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Abstract 

Introduction: Type 2 diabetes mellitus (T2DM) is a 

heterogeneous metabolic disorder characterised by 

chronic hyperglycaemia resulting from defects in 

insulin secretion, insulin action, or both, leading to 

long-term damage of multiple organ systems, 

including the kidneys, retina, nervous system, heart, 

and blood vessels. Interleukin-39 (IL-39) is a novel 

heterodimeric member of the IL-12 cytokine family 

that may participate in the pathogenesis of human 

inflammatory disorders. Because T2DM is 

characterised by chronic low-grade inflammation, IL-

39 may be a relevant cytokine whose pathogenic 

involvement in the disease warrants investigation. 

Objective: The present study aimed to evaluate the 

role of serum interleukin-39 in patients with type 2 

diabetes mellitus. Materials and Methods: A case-

control study was conducted in which serum IL-39 

levels were measured in 45 patients with type 2 

diabetes mellitus (T2DM) and 45 age- and sex-

matched healthy controls. Biochemical measurements 

included fasting plasma glucose (FPG), glycosylated 

haemoglobin (HbA1c), total cholesterol, triglycerides, 

high-density lipoprotein (HDL), and low-density 

lipoprotein (LDL), measured using spectrophotometric 

enzymatic colorimetric methods. Serum IL-39 was 

quantified using an enzyme-linked immunosorbent  

 

assay (ELISA) kit. Results: The mean serum IL-39 

level was significantly higher in patients than in 

controls (11.21 ± 2.38 ng/mL vs. 7.42 ± 1.76 ng/mL; 

p < 0.001). Serum IL-39 showed a significant positive 

correlation with FPG (r = 0.298, P = 0.005), HbA1c (r 

= 0.499, p < 0.001), and body-mass index, and a 

significant negative correlation with HDL (r = –0.367, 

p < 0.001). Receiver-operating-characteristic (ROC) 

curve analysis of serum IL-39 yielded a cut-off value 

of 8.975 ng/mL, an area under the curve of 0.904, 

sensitivity of 0.844, specificity of 0.820, and p < 

0.001. Conclusion: Serum IL-39 levels were 

significantly elevated in patients with T2DM and 

correlated positively with markers of glycaemic 

control. ROC analysis demonstrated excellent 

diagnostic performance of IL-39 in distinguishing 

T2DM patients from healthy controls. These findings 

suggest that IL-39 may serve as a potential novel 

biomarker for T2DM. 

 

Keywords: Interleukin-39; Type 2 diabetes mellitus; 

HbA1c; Inflammation; Biomarker; Case-control study. 
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Graphical Abstract  

 
Graphical Abstract. Summary of the study design and main 

findings. Serum IL-39 was measured in 45 patients with type 

2 diabetes mellitus (T2DM) and 45 age- and sex-matched 

healthy controls. IL-39 was significantly elevated in T2DM 

patients (P < 0.001) and showed excellent diagnostic 

performance (AUC = 0.904), correlating positively with FPG, 

HbA1c and BMI, and negatively with HDL. Source: Own 

authorship.  

  

Introduction  

Diabetes mellitus is one of the most prevalent 

non-communicable diseases worldwide and is 

recognised as a chronic endocrine and metabolic 

disorder. According to the International Diabetes 

Federation, an estimated 589 million adults aged 20–

79 years were living with diabetes in 2024, with this 

number projected to rise to 853 million by 2050 [1]. 

Diabetes results from insufficient or ineffective insulin 

produced by the pancreatic β-cells, and the resulting 

chronic hyperglycaemia leads to damage of multiple 

organ systems, particularly the heart, blood vessels, 

kidneys, eyes, and nerves [2].  

Diabetes is classified into several types, including 

type 1 diabetes mellitus (T1DM) and type 2 diabetes 

mellitus (T2DM). Type 1 diabetes is an autoimmune 

disorder characterised by a local inflammatory process 

in the pancreatic islets leading to selective destruction 

of insulin-producing β-cells, whereas T2DM is 

characterised by peripheral insulin resistance and 

relative insulin deficiency due to progressive β-cell 

dysfunction [2]. The pathophysiology of T2DM 

involves diminished insulin biosynthesis, reduced 

glucose uptake in liver, muscle, and adipose tissue, 

increased lipolysis, and hyperglycaemia [3].  

Chronic low-grade inflammation has emerged as 

a key pathogenic feature of T2DM. Hyperglycaemia-

induced oxidative stress, dysregulated immune 

responses, and elevated pro-inflammatory cytokines 

such as tumour-necrosis-factor-α (TNF-α), interleukin-

6 (IL-6), and interleukin-1β (IL-1β) contribute to 

insulin resistance, β-cell dysfunction, and the 

development of diabetic complications [4]. 

Investigation of novel inflammatory cytokines may 

therefore provide further insight into the pathogenesis 

of T2DM and identify new biomarkers for disease 

diagnosis and risk stratification.  

Interleukin-39 (IL-39) is a recently identified 

heterodimeric member of the IL-12 cytokine family, 

consisting of the Ebi3 and IL-23p19 subunits [5]. IL-

39 is mainly secreted by B cells stimulated with 

lipopolysaccharide (LPS), and its mRNA has also been 

detected in other immune cells, including 

macrophages and dendritic cells [6]. The biological 

functions and the very existence of bioactive IL-39 in 

humans remain areas of active investigation, with 

some studies questioning its expression in human 

immune cells [7], while others have reported 

measurable levels of IL-39 in human serum across 

several disease conditions.  

Elevated serum IL-39 has been observed in 

patients with ST-segment-elevation myocardial 

infarction, in whom IL-39 was suggested as a marker 

of left-ventricular systolic dysfunction [8], and in 

patients with neuromyelitis-optica spectrum disorders, 

in whom IL-39 correlated with disease severity [9]. 

Furthermore, IL-39 has been shown to exacerbate 

concanavalin-A–induced hepatitis [10]. Together, 

these findings indicate that IL-39 may participate in 

the pathogenesis of several human inflammatory 

diseases.  

Limited but emerging evidence supports the 

involvement of IL-39 in T2DM. A recent casecontrol 

study from Iraq reported that serum IL-39 was 

significantly elevated in patients with T2DM compared 

with controls and demonstrated excellent diagnostic 

performance [11]. Increased IL-39 levels have also 

been detected in the gingival crevicular fluid of 

diabetic patients with generalised periodontitis [12], 

suggesting that IL-39 may participate in the 

inflammatory burden associated with diabetic 

complications. Nevertheless, the evidence remains 

scarce, and the role of IL-39 as a circulating 

biomarker for T2DM requires confirmation in 

independent populations [13].  

Based on the above considerations, the present 

study aimed to evaluate the levels of serum 

interleukin-39 in patients with type 2 diabetes 

mellitus, to compare them with those of age- and sex-

matched healthy controls, and to assess the 

associations of IL-39 with clinical and biochemical 

parameters of T2DM, as well as its diagnostic 

performance as a potential biomarker for the disease. 
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Materials and Methods  

Study design and population  

A case-control study was conducted from 15 April 

2023 to 15 August 2024 at the Diabetes Centre of Al-

Sadr Medical City, Al-Najaf Governorate, Iraq. Two 

groups were enrolled: forty-five patients with type 2 

diabetes mellitus (T2DM; mean age 53.49 ± 6.83 

years, range 38–64 years) and forty-five age- and 

sex-matched apparently healthy volunteers (mean 

age 51.60 ± 5.07 years, range 36–64 years; 25 

males, 20 females). The diagnosis of T2DM was 

established according to the criteria of the American 

Diabetes Association: FPG ≥ 126 mg/dL and/or HbA1c 

≥ 6.5 % [14]. Healthy controls were apparently 

healthy blood donors and hospital staff without 

symptoms or signs of diabetes, with normal random 

blood glucose (80 ± 6 mg/dL) and HbA1c (5.4 ± 0.4 

%). Exclusion criteria were type 1 diabetes mellitus, 

gestational diabetes, established diabetic 

complications, chronic systemic diseases, 

cardiovascular disease, and malignancy. Written 

informed consent was obtained from all participants.  

 

Ethical Approval  

The study protocol was reviewed and approved 

by the Research Ethics Committee of the Faculty of 

Pharmacy, University of Kufa, Al-Najaf, Iraq and was 

conducted in accordance with the principles of the 

Declaration of Helsinki. Written informed consent was 

obtained from every participant before enrolment, 

and all data were anonymised prior to analysis.  

 

Sample size justification  

The required sample size was calculated using 

G*Power version 3.1 software, assuming a two-tailed 

independent-samples t-test with a significance level 

(α) of 0.05, statistical power (1 – β) of 0.80, and an 

anticipated medium-to-large effect size (Cohen's d) of 

0.60, based on previously reported effect sizes for 

circulating cytokine biomarkers in T2DM [11,15]. 

This calculation indicated that a minimum of 90 

participants (45 per group) was required. The 

observed standardised mean difference for serum IL-

39 in the current study (Cohen's d ≈ 1.81) confirmed 

that the achieved post-hoc statistical power exceeded 

0.99 for the observed between-group difference, 

thereby supporting the adequacy of the sample size 

for the present analysis [15].  

 

Anthropometric and biochemical 

measurements  

Body-mass index (BMI) was calculated as body 

weight in kilograms divided by the square of height in 

metres (kg/m2). Participants were classified according 

to the World Health Organization criteria as normal 

weight (18.5–24.9 kg/m2), overweight (25.0–29.9 

kg/m2), or obese (≥ 30 kg/m2) [16]. Biochemical 

parameters — FPG, HbA1c, total cholesterol, 

triglycerides, HDL-cholesterol, and LDL-cholesterol — 

were measured on an automated Cobas c311 analyser 

(Roche Diagnostics, Mannheim, Germany) using 

assay-specific reagents and spectrophotometric 

enzymatic colorimetric methods.  

Serum IL-39 concentrations were quantified by 

an enzyme-linked immunosorbent assay (ELISA) kit 

(catalogue No. MBS4504; MyBioSource Inc., San 

Diego, CA, USA) according to the manufacturer's 

instructions. After an overnight fast of 8–10 hours, 5 

mL of venous blood was drawn into plain tubes, 

allowed to clot at room temperature (20–25 °C) for at 

least 30 minutes, and centrifuged at 1000 × g for 15 

minutes. The separated serum was aliquoted and 

stored at –20 °C until analysis.  

  

Statistical analysis  

Statistical analyses were performed using IBM 

SPSS Statistics version 25.0 (IBM Corp., Armonk, NY, 

USA). Categorical variables were presented as 

frequencies and percentages, and differences were 

examined using the Pearson chi-square test. The 

normality of continuous variables was assessed by the 

Shapiro–Wilk and Kolmogorov–Smirnov tests. 

Normally distributed data were expressed as mean ± 

standard deviation (SD), and differences between 

groups were tested by the independent-samples t-test 

or one-way analysis of variance. Non-normally 

distributed variables were presented as median and 

interquartile range and compared by the Mann–

Whitney U-test or the Kruskal–Wallis test. Correlations 

between IL-39 and clinical variables were examined 

using the Pearson correlation coefficient. To evaluate 

the diagnostic value of serum IL-39 for T2DM, 

receiver-operating-characteristic (ROC) curve analysis 

was performed. A two-tailed P-value < 0.05 was 

considered statistically significant [15].  

 

Results  

Baseline clinical and demographic 

characteristics  

The baseline demographic and clinical 

characteristics of the study participants are 

summarised in Table 1 and Figure 1. The mean BMI of 

patients with T2DM was 29.60 ± 5.05 kg/m2, above 

the normal-weight range, and the majority of patients 

were classified as overweight or obese. The mean ages 

of the patient and control groups were comparable 
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(53.49 ± 6.83 vs. 51.60 ± 5.07 years; P = 0.140). As 

expected, the patient group had significantly higher 

levels of FPG (210.56 ± 90.38 mg/dL vs. 95.89 ± 2.99 

mg/dL; P < 0.001) and HbA1c (9.24 ± 2.20 % vs. 5.55 

± 2.27 %; P < 0.001), and significantly lower HDL 

(31.04 ± 10.72 mg/dL vs. 47.47 ± 11.07 mg/dL; P < 

0.001). The mean serum IL-39 concentration was 

significantly higher in the patient group than in the 

control group (11.21 ± 2.38 ng/mL vs. 7.42 ± 1.76 

ng/mL; P < 0.001) (Figure 2).  

  

Table 1. Baseline clinical and demographic 

characteristics of the healthy controls and patients with 

type 2 diabetes mellitus.  

Parameter 

Healthy controls 

(n = 45) 

Mean ± SD 

T2DM patients 

(n = 45) 

Mean ± SD 

p-value 

Age (years) 51.60 ± 5.07 53.49 ± 6.83 0.140 

BMI (kg/m²) 23.28 ± 0.69 29.60 ± 5.05 < 0.001 

FPG (mg/dL) 95.89 ± 2.99 210.56 ± 90.38 < 0.001 

HbA1c (%) 5.55 ± 2.27 9.24 ± 2.20 < 0.001 

HDL (mg/dL) 47.47 ± 11.07 31.04 ± 10.72 < 0.001 

TG (mg/dL) 156.22 ± 99.68 213.38 ± 131.33 0.022 

Total cholesterol 

(mg/dL) 
142.98 ± 39.02 153.12 ± 48.43 0.289 

LDL (mg/dL) 64.27 ± 40.71 79.46 ± 54.03 0.136 

VLDL (mg/dL) 31.24 ± 19.94 42.68 ± 26.27 0.022 

IL-39 (ng/mL) 7.42 ± 1.76 11.21 ± 2.38 < 0.001 

Abbreviations: BMI, body-mass index; FPG, fasting plasma 

glucose; HbA1c, glycosylated haemoglobin; HDL, high-

density lipoprotein; IL-39, interleukin-39; LDL, low-density 

lipoprotein; SD, standard deviation; T2DM, type 2 diabetes 

mellitus; TG, triglycerides; VLDL, very-low-density 

lipoprotein. P-values were obtained from the independent-

samples t-test or the Pearson chi-square test, as appropriate. 

Source: Own authorship.  

  

  
Figure 1. Comparison of baseline clinical and demographic 

characteristics between healthy controls (n = 45) and 

patients with T2DM (n = 45). Bars represent mean values; 

error bars represent the standard deviation. P-values were 

obtained from the independent-samples t-test. Significant 

differences (p < 0.001) were observed for BMI, FPG, HbA1c, 

HDL, and IL-39, while age did not differ significantly between 

groups (p = 0.140). Source: Own authorship.  

  

  

  
Figure 2. Box-and-whisker plot of serum IL-39 levels in T2DM 

patients (n = 45) and healthy controls (n = 45). The 

horizontal line within each box indicates the median; the 

diamond marker indicates the mean; the whiskers extend to 

the minimum and maximum values within 1.5 × IQR; open 

circles represent outliers; individual data points are shown 

with jitter. Serum IL-39 was significantly elevated in T2DM 

patients compared with healthy controls (11.21 ± 2.38 vs. 

7.42 ± 1.76 ng/mL; *** p < 0.001). Source: Own 

authorship.  

  

Correlation of serum IL-39 with clinical 

parameters  

Pearson correlation analysis revealed that serum 

IL-39 was significantly and positively correlated with 

FPG (r = 0.298, P = 0.005), HbA1c (r = 0.499, p < 

0.001), total cholesterol (r = 0.229, p = 0.031), and 

LDL (r = 0.282, p = 0.007). A significant negative 

correlation was observed between serum IL-39 and 

HDL (r = –0.367, p < 0.001). Correlations of serum IL-

39 with age, BMI, triglycerides, and VLDL did not reach 

statistical significance (Table 2 and Figure 3).  

 

Table 2. Pearson correlation coefficients between serum 

IL-39 and clinical parameters in patients with T2DM.  

Parameter  Correlation coefficient (r)  p-value  

Age (years)  0.076  0.476  

BMI (kg/m²)  0.139  0.192  

FPG (mg/dL)  0.298**  0.005  

HbA1c (%)  0.499**  < 0.001  

HDL (mg/dL)  –0.367**  < 0.001  

TG (mg/dL)  0.066  0.542  

Total cholesterol (mg/dL)  0.229*  0.031  

LDL (mg/dL)  0.282**  0.007  

VLDL (mg/dL)  0.066  0.542  

* p < 0.05; ** P < 0.01. Abbreviations as in Table 1. Source: 

Own authorship.  
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Figure 3. Scatter plots with linear-regression fits showing the 

correlations of serum IL-39 with (A) fasting plasma glucose 

(FPG; r = 0.298, P = 0.005), (B) glycosylated haemoglobin 

(HbA1c; r = 0.499, P < 0.001), and (C) high-density-

lipoprotein cholesterol (HDL; r = –0.367, P < 0.001) in 

patients with T2DM. The solid line in each panel represents 

the best linear fit. Source: Own authorship.  

  

Diagnostic performance of serum IL-39  

Receiver-operating-characteristic (ROC) curve 

analysis was conducted to assess the diagnostic 

performance of serum IL-39 in distinguishing patients 

with T2DM from healthy controls. As shown in Table 3 

and Figure 4, the area under the curve (AUC) was 

0.904 (95 % CI: 0.845–0.964), with a cut-off value of 

8.975 ng/mL, a sensitivity of 0.844, and a specificity of 

0.820 (P < 0.001). These results indicate that serum 

IL-39 has excellent diagnostic accuracy for 

distinguishing T2DM patients from healthy controls.  

 

Table 3. Diagnostic performance of serum IL-39 by 

ROC curve analysis (patients vs. controls).  
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IL-39 

(ng/mL) 
8.975 0.844 0.820 0.904 

0.845 – 

0.964 

< 

0.001 

AUC, area under the curve; CI, confidence interval; IL-39, 

interleukin-39. Source: Own authorship.  

  

 Figure 4. Receiver-operating-characteristic (ROC) curve of 

serum IL-39 for discriminating patients with T2DM from 

healthy controls. The area under the curve was 0.904 (95 % 

CI: 0.845–0.964); the optimal cut-off value of 8.975 ng/mL 

provided a sensitivity of 0.844 and a specificity of 0.820 (p < 

0.001). The blue marker on the curve indicates the position 

of the optimal cut-off; the dashed grey line represents the 

reference (chance) line. Source: Own authorship.  

  

Discussion  

The present study evaluated serum levels of 

interleukin-39 in patients with type 2 diabetes mellitus 

and in age- and sex-matched healthy controls. The 

majority of the patients enrolled in this study had a 

fasting blood glucose above 126 mg/dL and HbA1c 

above 6.5 %, consistent with the diagnostic criteria of 

the American Diabetes Association [14]. Most of the 

patients were classified as overweight or obese, in 

agreement with previous reports indicating that obesity 

is one of the major risk factors for the development of 

T2DM [17].  

Obesity is now recognised as a chronic, low-grade 

inflammatory state in which adipose-tissue 

macrophages, predominantly pro-inflammatory M1-

polarised cells, secrete elevated levels of pro-

inflammatory cytokines such as TNF-α, IL-6, and IL-1β. 

These cytokines impair insulin-receptor signalling, 

reduce GLUT-4 translocation, and promote systemic 

insulin resistance, providing a mechanistic link between 

adiposity and T2DM [18,19]. Pro-inflammatory 

cytokines have also been shown to predict the 

incidence of diabetic peripheral neuropathy and other 

diabetic complications [20,21], emphasising the 

central role of inflammation in the natural history of 

the disease.  

In the present study, serum IL-39 was 

significantly elevated in patients with T2DM compared 

with healthy controls and showed significant positive 

correlations with FPG, HbA1c, LDL-cholesterol, and 

total cholesterol, and a significant negative correlation 

with HDL-cholesterol. These findings are consistent 

with those of Nussrat and Ad'hiah, who reported that 

serum IL-39 was markedly elevated in 106 patients 

with T2DM compared with 109 controls, and that IL-39 

showed excellent diagnostic performance for T2DM 

(AUC = 0.973) and was positively correlated with body-

mass index [11]. Hassan and colleagues likewise 

demonstrated elevated IL-39 levels in the gingival 

crevicular fluid of diabetic patients with generalised 

periodontitis, suggesting a role for IL-39 in the 

inflammatory complications of diabetes [12]. 

Together, these observations support a pathogenic role 

for IL-39 in the chronic inflammatory environment 

characteristic of T2DM.  

Mechanistically, IL-39 — a heterodimer of Ebi3 

and IL-23p19 — signals through the IL-23R/gp130 

receptor complex and activates the STAT1/STAT3 

pathway [5,6]. This pathway has been implicated in T-
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cell pathogenicity in graft-versus-host disease [22] 

and in the regulation of inflammatory responses in 

lupus-like animal models [6]. The exact source of 

circulating IL-39 in human T2DM has not yet been 

established, but it is plausible that activated B cells, 

macrophages, and adipose-tissue immune cells 

contribute to its production in the context of metabolic 

inflammation. The positive correlation between IL-39 

and HbA1c observed in the present study supports the 

hypothesis that IL-39 expression is modulated by 

chronic glycaemic stress, while the negative correlation 

with HDL is consistent with the inflammatory-cytokine 

profile typically observed in dyslipidaemic patients with 

T2DM [19].  

ROC curve analysis demonstrated that serum IL-

39 has excellent ability to discriminate patients with 

T2DM from healthy controls (AUC = 0.904, sensitivity 

= 0.844, specificity = 0.820 at a cut-off of 8.975 

ng/mL). The AUC obtained in this study is somewhat 

lower than that reported by Nussrat and Ad'hiah (AUC 

= 0.973) [11], which may reflect differences in study 

populations, ELISA kits, or analytical calibration. 

Nevertheless, the consistent direction of effect across 

two independent Iraqi cohorts reinforces IL-39 as a 

candidate biomarker for T2DM and warrants further 

investigation in multi-centre, multi-ethnic studies.  

A family history of diabetes is a well-established 

risk factor for T2DM; individuals with parents or 

siblings affected by the disease have a markedly 

increased risk of developing T2DM [23,24]. Whether 

genetic predisposition modulates IL-39 expression in 

T2DM remains to be determined, and future studies 

should also investigate the relationship between IL-39 

and other immune-metabolic markers, such as 

adipokines, TNF-α, and IL-6, in larger, prospectively 

followed cohorts.  

 

Limitations  

Several limitations of the present study should be 

acknowledged. First, this was a single-centre, case-

control study conducted at the Diabetes Centre of Al-

Sadr Medical City in Al-Najaf, Iraq, and the relatively 

limited sample size (45 patients and 45 controls) may 

restrict the generalisability of the findings to other 

populations and ethnicities. Second, the cross-sectional 

design precludes inferences about causality between 

elevated serum IL-39 levels and the development or 

progression of T2DM. Third, serum IL-39 was 

measured at a single time-point, and intra-individual 

variability over time was not assessed. Fourth, 

important potential confounders — including the 

duration of diabetes, specific antidiabetic medications, 

dietary habits, smoking status, and other circulating 

inflammatory mediators (e.g., TNF-α, IL-6, hs-CRP) — 

were not included in the analysis. Fifth, the question of 

whether bioactive IL-39 is expressed in human immune 

cells remains an open scientific debate, and the 

analytical performance of commercial ELISA kits for 

human IL-39 still requires further independent 

validation. Finally, follow-up data are not available, and 

prospective longitudinal studies will be required to 

clarify whether IL-39 can serve as a prognostic 

biomarker for T2DM and its complications.  

 

Conclusion  

In summary, serum IL-39 levels were significantly 

elevated in patients with T2DM compared with healthy 

controls and were significantly correlated with fasting 

plasma glucose, HbA1c, and lipid parameters. ROC 

curve analysis demonstrated that serum IL-39 has 

excellent diagnostic performance in distinguishing 

T2DM patients from healthy controls (AUC = 0.904). 

These findings support the inclusion of IL-39 among 

the panel of inflammatory cytokines under investigation 

as candidate biomarkers for T2DM. Larger, multi-

centre, prospective studies are warranted to confirm 

these findings and to evaluate the prognostic value of 

IL-39 for diabetic complications.  
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