IL-4 was higher in healthy individuals 

than in patients, but without a statistically significant difference (p=0.10). This finding aligns with 

studies by Pérez et al., Nuhiar et al., and Abed Nasser, which observed no differences in serum IL-4 

levels between diabetic patients and the control group [24,8,36]. Similarly, Jasem's results showed no 

significant differences in IL-4 concentration levels, with healthy individuals exhibiting higher levels 10 

patients[23]. 

In contrast, Khalaf et al. and Shaker et al. found significantly higher levels of IL-4 in children 

with diabetes compared to non-diabetic children [12,37] Similarly, the results of Berwary et al. and 

Kikodze et al. showed statistically significant differences in IL-4 concentration, revealing that patients 

had higher IL-4 levels than healthy individuals[38,22].  This increase may be attributed to 

hyperglycaemia, as well as the reduced response of Th2 helper cells and the increased activity of Th1 

effector cells [36]. Additionally, studies have demonstrated that the presence of IL-4 in the serum of 

diabetic patients plays a regulatory role, preventing the progression of type 1 diabetes. This occurs 

through CD1d-mediated suppression of NK cells and effector T cells targeting pancreatic beta cells in 

the islets of Langerhans [39].  

The results also showed statistically significant differences in IL-4 concentration among 

diabetic children when comparing disease duration (≤1 year vs. >1 year) (P-value = 0.0001). 

Consistent with our findings, IL-4 levels decreased in newly diagnosed type 1 diabetic patients in 

NOD mice in studies by  Kukreja et al. and  Kent et al [40,41], and this did not agree with the study by 

Abed Nasser, who found no significant differences in IL-4 concentration in children with diabetes 

between the duration of disease (one year or less) and the duration of disease (more than one 

year[36] . 

Furthermore, the study results revealed a positive correlation between IL-6 concentrations 

and HbA1c, BMI, and FBS, while a negative correlation was observed between IL-4 concentrations 

and both HbA1c and FBS. In line with these findings, Hamed et al. reported a strong positive 

association between serum IL-6 levels in children with type 1 diabetes and both HbA1c and BMI [30]. 

This relationship may be attributed to hyperglycaemia-induced monocyte activation, which stimulates 

increased IL-6 secretion through the upregulation of Protein Kinase C (PKC), p38 Mitogen-Activated 

Protein Kinase (p38 MAPK), and Nuclear Factor-kappa B (NF-κB) activity. These pathways 

collectively enhance IL-6 transcription and release [42]. Additionally, hyperglycemia-induced 

mitochondrial oxidative stress generates reactive oxygen species (ROS) [43], which further amplify 

these inflammatory pathways. Consequently, the elevated IL-6 concentrations recorded in this study 

likely reflect a state of glucose-driven immune activation, where poorly controlled metabolic 

parameters exacerbate the inflammatory profile in children with type 1 diabetes. 

The positive correlations between BMI and IL-6 concentrations are also consistent with the 

findings of Park et al., who reported that plasma IL-6 levels were positively associated with body mass 

index [44]. This association can be attributed to the fact that adipose tissue serves as a significant 

source of pro-inflammatory cytokines, particularly IL-6, which stimulates lipolysis in human adipocytes 

[45].  

The current study also revealed significantly elevated serum concentrations of IL-6 in both 

male and female patients compared to their respective healthy control groups. The observed 

elevation in patients reflects a generalized state of immune activation. This elevation is consistent with 
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the established role of IL-6 as a key pleiotropic cytokine that orchestrates the systemic inflammatory 

response and induces the synthesis of acute-phase proteins in response to pathological stimuli [46]. 

Notably, the higher baseline and reactive levels of IL-6 observed in female patients may be attributed 

to inherent physiological dimorphism. Adipose tissue, which typically differs in distribution and 

percentage between genders, is known to contribute up to 30% of circulating IL-6 [47]. This suggests 

that female body composition may predispose them to a more pronounced inflammatory profile under 

diseased conditions. 

5. Conclusion 

This study demonstrated significantly elevated IL-6 levels and relatively reduced IL-4 levels in 

children with type 1 diabetes compared to healthy controls. These findings support the presence of a 

pro-inflammatory state associated with disease duration. However, further longitudinal and 

mechanistic studies are required to determine the clinical utility of these cytokines as biomarkers. 

Recommendations 

 Conduct further studies in other Libyan populations to validate these findings.   

 Investigate additional pro- and anti-inflammatory cytokines to better understand their roles in type 

1 diabetes.   

 Explore the relationship between autoantibodies and pro-/anti-inflammatory cytokines.   

Disclaimer 

The paper has never been offered for presentation or publication, including during submission for 

some other conference. 

Conflicts of Interest 

No financial, personal or professional interests' conflict of interest to declare. 

References 

1. Chala, T. S., & Ali, G. Y. (2016). Recent advance in diabetes therapy: Pancreatic beta cell 

regeneration approaches. International Journal of Diabetes Research, 5(4), 69–79. 

2. American Diabetes Association (2018). Economic Costs of Diabetes in the US in 2017. Diabetes 

Care, 41, 917. https://doi.org/10.2337/dci18-0007  

3. Lu, J., Liu, J., Li, L., Lan, Y., & Liang, Y. (2020). Cytokines in type 1 diabetes: Mechanisms of 

action and immunotherapeutic targets. Clinical & Translational Immunology, 9(3), e1122. 

https://doi.org/10.1002/cti2.1122   

4. Vaseghi, H., & Jadali, Z. (2016). Th1/Th2 cytokines in Type 1 diabetes: Relation to duration of 

disease and gender. Indian Journal of Endocrinology and Metabolism, 20(3), 312–316. 

https://doi.org/10.4103/2230-8210.180002  

5. D’Agostino, S., Valentini, G., & Dolci, M. (2024). Exploring Interleukin Levels in Type 1 Diabetes 

and Periodontitis: A Review with a Focus on Childhood. Children, 11(2), 238. 

https://doi.org/10.3390/children11020238. https://doi.org/10.3390/children11020238  

6. Polychronakos, C., & Li, Q. (2011). Understanding type 1 diabetes through genetics: Advances 

and prospects. Nature Reviews Genetics, 12(11), 781–792. https://doi.org/10.1038/nrg3069  

7. El-Mohamady, I., Haron, M., Rashed, L., Halawa, E., Badawy, N., & AndSediek, H. (2009). 

Cytokines in Egyptian children with type 1 diabetes. Med J Cairo Univ, 77(4), 191–196. 

www.medicaljournalofcairouniversity.com  

8. Nuhiar, R. S., Salman, A. N., & AL-Rekaby, H. R. (2018). Some cytokines Levels (TGFβ1, IL-4, IL-

6, and IL-17) in sera Patients with Diabetes Mellitus Type1, Type 2 in Nassiriya city. 6(4). 

9. Op de Beeck, A., & Eizirik, D. L. (2016). Viral infections in type 1 diabetes mellitus—Why the β 

cells? Nature Reviews Endocrinology, 12(5), 263–273. https://doi.org/10.1038/nrendo.2016.30  

10. He, J.-S., Xie, P.-S., Luo, D.-S., Sun, C.-J., Zhang, Y.-G., & Liu, F.-X. (2014). Role of immune 

dysfunction in pathogenesis of type 1 diabetes mellitus in children. Asian Pacific Journal of 

Tropical Medicine, 7(10), 823–826. https://doi.org/10.1016/S1995-7645(14)60144-9  

https://doi.org/10.2337/dci18-0007
https://doi.org/10.1002/cti2.1122
https://doi.org/10.4103/2230-8210.180002
https://doi.org/10.3390/children11020238
https://doi.org/10.1038/nrg3069
http://www.medicaljournalofcairouniversity.com/
https://doi.org/10.1038/nrendo.2016.30
https://doi.org/10.1016/S1995-7645(14)60144-9


Naima Hussin Ftattet  Libyan Journal of Medical and Applied Sciences 4(1) (2026), 70-08 

 

 78 

11. Koufakis, T., Kouroupis, D., Kourti, A., Thisiadou, K., Karalazou, P., Popovic, D. S., Patoulias, D., 

Maltese, G., Pyrpasopoulou, A., & Doukelis, P. (2025). Interleukin-6-related inflammatory burden 

in type 1 diabetes: Evidence for elevation with suboptimal glycemic control. Journal of Clinical 

Medicine, 14(18), 6511. https://doi.org/10.3390/jcm14186511  

12. Khalaf, S. A., AL-Tameemi, H. K., Al-Dulimi, A. G., & Hasan, W. Y. (2025). Elevated Serum 

Cytokines as Biomarkers for Type 1 Diabetes Mellitus in Diyala Province. AlQalam Journal of 

Medical and Applied Sciences, 148–153. https://doi.org/10.54361/ajmas.258123  

13. Shelbaya, S., Amer, H., Seddik, S., Allah, A., Sabry, I., Mohamed, T., & Mosely, M. E. (2012). 

Study of the role of interleukin-6 and highly sensitive C-reactive protein in diabetic nephropathy in 

type 1 diabetic patients. European Review for Medical & Pharmacological Sciences, 16(2).176–

182. https://doi.org/10.26355/eurrev_201202_176  

14. Chen, Y.-L., Qiao, Y.-C., Pan, Y.-H., Xu, Y., Huang, Y.-C., Wang, Y.-H., Geng, L.-J., Zhao, H.-L., & 

Zhang, X.-X. (2017). Correlation between serum interleukin-6 level and type 1 diabetes mellitus: A 

systematic review and meta-analysis. Cytokine, 94, 14–20. 

https://doi.org/10.1016/j.cyto.2017.01.002  

15. Akdis, M., Burgler, S., Crameri, R., Eiwegger, T., Fujita, H., Gomez, E., Klunker, S., Meyer, N., 

O’Mahony, L., & Palomares, O. (2011). Interleukins, from 1 to 37, and interferon-γ: Receptors, 

functions, and roles in diseases. Journal of Allergy and Clinical Immunology, 127(3), 701–721. 

https://doi:10.1016/j.jaci.2010.11.050. e1-70  

16. Tayrab, E. M. A., Mahmoud, G. M. G., Abdelrahim, H. M., Ahmed, S. M., & Elmakki, A. (2021). 

Association of interleukin-4 polymorphism with diabetic retinopathy and neuropathy in a 

Sudanese population. Bulletin of the National Research Centre, 45(1), 98. 

https://doi.org/10.2337/diacare.24.5.956  

17. LaPorte, S. L., Juo, Z. S., Vaclavikova, J., Colf, L. A., Qi, X., Heller, N. M., Keegan, A. D., & 

Garcia, K. C. (2008). Molecular and structural basis of cytokine receptor pleiotropy in the 

interleukin-4/13 system. Cell, 132(2), 259–272. https://doi.org/10.1016/j.cell.2007.12.030  

18. Seder, R. A., Paul, W. E., Davis, M. M., & Fazekas de St Groth, B. (1992). The presence of 

interleukin 4 during in vitro priming determines the lymphokine-producing potential of CD4+ T 

cells from T cell receptor transgenic mice. The Journal of Experimental Medicine, 176(4), 1091–

1098. https://doi.org/10.1084/jem.176.4.1091  

19. Mi, Q.-S., Ly, D., Zucker, P., McGarry, M., & Delovitch, T. L. (2004). Interleukin-4 but not 

interleukin-10 protects against spontaneous and recurrent type 1 diabetes by activated CD1d-

restricted invariant natural killer T-cells. Diabetes, 53(5), 1303–1310. 

https://doi.org/10.2337/diabetes.53.5.1303  

20. Targher, G., Zenari, L., Bertolini, L., Muggeo, M., & Zoppini, G. (2001). Elevated levels of 

interleukin-6 in young adults with type 1 diabetes without clinical evidence of microvascular and 

macrovascular complications. Diabetes Care, 24(5), 956. https://doi.org/10.1186/s42269-021-

00555-5  

21. Geerlings, S. E., Brouwer, E. C., Van Kessel, K. C., Gaastra, W., Stolk, R. P., & Hoepelman, A. I. 

(2000). Cytokine secretion is impaired in women with diabetes mellitus. European Journal of 

Clinical Investigation, 30(11), 995–1001. https://doi.org/10.1046/j.1365-2362.2000.00745.x  

22. Kikodze, N., Pantsulaia, I., Iobadze, M., Dzhakhutashvili, N., Pantsulaia, N., Kukuladze, N., 

Bikashvili, N., Metreveli, D., & Chikovani, T. (2013). Cytokines and T regulatory cells in the 

pathogenesis of type 1 diabetes. Georgian Medical News, (222), 29–35. 

23. Jasem, M. A. (2013). Autoantibodies and cytokines levels in type1 diabetes patients. Iraqi 

Postgrad. Med. J, 12(3), 351–358. 

24. Pérez B, F., Oyarzún A, A., Carrasco P, E., Angel B, B., Albala B, C., & Santos M, J. L. (2004). 

Niveles plasmáticos de citoquinas IL-1ß, IL2 e IL-4 en niños diabéticos tipo 1 de diagnóstico 

reciente y su asociación con anticuerpos ß pancreáticos. Revista Médica de Chile, 132(4), 415–

424 https://doi.org/10.4067/S0034-98872004000400002  

25. Syed Khaja, A. S., Binsaleh, N. K., Beg, M. M. A., Ashfaq, F., Khan, M. I., Almutairi, M. G., 

Qanash, H., Saleem, M., & Ginawi, I. A. M. (2024). Clinical importance of cytokine (IL-6, IL-8, and 

IL-10) and vitamin D levels among patients with Type-1 diabetes. Scientific Reports, 14(1), 24225. 

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

https://doi.org/10.3390/jcm14186511
https://doi.org/10.54361/ajmas.258123
https://doi.org/10.26355/eurrev_201202_176
https://doi.org/10.1016/j.cyto.2017.01.002
https://doi:10.1016/j.jaci.2010.11.050.%20e1-70
https://doi.org/10.2337/diacare.24.5.956
https://doi.org/10.1016/j.cell.2007.12.030
https://doi.org/10.1084/jem.176.4.1091
https://doi.org/10.2337/diabetes.53.5.1303
https://doi.org/10.1186/s42269-021-00555-5
https://doi.org/10.1186/s42269-021-00555-5
https://doi.org/10.1046/j.1365-2362.2000.00745.x
https://doi.org/10.4067/S0034-98872004000400002
https://doi.org/10.1038/s41598-024-73737-6


Naima Hussin Ftattet  Libyan Journal of Medical and Applied Sciences 4(1) (2026), 70-08 

 

 79 

26. Wilkin, T. J. (2013). Is autoimmunity or insulin resistance the primary driver of type 1 diabetes? 

Current Diabetes Reports, 13(5), 651–656. https://doi.org/10.1007/s11892-013-0407-7     

27. Timar, R., Timar, B., Degeratu, D., Serafinceanu, C., & Oancea, C. (2014). Metabolic syndrome, 

adiponectin and proinflammatory status in patients with type 1 diabetes mellitus. Journal of 

International Medical Research, 42(5), 1131–1138.  

28. Siewko, K., Maciulewski, R., Zielinska-Maciulewska, A., Poplawska-Kita, A., Szumowski, P., 

Wawrusiewicz-Kurylonek, N., Lipinska, D., Milewski, R., Gorska, M., Kretowski, A., & 

Szelachowska, M. (2019). Interleukin-6 and Interleukin-15 as Possible Biomarkers of the Risk of 

Autoimmune Diabetes Development. BioMed Research International, 2019, 1–7. 

https://doi.org/10.1155/2019/4734063  

29. Zorena, K., Myśliwska, J., Myśliwiec, M., Balcerska, A., Lipowski, P., & Raczyńska, K. (2007). 

Clinical immunology Relationship between serum levels of tumor necrosis factor-alpha and 

interleukin-6 in diabetes mellitus type 1 children. Central European Journal of Immunology, 32(3), 

124–128. 

30. Hammed, I. K., Rashid, N. F., & Abed, B. A. (2012). Serum Interleukin-6 level in children with type 

1 diabetes mellitus. Journal of the Faculty of Medicine Baghdad, 54(3), 228–230. 

https://doi.org/10.32007/jfacmedbagdad.54372  

31. Alexandraki, K. I., Piperi, C., Ziakas, P. D., Apostolopoulos, N. V., Makrilakis, K., Syriou, V., 

Diamanti-Kandarakis, E., Kaltsas, G., & Kalofoutis, A. (2008). Cytokine secretion in long-standing 

diabetes mellitus type 1 and 2: Associations with low-grade systemic inflammation. Journal of 

Clinical Immunology, 28(4), 314–321. . https://doi.org/10.1007/s10875-007-9164-1  

32. Rydén, A., & Faresjö, M. (2013). Altered immune profile from pre-diabetes to manifestation of type 

1 diabetes. Diabetes Research and Clinical Practice, 100(1), 74–84. 

https://doi:10.1016/j.diabres.2013.01.01  

33. Kulseng, B., Skjåk‐Bræk, G., Følling, I., & Espevik, T. (1996). TNF production from peripheral 

blood mononuclear cells in diabetic patients after stimulation with alginate and lipopolysaccharide. 

Scandinavian Journal of Immunology, 43(3), 335–340. https://doi.org/10.1046/j.1365-

3083.1996.d01-43.x  

34. Dogan, Y., Akarsu, S., Ustundag, B., Yilmaz, E., & Gurgoze, M. K. (2006). Serum IL‐1 β , IL‐2, and 

IL‐6 in Insulin‐Dependent Diabetic Children. Mediators of Inflammation, 2006(1), 059206. 

https://doi.org/10.1155/MI/2006/59206  

35. Erbağci, A. B., Tarakçioğlu, M., Coşkun, Y., Sivasli, E., & Namiduru, E. S. (2001). Mediators of 

inflammation in children with type I diabetes mellitus: Cytokines in type I diabetic children. Clinical 

Biochemistry, 34(8), 645–650.https://doi.org/10.1016/s0009-9120(01)00275-2  

36. Abed Nasser. A. (2016). An immunological and genetic study of type 1 diabetes in a sample of 

Iraqi patients [PhD thesis]. University of Baghdad, College of Education for Pure Sciences (Ibn Al-

Haytham). 

37. Shaker, S. F., Khaleel, Y. K., & Khalaf, S. D. (2025). Immune markers, biochemical parameters 

and genotoxicity in children infected with diabetes mellitus—Type 1. International Journal of 

Clinical Biology and Biochemistry, 7(1), 01–05. https://doi.org/10.33545/26646188.2025.v7.i1a.75  

38. Berwary, N. J. A., Majid, F.-A. A., Hamdan, S., Khangholi, S., & Waheda, N. E. (2013). Viruses 

Induce Type 1 Diabetes Mellitus in the Presence of HLA-DR3, DR4 Genes. Middle-East Journal 

of Scientific Research, 18(7), 916–925. https://doi.org/10.5829/idosi.mejsr.2013.18.7.1179   

39. Novak, J., Beaudoin, L., Park, S., Griseri, T., Teyton, L., Bendelac, A., & Lehuen, A. (2007). 

Prevention of type 1 diabetes by invariant NKT cells is independent of peripheral CD1d 

expression. The Journal of Immunology, 178(3), 1332–1340. 

https://doi.org/10.4049/jimmunol.178.3.1332  

40. Kukreja, A., Cost, G., Marker, J., Zhang, C., Sun, Z., Lin-Su, K., Ten, S., Sanz, M., Exley, M., & 

Wilson, B. (2002). Multiple immuno-regulatory defects in type-1 diabetes. The Journal of Clinical 

Investigation, 109(1), 131–140. https://doi.org/10.1172/JCI13605  

41. Kent, S. C., Chen, Y., Clemmings, S. M., Viglietta, V., Kenyon, N. S., Ricordi, C., Hering, B., & 

Hafler, D. A. (2005). Loss of IL-4 secretion from human type 1a diabetic pancreatic draining lymph 

node NKT cells. The Journal of Immunology, 175(7), 4458–4464. 

https://doi.org/10.4049/jimmunol.175.7.4458  

https://doi.org/10.1007/s11892-013-0407-7
https://doi.org/10.1155/2019/4734063
https://doi.org/10.32007/jfacmedbagdad.54372
https://doi.org/10.1007/s10875-007-9164-1
https://doi:10.1016/j.diabres.2013.01.01
https://doi.org/10.1046/j.1365-3083.1996.d01-43.x
https://doi.org/10.1046/j.1365-3083.1996.d01-43.x
https://doi.org/10.1155/MI/2006/59206
https://doi.org/10.33545/26646188.2025.v7.i1a.75
https://doi.org/10.5829/idosi.mejsr.2013.18.7.1179
https://doi.org/10.4049/jimmunol.178.3.1332
https://doi.org/10.1172/JCI13605
https://doi.org/10.4049/jimmunol.175.7.4458


Naima Hussin Ftattet  Libyan Journal of Medical and Applied Sciences 4(1) (2026), 70-08 

 

 80 

42. Kavitha, G., Ramani, G., Dhass, P. K., & Aruna, R. M. (2011). Oxidative stress, interleukin (IL-6) 

and atherogenic index of plasma in diabetic nephropathy.International Journal of Pharmaceutical 

Research & Review, 1(2), 31–37. 

43. Yao, D., & Brownlee, M. (2010). Hyperglycemia-induced reactive oxygen species increase 

expression of the receptor for advanced glycation end products (RAGE) and RAGE ligands. 

Diabetes, 59(1), 249–255. https://doi.org/10.2337/db09-080  

44. Park, H. S., Park, J. Y., & Yu, R. (2005). Relationship of obesity and visceral adiposity with serum 

concentrations of CRP, TNF-α and IL-6. Diabetes Research and Clinical Practice, 69(1), 29–35. . 

https://doi.org/10.1016/j.diabres.2004.11.007  

45. Trujillo, M. E., Sullivan, S., Harten, I., Schneider, S. H., Greenberg, A. S., & Fried, S. K. (2004). 

Interleukin-6 regulates human adipose tissue lipid metabolism and leptin production in vitro. The 

Journal of Clinical Endocrinology & Metabolism, 89(11), 5577–5582. 

https://doi.org/10.1210/jc.2004-0603  

46. Gabay, C. (2006). Interleukin-6 and chronic inflammation. Arthritis Research & Therapy, 8(Suppl 

2), S3. https://doi.org/10.1186/ar1917  

47. Mohamed-Ali, V., Goodrick, S., Rawesh, A., Katz, D., Miles, J., Yudkin, J., Klein, S., & Coppack, 

S. (1997). Subcutaneous adipose tissue releases interleukin-6, but not tumor necrosis factor-α, in 

vivo. The Journal of Clinical Endocrinology & Metabolism, 82(12), 4196–4200. 

https://doi.org/10.1210/jcem.82.12.4550  

 

 فً مصل مرضى السكري من النوع الأول 4والإنترلوكٌن  6تقٌٌم مستوٌات الإنترلوكٌن 

و.0 ودد تلعب السٌتوكٌنات أدوارًا حاسمة فً تنظٌم التفاعلات بٌن خلاٌا بٌتا البنكرٌاسٌة والخلاٌا المناعٌة فً تطور داء السكري من النوع الأ

المحفزة للالتهاب التً تفُرز أثناء المرض دد تفُادمه، بٌنما توفر السٌتوكٌنات المضادة للالتهاب الحماٌة0 هدفت هذه الدراسة  ثبت أن السٌتوكٌنات

( فً مص. الأطفا. المصابٌن بداء السكري من النوع الأو. ومقارنتها IL-4) 0-( والإنترلوكٌنIL-6) 6-إلى تقٌٌم مستوٌات الإنترلوكٌن

. الأصحاء0 تم تجنٌد سبعٌن طفلاً مصاباً بداء السكري من النوع الأو. وثلاثة وثلاثٌن طفلاً سلٌمًا بٌن شهري سبتمبر ودٌسمبر بمستوٌات الأطفا

0 أظهرت النتائج ارتفاعًا ELISA( فً المص. باستخدام اختبار IL-4) 0-( والإنترلوكٌنIL-6) 6-0 دٌُست مستوٌات الإنترلوكٌن0.00من عام 

(، مع وجود فرق دا. 033.±0060( مقارنةً بالأصحاء )083.±90095( لدى المرضى )IL-6) 6-تركٌز الإنترلوكٌنوسط ملحوظًا فً مت

( مقارنةً بالمرضى 93030±09077كان أعلى لدى الأفراد الأصحاء ) 0-تركٌز الإنترلوكٌن(0 على الرغم من أن متوسط p=0.001إحصائٌاً )

(0 كما كشفت الدراسة عن وجود ارتباطات دالة إحصائٌاً بٌن تركٌزي p=0.10لم ٌكن ذا دلالة إحصائٌة ) (، إلا أن هذا الفرق98079±70.8)

والهٌموجلوبٌن  6-ومدة المرض0 بالإضافة إلى ذلك، لوحظ ارتباط إٌجابً ضعٌف بٌن مستوٌات الإنترلوكٌن 0-والإنترلوكٌن 6-الإنترلوكٌن

لدى  6-(، وكذلك ارتباط إٌجابً ضعٌف بٌن تركٌزات الإنترلوكٌنFBSسكر الدم الصائم )( وBMI( ومؤشر كتلة الجسم )HbA1cالسكري )

المُحفز للالتهاب لدى الأطفا. المصابٌن  6-مرضى السكري من الذكور والإناث0 تظُهر هذه الدراسة ارتفاعًا ملحوظًا فً مستوٌات الإنترلوكٌن

اء، مما ٌشٌر إلى حالة التهاب مزمنة مرتبطة بالمرض0 فً حٌن كانت مستوٌات بداء السكري من النوع الأو. مقارنةً بأدرانهم الأصح

 أد. لدى مرضى السكري، إلا أن هذا الفرق لم ٌص. إلى مستوى الدلالة الإحصائٌة0 0-الإنترلوكٌن

 مرضى السكري  ،0إنترلوكٌن  ،6إنترلوكٌن  :الكلمات المفتاحٌة
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