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Abstract 

This study aimed to evaluate the association be-

tween circulating adipokines, pro-inflammatory 

cytokines, and glycemic management in children 

with type 1 diabetes mellitus (T1D). 

 

 

Association of Adipokines and  

Pro-Inflammatory Cytokines with  

Glycemic Control in Pediatric Type 1 DM 

 
Zahraa Ali Hussein Al-Tameemi * ,  

 

Department of Chemistry and Biochemistry, College of Medicine / 

Al-Iraqia University/ Iraq 

              

A case-control study was carried out between April 12, 2025, 

and February 1, 2026, in pediatric and endocrine clinics in Thi-

Qar. The research involved 150 subjects: 100 children diag-

nosed with TID and 50 healthy controls who were matched 

based on age and sex. Clinical and demographic details were 

recorded, and blood samples were obtained after fasting for bi-

ochemical testing. Glycemic markers, lipid levels, adipokines 

(adiponectin, leptin, resistin, visfatin), and inflammatory cyto-

kines (TNF-α, IL-6, IL-1β, CRP) were evaluated using auto-

mated analyzers and ELISA methods in regulated laboratory 

settings. 

The findings indicated that HbA1c levels were markedly higher 

in T1D patients versus controls (p<0.001), suggesting inade-

quate glycemic management. Children with diabetes exhibited 

significantly elevated fasting glucose levels and negative lipid 

profiles, characterized by increased cholesterol, triglycerides, 

and low-density lipoprotein cholesterol (LDL-C), alongside re-

duced high-density lipoprotein cholesterol (HDL-C). Further-

more, adiponectin levels were significantly reduced in the T1D 

group (p<0.001), whereas proinflammatory markers increased 

considerably, such as leptin (p<0.001) and TNF-α (p<0.001). 

These markers displayed notable positive correlations with 

HbA1c (P<0.001), signifying a strong link between systemic 

inflammation and glycemic dysregulation. 

Type 1 diabetes in children is associated with an imbalance of 

adipokines and elevated pro-inflammatory cytokines, which 

correlate with poor glycemic control. Chronic elevated blood 

sugar may trigger inflammatory pathways and disrupt fat tissue, 

resulting in metabolic problems and immune system activation 

that exacerbate disease advancement. 
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Introduction  

Type 1 diabetes mellitus (T1D) is an enduring 

autoimmune metabolic condition that is defined 

by the autoimmune destruction of pancreatic β-

cells, causing absolute insulin deficiency and 

chronic hyperglycemia. It is among the most 

prevalent endocrine diseases among children 

and adolescents around the globe. Pediatric T1D 

is becoming a growing global disease, especially 

in the developing and middle-income states in 

the last decades. This increasing prevalence is a 

major issue in public health because of the met-

abolic comorbidities of chronic hyperglycemia, 

such as cardiovascular disease, nephropathy, 

neuropathy, and retinopathy (1,2). Poor glyce-

mic regulation in children in the early phases of 

the disease has the potential to enhance the de-

velopment of these complications in adulthood, 

and therefore it is important to detect metabolic 

and inflammatory biomarkers early in the dis-

ease to monitor and control it (3). 

The pathogenesis of T1D is complex, involving 

a combination of genetic predisposition and en-

vironmental precipitation, and immune dysreg-

ulation. The disease is mainly diagnosed with 

the destruction of insulin producing β-cells in 

the pancreatic islets in a process of autoimmune 

destruction. This is facilitated by autoreactive T 

cells and inflammatory cytokines which en-

hance the progressive apoptosis of the β-cells 

and loss of insulin secretion  (4,5). With the de-

velopment of insulin deficiency, the intake of 

glucose by peripheral tissues is impaired leading 

to continuous hyperglycemia and metabolic dis-

ruptions. The most popular biomarker to assess 

the role of long-term glycemic control in dia-

betic patients, glycated hemoglobin (HbA1c) is 

the indicator of average blood glucose levels 

during the last two to three months (6). 

 

 

 

Over the past years, more and more focus has 

been on the role of inflammatory mediators and 

adipose tissue-derived hormones in the patho-

physiology of diabetes. Adipose tissue is no 

longer thought of as a passive energy storage or-

gan but it is now being viewed as an active en-

docrine gland producing a broad assortment of 

endocrine bioactive molecules referred to as ad-

ipokines. These molecules control metabolic ho-

meostasis, immune, and inflammatory signaling 

pathways. Adiponectin, leptin, Resistin, and 

Visfatin are among the most widely investigated 

adipokines that have been implicated in the glu-

cose metabolism and insulin sensitivity (7,8). 

Adiponectin usually displays the anti-inflamma-

tory and insulin-sensitizing properties, but lep-

tin, Resistin, and Visfatin are usually related to 

the inflammatory processes and metabolic im-

balances (9). 

The changes in the secretion of adipokines can 

be a cause of the formation of metabolic disturb-

ances and inflammation witnessed in diabetic 

patients. Lower levels of adiponectin have been 

linked to the inability to regulate glucose and en-

hanced inflammatory processes. On the con-

trary, a rise in leptin and Resistin has been asso-

ciated with the insulin resistance, immune acti-

vation, and dysfunction of endothelium (10). 

These adipokines communicate with immune 

cells and inflammatory pathways, which makes 

it possible to consider that in the pathogenesis of 

diabetes, metabolic and immune processes are 

closely linked to each other (11). Besides adi-

pokines, pro-inflammatory cytokines also have 

a central role to play in the autoimmune and in-

flammatory mechanisms of T1D. Tumor necro-

sis factor-alpha (TNF-α), interleukin-6 (IL-6)  
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and interleukin-1 beta (IL-1β) are the cytokines 

that have been known to mediate b-cell damage 

and systemic inflammation. These cytokines 

may trigger intracellular signaling pathways 

which favor oxidative stress, apoptosis and im-

mune-mediated pancreatic tissue destruction 

(12). Moreover, chronic hyperglycemia per se 

may augment the action of inflammatory re-

sponses by producing advanced glycation end 

products (AGEs) and reactive oxygen species, 

thus increasing the release of cytokines and met-

abolic impairment (13). 

Adipokines, inflammatory cytokines and glyce-

mic control interaction is a significant field of 

research in pediatric diabetes. Despite the avail-

able studies that have investigated the inflam-

matory nature of T1D, combined analysis of the 

adipokines, and cytokines in association with 

glycemic control has been relatively low, espe-

cially in pediatric groups (14). 

Knowledge of these relationships could offer 

useful information on the processes that mediate 

the association between metabolic dysregulation 

and immune activation in children with diabetes. 

Besides, the detection of specific biomarkers re-

lated to the inadequate glycemic control can also 

be used to enhance disease monitoring and for-

mulate specific therapeutic intercessions (15).  

Thus, the current research proposal was to ex-

plore the relationship between circulating adi-

pokines and pro-inflammatory cytokines and 

glycemic control among children with type 1 di-

abetes mellitus. This study aims to offer a 

clearer understanding of the metabolic-inflam-

matory interactions of pediatric T1D and their 

possible clinical implication by comparing the 

levels of biomarkers between diabetic children 

and healthy controls and studying their relation-

ships with glycemic indicators. 

 

Material and Methods:  

Study design and setting:  

The case-control study was carried out to exam-

ine the relationship between adipokines, pro-in-

flammatory cytokines and glycemic control in 

children with T1D. The study was carried out 

from April 12, 2025, to February 1, 2026, in the 

pediatric units and endocrine unit outpatient 

clinic of the selected hospitals and medical cen-

ters in Thi-Qar directorate. 

Study population:  

The assessment of family history of diabetes 

was done through parental report and both type 

1 and type 2 diabetes mellitus were captured 

through first-degree relatives. The population to 

be studied was 150 which comprised of 100 

children with T1D and 50 seemingly healthy 

children as the control population. The control 

group was chosen  compared with the patient 

group in relation to their age and sex to reduce 

possible confounding factors. The diagnosis of 

T1D was established based on the American Di-

abetes Association (ADA) criteria, including 

clinical presentation, and the presence of hyper-

glycemia (fasting plasma glucose ≥126 mg/dL, 

random glucose ≥200 mg/dL or HbA1c ≥6.5%). 

All patients were confirmed as insulin-depend-

ent by physicians and required continuous exog-

enous insulin therapy.  

The age of children involved in the study was 

the pediatric age range with no previous history 

of other chronic metabolic, autoimmune, and in-

flammatory diseases. The age of children in-

volved in the study was the pediatric age range 

with no previous history of other chronic meta-

bolic, autoimmune (other than T1D), and in-

flammatory diseases.  
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Patients who had acute infections, or endocrine 

disorders other than diabetes, were excluded. 

Moreover, those test subjects who had received 

within the previous 4 weeks corticosteroids, 

non-steroidal anti-inflammatory drugs 

(NSAIDs), lipid-lowering agents or immuno-

modulatory treatment were also excluded.  

To minimize the possibility of diabetes, autoim-

mune disease, or other long-term medical con-

ditions, healthy controls were screened. The 

structured questionnaires and medical records 

were used to gather demographic and clinical in-

formation after enrolment.  

The documented variables were age, gender, 

body mass index (BMI), duration of diabetes 

and insulin therapy dosage. Standard formula 

was used in calculating the BMI (weight in kil-

ograms/height in meters squared). 

Venous blood samples (5 ml) were collected af-

ter an 8-hour overnight fast. Samples were cen-

trifuged at 3000 rpm for 10 minutes to isolate 

serum, which was then stored at (-20C) until 

analysis. 

Glycemic and Lipid Profiles: Fasting blood glu-

cose (FBG), HbA1c, and lipid parameters (Total 

Cholesterol, Triglycerides, HDL-C, and LDL-

C) were measured using enzymatic colorimetric 

methods with kits from Biolabo (France). 

Adipokine Quantification: Serum Adiponectin, 

Leptin, Resistin, and Visfatin were quantified 

using Sandwich ELISA kits from Elabscience 

(China). These kits were selected for their high 

sensitivity and specificity in pediatric samples. 

Inflammatory Markers: High-sensitivity ELISA 

kits from Elabscience were employed to meas-

ure circulating levels of TNF-α, IL-6, and IL-1β. 

C-Reactive Protein (CRP) was analysed using 

the hs-CRP immunoturbidimetric assay. 

Procedure Standardization: All measurements 

were performed on automated clinical chemistry 

analyzers and microplate readers at 450 nm. 

Assays were conducted in duplicate to minimize 

intra-assay variation, following the manufactur-

ers’ strictly defined procedures. 

 

Statistical Analysis: 

Statistical Package of the Social Sciences (SPSS) 

version 26 was used to analyze the data collected 

statistically. Continuous variables were expressed 

as mean ± standard deviation (SD), while categor-

ical variables were given frequencies and percent-

ages. The Kolmogorov-Smirnov test was em-

ployed to assess the normality of the data distri-

bution. For the comparison of mean values be-

tween T1D and healthy controls, the independent 

samples t-test was utilized for normally distrib-

uted variables. Pearson correlation coefficient (r) 

was carried out to determine the relationship be-

tween the adipokines, inflammatory cytokines 

and the indicators of glycemic control-like hemo-

globin A1c. Any p-value that was smaller than 

0.05 was considered statistically significant for all 

tests. 

Results: 

In Table 1, the analysis demonstrated no statisti-

cally significant differences between children 

with T1D and healthy controls regarding age (p 

= 0.621), gender distribution (p = 0.987), or 

body mass index (p = 0.573), indicating that the 

groups were well matched for these baseline 

variables. The patients having T1D had an aver-

age of 4.6 ± 2.3 years of diabetes and the daily 

dose of insulin was 0.82 ± 0.21 U/kg. There was 

a substantial difference between T1D patients 

and controls in family history of diabetes (type 

1 and type 2 diabetes mellitus) (p=0.041). More-

over, the glycemic control indexes were signifi-

cantly different between the groups with fairly 

high levels of HbA1c among diabetic children 

(p< 0.001)   indicating   poor   glycemic   control 
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 Table 1: Sociodemographic and Clinical Characteristics of Pediatric Type 1 Diabetes Pa-

tients and Healthy Controls 

Variable T1D Patients (n=100) 

Mean±SD 

Controls (n=50) 

Mean±SD 

P-value 

Age (years) 11.2 ± 3.4 10.9 ± 3.1 0.621 

Gender (Male/Female) 54 / 46 27 / 23 0.987 

BMI (kg/m²) 19.8 ± 3.2 20.1 ± 3.4 0.573 

Duration of diabetes (years) 4.6 ± 2.3 — — 

Family history of diabetes (%) 38 (38%) 11 (22%) 0.041 

Insulin therapy (daily dose U/kg) 0.82 ± 0.21 — — 

HbA1c (%) 9.1 ± 1.8 5.2 ± 0.6 <0.001 
                 *Statistical analysis was done using the Mann-Whitney test  

Table 2: Comparison of Glycemic and Lipid Profile Parameters Between Pediatric Type 1 

Diabetes Patients and Healthy Controls 

Parameter T1D Patients (n=100) 

Mean±SD 

Controls (n=50) 

Mean±SD 

P-value 

Fasting Blood Glucose (mg/dL) 214.6 ± 52.8 88.4 ± 10.7 <0.001 

HbA1c (%) 9.1 ± 1.8 5.2 ± 0.6 <0.001 

Total Cholesterol (mg/dL) 185.3 ± 34.7 162.5 ± 29.4 0.002 

Triglycerides (mg/dL) 148.2 ± 41.6 112.3 ± 30.1 <0.001 

HDL-C (mg/dL) 42.1 ± 8.7 51.6 ± 9.3 <0.001 

LDL-C (mg/dL) 109.4 ± 27.8 93.2 ± 22.5 0.004 
*Statistical analysis was done using the Paired T-test test  
#Statistical analysis was done using the Wilcoxon signed rank test  

 

in pediatric patients with T1D. These results af-

firm the clinical difference between the two 

groups and even though they shared similar 

baseline demographic variables. 

In Table 2, the findings revealed significantly 

high levels of fasting blood glucose in T1D pa-

tients as compared to the control group (p< 

0.001). HbA1c levels differed significantly be-

tween diabetic patients and healthy subjects  (p< 

0.001). Lipid profile parameters, total choles-

terol concentrations were significantly increased 

in T1D patients compared with controls (p= 

0.002). Triglyceride levels were also signifi-

cantly elevated in the diabetic group (p< 0.001). 

In contrast, HDL-C levels were significantly 

lower among T1D patients compared with 

healthy individuals (p<0.001). Additionally, 

LDL-C levels were significantly higher in the 

diabetic group relative to the control group  p = 

0.004).  

The comparison of the adipokines levels is 

demonstrated in Table 3, which illustrates the 

circulating levels of adipokine in pediatric pa-

tients with type 1 diabetes mellitus (T1D) and 

healthy controls. It was found that the level of 

serum adiponectin in T1D patients decreased 

significantly in comparison with the control 

group (p < 0.001). On the contrary, diabetic chil-

dren had significantly increased pro-inflamma-

tory and metabolically active adipokines. Serum 

leptin concentrations were significantly higher 

in the T1D group than in controls (p < 0.001). 
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Similarly, Resistin levels were significantly in-

creased among patients with T1D  compared 

with healthy individuals (p < 0.001). There was 

also statistically significant increase in the dia-

betic group over the control group in the concen-

tration of Visfatin (p<0.001). 

Table 4 revealed the summary of circulating lev-

els of some of the pro-inflammatory cytokines 

in pediatric patients with T1D and healthy con-

trols. The results proved that there was a signif-

icant increase in the levels of inflammatory 

components in diabetic children. 

Table 3: Serum Levels of Adipokines in Pediatric Type 1 Diabetes Patients 

and Healthy Controls 

Adipokine T1D Patients (n=100) 

Mean±SD 

Controls (n=50) 

Mean±SD 

P-value 

Adiponectin (µg/mL) 7.4 ± 2.3 10.2 ± 2.7 <0.001 

Leptin (ng/mL) 15.8 ± 5.1 11.4 ± 4.2 <0.001 

Resistin (ng/mL) 8.6 ± 2.4 6.3 ± 1.9 <0.001 

Visfatin (ng/mL) 4.9 ± 1.5 3.6 ± 1.2 <0.001 
*Statistical analysis was done using the Paired T-test test  

#Statistical analysis was done using the Wilcoxon signed rank test  

 

Table 4: Serum Levels of Pro-Inflammatory Cytokines in Pediatric Type 1 

Diabetes Patients and Healthy Controls 

Cytokine T1D Patients (n=100) 

Mean±SD 

Controls (n=50) 

Mean±SD 

P-value 

TNF-α (pg/mL) 18.6 ± 6.2 10.7 ± 3.5 <0.001 

IL-6 (pg/mL) 9.8 ± 3.1 4.5 ± 1.7 <0.001 

IL-1β (pg/mL) 6.2 ± 2.0 3.1 ± 1.2 <0.001 

CRP (mg/L) 4.9 ± 1.8 1.7 ± 0.9 <0.001 
            *Statistical analysis was done using the Paired T-test test  

#Statistical analysis was done using the Wilcoxon signed rank test  

 

Table 5. Correlation Between Adipokines, Inflammatory Cytokines, and Glycemic 

Control (HbA1c) in Pediatric Type 1 Diabetes Patients (n=100) 

Biomarker r value P-value 

Adiponectin -0.41 <0.001 

Leptin 0.36 0.002 

Resistin 0.39 <0.001 

Visfatin 0.33 0.004 

TNF-α 0.45 <0.001 

IL-6 0.42 <0.001 

IL-1β 0.31 0.006 

CRP 0.38 <0.001 
            *Statistical analysis was done using the Spearman correlation test 
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The results proved that there was a significant 

increase in the levels of inflammatory compo-

nents in diabetic children. The level of serum tu-

mor necrosis factor-alpha (p< 0.001) was signif-

icantly greater in the T1D group as compared to 

controls. In the same way, the interleukin-6 (IL-

6) levels were also highly elevated in type 1 di-

abetes patients in comparison with healthy per-

sons (p < 0.001). The level of interleukin-1 beta 

(IL-1β) also showed a significant increase in the 

diabetic population compared to the controls (p 

< 0.001). Besides this, C-reactive protein (CRP), 

a major systemic inflammatory protein, was also 

significantly increased in T1D patients and com-

pared to the control group (p < 0.001). Together, 

these findings suggest a strong inflammatory 

phenotype in pediatric type 1 diabetes, which is 

in favor of the importance of chronic immune-

activation and cytokine-mediated inflammation 

in the pathophysiology and metabolic dysregu-

lation of the disease. 

Table 5 reports the correlation study of adi-

pokines that are in circulation, inflammation cy-

tokines and glycemic control, measured by the 

level of (HbA1c) specifically in pediatric pa-

tients with type 1 diabetes mellitus group 

(n=100). As shown in the analysis, the correla-

tion between the adiponectin levels and the 

HbA1c was found to be negative with a signifi-

cant negative association, showing reduced lev-

els of adiponectin with worse glycemic control 

(r = -0.41, p < 0.001). Conversely, there were 

positive correlations between some adipokines 

and HbA1c as follows, leptin (r = 0.36, p = 

0.002), Resistin (r = 0.39, p < 0.001), and 

Visfatin (r = 0.33, p = 0.004), which indicate that 

they may be involved in metabolic dysregula-

tion and insulin resistance in childhood diabetes. 

In addition, inflammatory cytokines were signif-

icantly and positively correlated with HbA1c 

levels. TNF-  was the most correlated (r = 0.45, 

p < 0.001) then IL-6 (r = 0.42, p < 0.001), CRP 

(r = 0.38, p < 0.001) and finally, IL-1β (r = 0.31, 

p = 0.006).  

Discussion: 

The authors described the relationship between 

adipokines and pro-inflammatory cytokines and 

glycemic control in pediatric patients with T1D 

in the presented research. The sociodemo-

graphic analysis indicated that the diabetic pa-

tients and healthy controls do not have statisti-

cally significant differences in terms of age, 

gender distribution, and body mass index 

(BMI). This similarity between groups increases 

internal validity of the research because it re-

duces the potential confounding variables that 

are linked to demographic and anthropometric 

dissimilarities. This has been found in other 

childhood diabetes studies where age and BMI 

had been closely matched and hence the ob-

served biochemical difference could be at-

tributed to the effect of the disease-induced me-

tabolism and immunological changes rather 

than demographic bias (16,17). 

The present results however reported that the 

family history of diabetes was significantly 

more common among T1D patients’ group 

(38%) as compared to controls. The fact is veri-

fied by the observation that genetic susceptibil-

ity is solid in the development of  autoimmune 

diabetes. In children, genetic predisposition to 

the 2nd type of diabetes has been known to in-

volve the immune-regulatory genes and our 

HLA class II alleles that predisposed genetic 

factors to the pancreatic destruction and im-

mune-activation of gene triggering (18). 

The evaluation of glycemic indicators showed 

the fasting level of blood glucose and HbA1c 

was significantly higher in diabetic children 
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than in healthy individuals. Such results are 

aligned with the pathophysiology of T1D which 

is an autoimmune mediated damage of insulin 

producing β-cells in the pancreatic islets of 

Langerhans. With the progression of insulin de-

ficiency, the uptake of glucose by peripheral tis-

sues decreases, which induces chronic hypergly-

cemia and poor glycemic control in the long-

term period, as indicated by the increase in the 

level of HbA1c (19,20).  

The same findings were obtained in several 

studies involving children who showed that 

HbA1c continues to be the best predictor of per-

sistent glycemic imbalance and metabolic 

dysregulation in children with T1D (21). Hyper-

glycemia in these patients may also persist and 

induce oxidative stress and endothelial dysfunc-

tion which leads to systemic inflammatory acti-

vation and metabolic complications  (22). 

The lipid profile results in the current study had 

shown that there was a great increase in total 

cholesterol, triglycerides, and LDL-cholesterol 

in T1D patients, but there was a significant de-

crease in HDL-cholesterol levels in T1D pa-

tients as compared to controls. These changes 

show the existence of dyslipidemia related to di-

abetes (23,24). The impact that the insulin defi-

ciency has on hepatic lipid metabolism can be 

the reason behind this trend. Insulin normally in-

hibits hepatic lipolysis and regulates the activity 

of lipoprotein lipase and in this regard, insulin 

deficiency facilitates the synthesis of triglycer-

ides and the inability to remove the circulating 

lipoproteins (25). 

Also, chronic hyperglycemia may maximise 

glycation of lipoproteins, which results in de-

creased HDL activity and elevated LDL oxida-

tion. Other studies have also found the same li-

pid abnormalities in pediatric T1D patients but 

others have found less severe dyslipidemia es-

pecially in patients with excellent glycemic con-

trol. This difference in studies could be at-

tributed to variations in the glycemic control sta-

tus, the duration of the disease, insulin therapy 

adherence and lifestyle variables like diet and 

physical activity (26). 

They also found that there were strong changes 

in the circulating adipokines between diabetic 

children. Particularly, the level of adiponectin in 

T1D patients relative to their healthy controls 

was significantly lower, perhaps due to the high 

HbA1c or disease duration,  whereas leptin, Re-

sistin, and Visfatin were considerably higher. 

Adiponectin has been well-known as an anti-in-

flammatory and insulin-sensitizing adipokine 

that has a protective effect on glucose metabo-

lism. The low levels of adiponectin in diabetic 

patients might indicate the disturbed functioning 

of adipose tissue and augmented graph of in-

flammatory signals (27). 

Leptin, Resistin and Visfatin, on the other hand, 

are commonly linked to inflammatory and met-

abolic responses to stress. Increased inflamma-

tory signaling and alterations in energy homeo-

stasis of diabetic patients may lead to high levels 

of leptin. Insulin resistance, endothelial dys-

function, and inflammatory activation have been 

associated with Resistin and Visfatin, and there-

fore, the adipokines may play a role in metabolic 

disorders in pediatric diabetes (28). Neverthe-

less, other results have indicated opposite results 

of adiponectin levels in T1D with some reports 

indicating that levels were higher and not re-

duced. These inconsistencies can be attributed to 

variation in age of the patient, duration of a dis-

ease, distribution of body fats, and the compen-

satory metabolism responses in the early diabe-

tes (29). 
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The inflammatory character, which was noticed 

in the given study, also confirms the idea that 

type 1 diabetes is not merely a metabolic disor-

der but a chronic inflammatory disease. TNF-al-

pha, IL-6, IL-1b and CRP serum concentrations 

were markedly higher in diabetic children than 

in controls. These cytokines play a central role 

in the immune activation and they mediate the 

autoimmune destruction of pancreatic β-cells. 

Directly, TNF-α and IL-1β have the ability to 

trigger apoptosis in β-cells via nuclear factor-κB 

(NF-κB) and oxidative stress signaling path-

ways, which result in insulin release depleting 

progressively (30,31).  

The IL-6 is also involved in the promotion of 

systemic inflammation as well as the modifica-

tion of glucose metabolism. High CRP is a 

symptom of generalized inflammatory response 

which is common in long-term metabolic disor-

ders. Whilst numerous studies have confirmed 

the existence of the association between T1D 

and the presence of inflammatory cytokines, 

other studies have found reduced or no differ-

ence between cytokines in specific groups. 

These discrepancies could be caused by differ-

ences in the stage of the disease, insulin treat-

ment steps, genetics or insensitivity of the labor-

atory assays (32). 

The correlation analysis showed that biomarkers 

and glycemic control have significant relation-

ships. There was a significant negative relation-

ship between adiponectin and positive relation-

ship between leptin, Resistin, Visfatin and in-

flammatory cytokines and HbA1c levels. These 

results imply that decreasing glycemic control is 

linked to the increased inflammatory response 

and adipokine disproportion. Mechanistically, 

chronic hyperglycemia stimulates the develop-

ment of advanced glycation end products 

(AGEs) and reactive oxygen species that trigger 

inflammatory responses and the production of 

cytokines. Meanwhile, the inflammatory cyto-

kines may also further disrupt the insulin signal-

ing pathways, which forms a vicious circle be-

tween the metabolic dysregulation and inflam-

mation  (33).  

The high R between systemic inflammatory 

markers and HbA1c(specifically TNF-α(r=0.45, 

p<0.001) and IL-6(r=0.42, p<0.001), these find-

ing imply that chronic hyperglycemia serves as 

the primary driver of the systemic inflammatory 

surge observed in these pediatric patients. The 

current study contributes to the notion that in-

flammatory markers can be used as the possible 

biomarkers that concentrate on the progression 

of the disease and metabolic adverse events of 

T1D in children (16). 

Conclusion 

The results showed that type 1 diabetes in chil-

dren is connected with considerable changes in 

adipokines and pro-inflammatory cytokines that 

are closely interrelated with the lack of proper 

glycemic control. Lower adiponectin and in-

creased leptin, Resistin, Visfatin and inflamma-

tory cytokines indicate the existence of meta-

bolic inflammatory imbalance. Sustained hyper-

glycemia can encourage oxidative stress and im-

mune stimulation caused by hyperactivity of cy-

tokines and dysfunction of adipose tissues. 

These interactions can possibly lead to the ad-

vancement of metabolic imbalance and inflam-

matory reactions, indicating the possible value 

of these biomarkers as the method of disease se-

verity and glycemic control monitoring in chil-

dren with T1D. 
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Study Limitations 

While this study provides valuable insights into 

the inflammatory landscape of pediatric T1D in 

the Thi-Qar region, several limitations must be 

acknowledged: 

Cross-Sectional Design: Due to the cross-sec-

tional nature of the study, we cannot establish a 

definitive causal relationship between adipokine 

dysregulation and the progression of diabetic 

complications. Longitudinal studies are required 

to determine if these biomarkers can predict 

long-term outcomes. 

Sample Size and Diversity: Although our sam-

ple of 150 participants is statistically significant, 

it was drawn from a specific geographic region 

(Thi-Qar). Multi-center studies involving di-

verse Iraqi provinces would enhance the gener-

alizability of the findings. 

Pubertal Status: While age-matching was per-

formed, we did not account for specific Tanner 

stages (pubertal development). Since puberty is 

a period of transient physiological insulin re-

sistance and hormonal shifts, this may influence 

adipokine concentrations. 

Nutritional Assessment: The study did not in-

clude a detailed dietary or physical activity log, 

which are external factors known to influence li-

pid profiles and adipokine secretion. 

Ethical Approval:  

The ethical approval of this study was taken care 

of by the Institutional Ethics Committee of the 

medical institution (Al-Habbobi Teaching Hos-

pital-Nasiriya- Iraq) (1285, 10/04/2025) in 

which the research was done before the research 

began. Furthermore, the parents or legal guardi-

ans of the participating children gave informed 

consent in writing after the purpose of the study 

and procedures involved such as the blood sam-

ple collection, were explained to them. The re-

search processes were also carried out in com-

pliance with the ethical requirements of con-

ducting research with human subjects and the 

protection of confidentiality and privacy of all 

the obtained data. 

 

Conflict of Interest: None to declare 

 

Funding: Nil 

References: 

1. Rasheed NW, Abbood YH, Abd-Alhussain 

SQ, Abu-Shana JH. Fibronectin as a nexus 

of inflammation and dysmetabolism in type 

2 diabetes. Al-Iraqia Medical College Jour-

nal. 2025 Aug 15;2(2):49-59. 

2. AbdulKareem NG, Jassim NA, Mohammed 

ZK, Alkabban M. linkage between the du-

ration of diabetes mellitus type-2 with the 

biochemical measurements and the extent 

of chronic complications. Journal of Bio-

science and Applied Research. 2024 Jun 

1;10(2):235-46. 

3. Popoviciu MS, Kaka N, Sethi Y, Patel N, 

Chopra H, Cavalu S. Type 1 diabetes melli-

tus and autoimmune diseases: a critical re-

view of the association and the application 

of personalized medicine. Journal of Per-

sonalized Medicine. 2023 Feb 

26;13(3):422. 

4. Ilonen J, Lempainen J, Veijola R. The het-

erogeneous pathogenesis of type 1 diabetes 

mellitus. Nature Reviews Endocrinology. 

2019 Nov;15(11):635-50. 

5. Ogrotis I, Koufakis T, Kotsa K. Changes in 

the global epidemiology of type 1 diabetes 

in an evolving landscape of environmental 

factors: causes, challenges, and opportuni-

ties. Medicina. 2023 Mar 28;59(4):668. 

6. Zorena K, Michalska M, Kurpas M, Jasku-

lak M, Murawska A, Rostami S. Environ-

mental factors and the risk of developing 



                        

 

 
The journal is licensed under a Attribution 4.0 International (CC BY 4.0). 

 

Page | 110 

 

AIMCJ.(2026),3;(1):100-111 
https://doi.org/10.58564/AIMCJ3.1.2026.258 

Association of Adipokines and Pro-Inflam-

matory Cytokines with Glycemic Control in 

Pediatric Type 1 Diabetes 

type 1 diabetes—old disease and new data. 

Biology. 2022 Apr 16;11(4):608. 

7. Burhans MS, Hagman DK, Kuzma JN, 

Schmidt KA, Kratz M. Contribution of adi-

pose tissue inflammation to the develop-

ment of type 2 diabetes mellitus. Compre-

hensive physiology. 2019 Jan 17;9(1):1-

58.7. 

8. Booth A, Magnuson A, Fouts J, Foster MT. 

Adipose tissue: an endocrine organ playing 

a role in metabolic regulation. Hormone 

molecular biology and clinical investiga-

tion. 2016 Apr 1;26(1):25-42. 

9. Chait A, Den Hartigh LJ. Adipose tissue 

distribution, inflammation, and its meta-

bolic consequences, including diabetes and 

cardiovascular disease. Frontiers in cardio-

vascular medicine. 2020 Feb 25;7:522637. 

10. Zorena K, Jachimowicz-Duda O, Ślęzak D, 

Robakowska M, Mrugacz M. Adipokines 

and obesity. Potential link to metabolic dis-

orders and chronic complications. Interna-

tional journal of molecular sciences. 2020 

May 18;21(10):3570. 

11. Unamuno X, Gómez‐Ambrosi J, Rodríguez 

A, Becerril S, Frühbeck G, Catalán V. Adi-

pokine dysregulation and adipose tissue in-

flammation in human obesity. European 

journal of clinical investigation. 2018 

Sep;48(9):e12997. 

12. Shao L, Feng B, Zhang Y, Zhou H, Ji W, 

Min W. The role of adipose-derived inflam-

matory cytokines in type 1 diabetes. Adipo-

cyte. 2016 Jul 2;5(3):270-4. 

13. Taylor EB. The complex role of adipokines 

in obesity, inflammation, and autoimmun-

ity. Clinical Science. 2021 Mar;135(6):731-

52. 

14. Reinehr T, Karges B, Meissner T, Wiegand 

S, Stoffel-Wagner B, Holl RW, Woelfle J. 

Inflammatory markers in obese adolescents 

with type 2 diabetes and their relationship 

to hepatokines and adipokines. The Journal 

of Pediatrics. 2016 Jun 1;173:131-5. 

15. Ullah A, Singla RK, Batool Z, Cao D, Shen 

B. Pro-and anti-inflammatory cytokines are 

the game-changers in childhood obesity-as-

sociated metabolic disorders (diabetes and 

non-alcoholic fatty liver diseases). Reviews 

in Endocrine and Metabolic Disorders. 

2024 Aug;25(4):783-803. 

16. Fatima N, Faisal SM, Zubair S, Ajmal M, 

Siddiqui SS, Moin S, Owais M. Role of pro-

inflammatory cytokines and biochemical 

markers in the pathogenesis of type 1 dia-

betes: correlation with age and glycemic 

condition in diabetic human subjects. PloS 

one. 2016 Aug 30;11(8):e0161548. 

17. Zhao X, Gang X, Liu Y, Sun C, Han Q, 

Wang G. Using metabolomic profiles as bi-

omarkers for insulin resistance in childhood 

obesity: a systematic review. Journal of Di-

abetes Research. 2016;2016(1):8160545. 

18. Alqahtani AA, Alzidany AM, Alenazi SM, 

Dhifallah T, Alotaibi BJ. Long-term com-

plications of poor glycemic control in dia-

betic patients. EC MICROBIOLOGY. 

2020;2:1-7. 

19. Chang SC, Yang WC. Hyperglycemia, tu-

morigenesis, and chronic inflammation. 

Critical reviews in oncology/hematology. 

2016 Dec 1;108:146-53.. 

20. Vijayakumar P, Nelson RG, Hanson RL, 

Knowler WC, Sinha M. HbA1c and the pre-

diction of type 2 diabetes in children and 

adults. Diabetes care. 2017 Jan 1;40(1):16-

21. 

21. Ibfelt EH, Wibaek R, Vistisen D, Andersen 

GS, Jørgensen ME, Hulman A, Dabelea D, 

Birkebaek NH, Svensson J, Rønn PF. Tra-

jectory and predictors of HbA1c in children 

and adolescents with type 1 diabetes—a 

Danish nationwide cohort study. Pediatric 

Diabetes. 2022 Sep;23(6):721-8. 

22. Amor AJ, Castelblanco E, Hernández M, 

Giménez M, Granado-Casas M, Blanco J, 

Soldevila B, Esmatjes E, Conget I, Alonso 

N, Ortega E. Advanced lipoprotein profile 

disturbances in type 1 diabetes mellitus: a 

focus on LDL particles. Cardiovascular di-

abetology. 2020 Aug 9;19(1):126. 



                        

 

 
The journal is licensed under a Attribution 4.0 International (CC BY 4.0). 

 

Page | 111 

 

AIMCJ.(2026),3;(1):100-111 
https://doi.org/10.58564/AIMCJ3.1.2026.258 

Association of Adipokines and Pro-Inflam-

matory Cytokines with Glycemic Control in 

Pediatric Type 1 Diabetes 

23. Salardi S, Maltoni G, Zucchini S, Iafusco 

D, Zanfardino A, Confetto S, Toni S, Ziou-

tas M, Marigliano M, Cauvin V, Franceschi 

R. Whole lipid profile and not only HDL 

cholesterol is impaired in children with co-

existing type 1 diabetes and untreated celiac 

disease. Acta Diabetologica. 2017 

Oct;54(10):889-94. 

24. Melin EO, Thulesius HO, Hillman M, 

Svensson R, Landin-Olsson M, Thunander 

M. Lower HDL-cholesterol, a known 

marker of cardiovascular risk, was associ-

ated with depression in type 1 diabetes: a 

cross-sectional study. Lipids in health and 

disease. 2019 Mar 18;18(1):65. 

25. Rathsman B, Haas J, Persson M, Ludvigs-

son J, Svensson AM, Lind M, Andersson 

Franko M, Nyström T. LDL cholesterol 

level as a risk factor for retinopathy and 

nephropathy in children and adults with 

type 1 diabetes mellitus: a nationwide co-

hort study. Journal of Internal Medicine. 

2021 Jun;289(6):873-86. 

26. Cura–Esquivel I, Perales-Quintana MM, 

Torres-González L, Guzmán-Avilán K, 

Muñoz-Espinosa L, Cordero-Pérez P. Met-

abolic, inflammatory and adipokine differ-

ences on overweight/obese children with 

and without metabolic syndrome: A cross-

sectional study. PLoS One. 2023 Mar 

15;18(3):e0281381. 

27. Wolf RM, Jaffe AE, Rodriguez S, Lei X, 

Sarver DC, Straub AT, Wong GW, Magge 

SN. Altered adipokines in obese adoles-

cents: a cross-sectional and longitudinal 

analysis across the spectrum of glycemia. 

American Journal of Physiology-Endocri-

nology and Metabolism. 2021 Jun 

1;320(6):E1044-52. 

28. Mărginean CO, Meliț LE, Huțanu A, Ghiga 

DV, Săsăran MO. The adipokines and in-

flammatory status in the era of pediatric 

obesity. Cytokine. 2020 Feb 1;126:154925. 

29. Cabrera SM, Henschel AM, Hessner MJ. 

Innate inflammation in type 1 diabetes. 

Translational Research. 2016 Jan 

1;167(1):214-27. 

30. Clark M, Kroger CJ, Tisch RM. Type 1 di-

abetes: a chronic anti-self-inflammatory re-

sponse. Frontiers in immunology. 2017 Dec 

22;8:1898.. 

31. Bennett JM, Reeves G, Billman GE, Sturm-

berg JP. Inflammation–nature's way to effi-

ciently respond to all types of challenges: 

implications for understanding and manag-

ing "the epidemic" of chronic diseases. 

Frontiers in medicine. 2018 Nov 27;5:316. 

32. Krhač M, Lovrenčić MV. Update on bi-

omarkers of glycemic control. World jour-

nal of diabetes. 2019 Jan 15;10(1):1. 

33. Lazar S, Reurean-Pintilei DV, Ionita I, Av-

ram VF, Herascu A, Timar B. Glycemic 

variability and its association with tradi-

tional glycemic control biomarkers in pa-

tients with type 1 diabetes: a cross-sec-

tional, multicenter study. Journal of Clini-

cal Medicine. 2025 Apr 2;14(7):2434. 

 


