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Abstract 

Background: Type 2 diabetes mellitus (T2DM) is a growing global health burden strongly associated with obesity 
and lifestyle changes. Inflammatory cytokines, particularly from the interleukin-10 (IL-10) family, are increasingly 
implicated in the pathogenesis of T2DM. This study assessed circulating IL-10, IL-19, and IL-22 levels in T2DM pa-
tients across obesity categories in southern Saudi Arabia. Materials and methods: A total of 320 T2DM patients 
and 196 healthy controls were enrolled. All participants were classified by body mass index (BMI) as normal 
weight, overweight or obese (class I, class II or class III). Anthropometric and biochemical parameters were re-
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corded, and serum IL-10, IL-19, and IL-22 levels were measured using standardized immunoassays. Results: IL-10 
levels were significantly reduced in normal weight and overweight T2DM patients of both sexes (p < 0.001) and 
remained lower in obesity class I (p < 0.01) and class III (p < 0.05). IL-19 levels were markedly elevated in obesity 
class I and class III across sexes (p < 0.001). IL-22 concentrations increased progressively with BMI, with significant 
elevations in obesity class I and class III groups. Conclusions: Reduced IL-10 showed a strong association with 
T2DM, while higher levels in obese females suggest a possible sex-related protective effect. IL-19 was consistently 
associated with T2DM, whereas IL-22 correlated more closely with obesity severity.
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    Introduction

Type 2 diabetes mellitus (T2DM) is a  major global pub-
lic health challenge, particularly in developing regions, driv-
en by rapid urbanization, sedentary lifestyles, and increased 
consumption of calorie-dense diets [1-5]. According to the 
International Diabetes Federation (IDF), the global number of 
individuals with diabetes is projected to reach approximately 
852.5 million (13% of the population) by 2045 [6]. A marked 
rise in prevalence has also been observed in China and oth-
er developing nations [7]. Saudi Arabia is among the top 10 
countries with the highest diabetes prevalence in the world 
among individuals 20-79 years of age, with approximately 
5.3 million cases in 2024 and projections of 9.5 million by 
2050 [8]. Diabetes is a  leading cause of morbidity and mor-
tality, conferring a two- to three-fold increased risk of death  
[1-2]. Approximately 95% of cases are T2DM, characterized by 
chronic hyperglycemia resulting from impaired insulin secre-
tion, insulin resistance, or both [8-9]. T2DM prevalence varies 
across populations, with higher susceptibility reported among 
Asian, Hispanic, Native American, and Black populations  
[9-13]. 

T2DM arises from complex interactions between genetic 
predisposition, environmental influences, obesity, and socio-
economic factors [14-15]. Genome-wide association studies 
have identified multiple loci associated with T2DM risk, pri-
marily affecting β-cell function and insulin secretion [14-15]. 
Acute complications include diabetic ketoacidosis and hyper-
osmolar hyperglycemic state, whereas chronic complications 

include nephropathy, retinopathy, neuropathy, and cardiovas-
cular disease [16]. Notably, approximately 90% of individuals 
with T2DM are overweight or obese, emphasizing obesity as 
a key modifiable risk factor [17-18].

Emerging evidence highlights the role of chronic low-
grade inflammation, adipokine imbalance, gut microbiota 
alterations, and immune dysregulation in T2DM pathogene-
sis [3, 14]. Periodontal disease has also been associated with 
T2DM, although the bidirectional relationship remains incom-
pletely understood [19]. Several cytokines, particularly mem-
bers of the interleukin (IL)-10 family, have been implicated in 
metabolic inflammation [14, 20-21]. These cytokines share 
structural homology and are produced by immune cells as 
well as adipose tissue, linking immune signaling with meta-
bolic regulation [22-23].

IL-10 is a key anti-inflammatory cytokine that regulates in-
flammatory mediators including IL-19 and IL-22, and reduced 
circulating levels have been reported in obesity, metabolic 
syndrome, and T2DM [21-22]. IL-19, produced mainly by ac-
tivated B cells and monocytes, can induce IL-10 production 
and modulate Th2 responses implicated in inflammatory and 
cardiovascular diseases [24-29]. It also exhibits angiogenic ef-
fects, although its role in T2DM remains incompletely defined 
[29-31]. IL-22, secreted by CD4+ T helper subsets and innate 
lymphoid cells, demonstrates functional divergence from IL-
10 despite structural homology. 

This purpose of this study was to investigate the associ-
ation between selected members of the IL-10 family, name-
ly IL-10, IL-19, and IL-22 and the etiopathogenesis of T2DM 
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across the degrees of obesity among the patients from the 
Asir (southern) region of Saudi Arabia. The study further ex-
amined correlations between obesity severity and IL levels to 
elucidate potential links between adiposity, metabolic con-
trol, and inflammatory-immune profiles in T2DM.

    Materials and methods 

 Study design

This was a multi-center study of age-matched T2DM pa-
tients and healthy control participants, carried out in two 
cities (Bisha and Abha) of the Asir province in the southern 
part of Saudi Arabia. The patients and controls were recruited 
between March 2020 and May 2023.

Study group

In this study included only Saudi residents of the Asir re-
gion, particularly in the cities of Bisha and Abha. The study 
had a  total of 348 patients diagnosed T2DM (210 male and 
138 female). All patients were currently undergoing treatment 
with oral hypoglycemic agents and/or insulin. Patients with 
gestational diabetes or other significant chronic diseases (e.g. 
hypertension, cardiovascular diseases, asthma, chronic kidney 
diseases and cancer) were excluded from the study group.

Control group 

A total of 196 healthy people (102 men and 94 women) 
were recruited in the study. All had fasting glucose levels, 
glycated hemoglobin (HbA1c), kidney and liver function tests 
within the reference ranges. Chronic diseases (e.g. hyperten-
sion, cardiovascular diseases, asthma, chronic kidney diseases 
and cancer) were also an exclusion criterion. 

Ethics 

This study was approved by the local RELOC Committee 
of the College of Medicine at the University of Bisha (Ref. 
No. UB-RELOC H-06-BH-087/ (0504 of 23), Dated January 6th, 
2023 extended on March 4th, 2025), in accordance with the 
local guidelines that aligned with the fundamental principles 
of the Helsinki Declaration. Informed written consent was ob-
tained from all participants.

Data collection 

Finally, 320 participants with confirmed T2DM (195 males 
and 125 females) who visited the Diabetic Centre of King Ab-

dullah Hospital (KAH) in Bisha, and at the Asir General Hospi-
tal (AGH) in Abha for regular follow-up and met the inclusion 
criteria were included in the study. T2DM was diagnosed in 
accordance with the WHO guidelines. The classification of 
obesity was based on the degree of obesity as reported ear-
lier [3, 40]. The case histories, age, sex, BMI, blood glucose 
(both fasting and random), glycated hemoglobin, triacylg-
lycerol, high-density lipoprotein-cholesterol and low-density 
lipoprotein-cholesterol levels were analyzed. Standardized 
procedures were used to evaluate the anthropometric and 
biochemical parameters.

Blood specimen collection

All blood samples were collected from the participants at 
the Diabetic Centre of KAH, and at the AGH. Venous blood 
samples were collected in standard sample collection tube 
without the use of any anticoagulants. One aliquot of serum 
(approximately 0.5 mL) was kept at -20 °C until the IL estima-
tion. A second serum aliquot was used for the analysis of bio-
chemical and other parameters on a routine basis.

 Stratification on the basis of BMI 

Height (cm) was recorded using a  wall-mounted scale, 
and weight (kg) was determined with electronic weighing 
scale. The BMI of the patients was calculated using the for-
mula; BMI = weight (kg)/m² (m is height in meters). The pa-
tient cohort was divided into 5 groups: normal weight (BMI 
18.5-24.9), overweight (BMI 25.0-29.9), class I obesity (BMI 
30.0-34.9), class II obesity (BMI 35.0-39.9), class III (severe) 
obesity (BMI ≥ 40.0). 

Biochemical analyses 

The biochemical parameters were analyzed using fully au-
tomatic random access, multi-channel analyzer (Cobas c311, 
Roche Diagnostics, Basel, Switzerland). For these studies we 
utilized commercially available test kits from (Randox Labo-
ratories, Crumlin, Northern Ireland, UK), which included cali-
brators and internal quality control samples provided by the 
manufacturer. The manufacturers’ protocols were followed 
during the analysis of biochemical parameters. 

Estimation of interleukins 

Serum concentrations of IL-10, IL-19, and IL-22 were 
quantified using human ELISA kits from different sources 
and according to the manufacturers’ instructions. IL-10 was 
measured using the Human IL-10 ELISA Kit (Thermo Fish-
er Scientific, Carlsbad, USA, Cat. No. BMS215HS; sensitivity 
0.03 pg/mL), IL-19 using the Human IL-19 ELISA Kit (Abcam 
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Limited, Cambridge, UK; Cat. No. ab231922; sensitivity 0.65 
pg/mL), and IL-22 using the Human IL-22 ELISA Kit (Thermo 
Fisher Scientific, Carlsbad, USA; Cat. No. BMS2047; sensitivity  
5 pg/mL). Absorbance was read using a Bio-Rad Model 680 XR 
microplate reader (Bio-Rad Laboratories, Hercules, USA). All 
samples were analyzed following standardized protocols, and 
cytokine concentrations were expressed in pg/mL. Intra- and 
inter-assay coefficients of variation were < 10% for all meas-
urements.

Statistical analyses 

The Statistical Package for Social Sciences software (SPSS 
v. 20, IBM Corp., Armonk, USA) was used for data analysis. 
Unlike data with a normal distribution, which was expressed 
as the mean ± standard deviation (Shapiro-Wilk test), data 
that were not normally distributed were represented as me-
dians (Q1–Q3) and analyzed by Chi-Square test. For normal-
ly distributed variables with homogeneous variances, the 
significance of differences was determined by the one-way 
analysis of variance with Tukey HSD test. In all other cases 
the Kruskal-Wallis one-way analysis of variance on ranks and 
the multiple comparison post hoc test were used. The p-value 
was considered statistically significant when it was ≤ 0.05.

    Results

Baseline characteristics of male partici-
pants

The biochemical and anthropometric characteristics of 
male T2DM patients and controls are summarized in Table 1. 
Fasting glucose levels were comparable to controls in normal 
weight, overweight, and class I obese T2DM groups but were 
significantly higher in the class III obese group (p < 0.001). 
HbA1c levels were significantly elevated in all T2DM groups 
compared with controls (p < 0.001), with no significant dif-
ferences among patient categories, although relatively higher 
values were observed in the class I obese group.

Total cholesterol (TC) was significantly increased in nor-
mal weight, overweight, and class I obese T2DM groups com-
pared with controls (p < 0.01), while class III obese patients 
exhibited a  greater elevation (p < 0.001). TC levels did not 
differ significantly among the first three T2DM groups. HDL 
levels were not significantly different between patients and 
controls, although a decreasing trend was observed in T2DM 
groups.

LDL levels were similar in controls and normal weight 
T2DM patients but were significantly higher in overweight 
and class I obese groups (p < 0.001). Class III obese patients 

demonstrated significantly higher LDL levels compared with 
both controls and overweight T2DM patients (p < 0.001). Tri-
glyceride levels were significantly elevated in all T2DM groups 
compared with controls (p < 0.01), with the highest levels 
observed in class III obese patients (p < 0.001), which were 
also significantly greater than those in the other T2DM groups  
(p < 0.01).

Male T2DM patients (n = 195) aged 28-69 years were 
categorized according to BMI into normal weight (n = 52; 
21.82 ± 2.08 kg/m²), overweight (n = 46; 27.68 ± 2.32 kg/m²), 
class I obese (n = 48; 35.06 ± 3.22 kg/m²), and class III obese  
(n = 49; 47.68 ± 5.72 kg/m²). Controls (n = 102) had a mean 
BMI of 21.74 ± 1.72 kg/m² (Table 1). WHR did not differ 
significantly between controls and normal weight or over- 
weight T2DM patients but was significantly higher in class 
I and class III obese groups. Class III obese patients showed 
the greatest increase in WHR compared with normal weight 
and overweight groups (p < 0.001), while class I  obese pa-
tients also demonstrated a significant increase (p < 0.01).

BMI did not differ significantly between controls and nor-
mal weight or overweight T2DM patients. However, BMI was 
significantly higher in class I  obese patients compared with 
normal weight and overweight groups (p < 0.001). Class III 
obese patients showed the highest BMI values, significantly 
exceeding those of all other groups, including class I obesity 
(p < 0.01).

Baseline features of the female partici-
pants 

The biochemical and anthropometric characteristics of 
female T2DM patients and controls are summarized in Tab- 
le 2. Fasting plasma glucose levels were significantly higher in 
normal weight, overweight, and class I obese T2DM patients 
compared with controls (p < 0.01), while class III obese group 
showed a more pronounced elevation (p < 0.001). HbA1c lev-
els were significantly increased in all T2DM groups compared 
with controls (p < 0.001), with no significant differences ob-
served among the BMI categories.

Total cholesterol (TC) levels were significantly elevated in 
normal weight and overweight T2DM patients compared with 
controls (p < 0.01), whereas class I and class III obese patients 
exhibited more marked increases (p < 0.001). TC levels in class 
I  and class III obese patients were also significantly higher 
than those in normal weight and overweight T2DM groups 
(p < 0.01). HDL-cholesterol levels showed no significant dif-
ferences between controls and normal weight or overweight 
T2DM patients, although a non-significant decrease was ob-
served in class I and class III obese groups.

LDL-cholesterol levels were comparable between controls 
and normal weight T2DM patients but were significantly in-
creased in class I and class III obese groups (p < 0.001). Class 
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Controls  
(n = 102)

Normal weight 
group (n = 52)

Overweight 
group (n = 46)

Class I obesity 
group (n = 48)

Class III 
(severe) obesity
Group (n = 49)

FSG (mg/dL) 95 (82-115) 117 (91-133) 121 (94-142) 118 (88-148) 125 (102-155) *

HbA1c (g/dL) 5.1 ± 0.82 7.5 ± 0.99* 8.05 ± 1.1* 8.6 ± 1.42*S 7.8 ± 0.82*

TC (mg/dL) 182 (132-216) 208**  
(174-240) 220** (146-238) 218** (147-248) 232* (169-272)

HDL-C  
(mg/dL) 48 (36- 66) 44 (39-58) 47 (41-57) 44 (39-56) 45 (34-55)

LDL-C  
(mg/dL) 96 (85-116) 108 (78-134) 120** (87-142) 1124** (88-150) 138*w (92-165)

TG (mg/dL) 122 (82-138) 134 (92-145) 155 (100-195) 236* (172-262) 244*w (168-290)

Age (years) 45 (29-61) 44 (28-54) 49 (34-60) 48 (35-64) 49 (35-69)

BMI (kg/m²) 21.74 ± 1.72 21.82 ± 2.08 27.68 ± 2.32 35.06 ± 3.22*T 47.68 ± 5.72*WX

WHR 0.85
(0.78-0.94)

0.94
(0.82-0.1.04)

0.95
(0.84-1.08)

1.08**T

(0.96-1.12)
1.16*S

(1.08-1.22)

Controls  
(n = 94)

Normal weight 
group (n = 31)

Overweight 
group (n = 32)

Class I obesity 
group (n = 33)

Class III 
(severe) obesity
Group (n = 29)

FSG (mg/dL) 94 (80-112) 120** (88-142) 116** (90-140) 118** (99-142) 126* (102-155)

HbA1c (g/dL) 4.8 ± 0.48 7.94 ± 1.10* 8.3 ± 1.28* 8.6 ± 1.52*S 8.5 ± 1.06*

TC (mg/dL) 172 (129-216) 196** (152-242) 208** (164-246) 222*T (178-246) 232*T (172-264)

HDL-C (mg/
dL) 55 (44-64) 54 (40-60) 50 (38-58) 45 (34-59) 42 (35-60)

LDL-C (mg/
dL) 106 ± 26.88 98 ± 27.65 118** ± 28.46 116** ± 29.72 136* ± 32.04

TG (mg/dL) 102 (90-128) 126** (102-158) 146** (94-192) 158** (104- 218) 188*wx (112-254)

Age (years) 47 (28-65) 46 (27-64) 48 (27-65) 45 (27-60) 48 (32-68)

BMI (kg/m²) 21.28 ± 1.58 21.44 ± 1.98 28.96 ± 2.12 34.12 ± 2.98*T 46.72 ± 4.96**WX

WHR 0.84
(0.77-0.95)

0.92
(0.80-0.1.03)

0.94
(0.86-1.08)

1.08**T

(0.96-1.14)
1.12*S

(0.98-1.24)

Values for various analytes and anthropometric parameters are presented as mean with ranges in parentheses. The values followed by ± 
sign represent standard deviation.
WHR – waist to hip ratio; BMI – body mass index; FSG – fasting glucose; TC – total cholesterol; HbA1c – glycated hemoglobin; HD – high 
density lipoprotein; LDL – low density lipoprotein; TG – triglycerides
*p < 0.001 vs. control group; **p < 0.01 vs. control group, S p < 0.001 vs. normal weight and overweight groups,  
T p < 0.01 vs. overweight and class I obesity; W p < 0.001 vs. controls and normal weight group; X p < 0.01 vs. class I obesity group

Values for various analytes and anthropometric parameters are presented as mean with ranges in parentheses. The values followed by ± 
sign represent standard deviation.
FSG – fasting plasma glucose; TC – total cholesterol; HbA1c – glycated hemoglobin; HDL – high density lipoprotein; LDL – low density 
lipoprotein; TG – triglycerides; WHR – waist to hip ratio; BMI – body mass index
*p < 0.001 vs. control group; **p < 0.01 vs. control group, S p < 0.001 vs. normal weight and overweight groups, T p < 0.01 vs. normal 
weight and overweight groups; W p < 0.001 vs. controls and normal weight group; X p < 0.01 vs. class I obesity group.

Table 1. Biochemical and anthropometric parameters of males with T2DM (n = 195) and healthy male controls (n = 102)

Table 2. Biochemical and anthropometric parameters of female T2DM patients (n = 125) and the female control group (n = 94)
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III obese patients demonstrated significantly higher LDL levels 
compared with normal weight patients (p < 0.001). Triglycer-
ide (TG) levels were significantly elevated in normal weight, 
overweight, and class III obese T2DM patients compared with 
controls (p < 0.01), with the class III obese group showing 
the highest increase (p < 0.001). TG levels in class III obese 
patients were also significantly higher than those in normal 
weight and class I obese groups (p < 0.01).

Female T2DM patients ranged in age from 27-68 years, 
while controls ranged from 28-65 years. Based on BMI, T2DM 
patients were categorized into 4 groups: normal weight  
(n = 31; BMI 21.44 ± 1.98 kg/m²), overweight (n = 32; BMI 
28.96 ± 2.12 kg/m²), class I obese (n = 33; BMI 34.12 ± 2.98 
kg/m²), and class III obese (n = 29; BMI 46.72 ± 4.96 kg/m²). 
Controls had a mean BMI of 21.28 ± 1.58 kg/m² (Table 2).

WHR was significantly higher in class I obese (p < 0.01) 
and class III obese (p < 0.001) T2DM patients compared with 
controls. Additionally, class III obese patients exhibited sig-
nificantly higher WHR compared with normal weight and 
overweight groups (p < 0.001). BMI did not differ significantly 
between controls and normal weight or overweight T2DM pa-
tients. However, BMI was significantly elevated in class I and 
class III obese groups compared with controls (p < 0.001). 
Class III obese patients demonstrated significantly higher 
BMI than normal weight and overweight groups (p < 0.001), 
as well as higher BMI compared with class I obese patients  
(p < 0.01). Class I  obese patients also showed significantly 
higher BMI than normal weight and overweight groups (p < 
0.01).

Interleukin levels in male participants

Table 3 presents a summary of the blood concentrations 
of IL 10, 19 and 22 and the results are graphically depicted in 
Figure 1. 

Interleukin-10 in male participants 

The average blood IL-10 concentration in the control 
group of healthy males (n = 102) was 18.78 ± 2.21 pg/mL. 
T2DM patients in normal weight and overweight groups 
exhibited significant reductions (p < 0.001) in IL-10 levels, 
measuring 7.89 ± 1.45 and 7.32 ± 1.36 pg/mL, respectively, 
as compared to the control group. T2DM patients in in class 
I and III obesity groups had statistically significant reductions 
in IL-10 levels (11.78 ± 1.87 and 13.56 ± 1.92 pg/mL, respec-
tively) when compared to the control group. The p values for 
these comparisons were < 0.01 and < 0.05, respectively. The 
IL-10 levels of class I and III obesity groups were significantly 
higher than those in normal weight and overweight groups 
(p < 0.05).

Interleukin-19 

The IL-19 level (mean ± SD) in the male controls (n = 102) 
was 72 ± 21.45 pg/mL. Male T2DM patients in in normal 
weight and overweight groups had a statistically significant in-
crease (p < 0.01) in IL-19 concentrations (232 ± 21.45 and 273 
± 29.66 pg/mL) respectively, as compared to controls. T2DM 
patients in class I and III obesity groups displayed very signifi-
cant increases in IL-19 values (310 ± 32.24 and 356 ± 43.64 pg/
mL respectively) in comparison with controls with p values of 
< 0.001 and < 0.001. Patients in class I and III obesity groups 
also had significantly greater IL-19 levels in comparison with 
those in normal weight and overweight groups (p < 0.05).

Interleukin-22 in male participants 

The average serum IL-22 concentration in the male con-
trols (n = 102) was 46 ± 12.48 pg/mL. The T2DM patients with 
normal weight exhibited a slight, albeit statistically insignifi-
cant elevation in IL-22 levels (52 ± 17.45 versus 46 ± 12.48 
pg/mL). Overweight patients also had significant elevation in  
IL-22 levels in comparison to both the control group and nor-
mal weight group (p < 0.05). The levels of IL-22 in class I obesi-
ty group exhibited a statistically significant rise when contrast-
ed with controls, p < 0.01. Class I obesity T2DM patients had 
a notable increase in IL-22 levels in comparison to overweight 
T2DM patients, with p < 0.04. While comparing to both the 
controls and normal weight group, IL-22 levels were consid-
erably greater in patients with class III obesity (p < 0.001).  
Figure 1 presents the cluster charts depicting the levels of se-
rum IL 10 family members in both male control and patient 
groups.

Interleukin-10 in female groups 

Table 4 provides a summary of the serum levels of IL 10, 
19 and 22 in T2DM female patients (n = 125) and 94 individu-
als serving as control subjects. The average serum IL-10 con-
centration in the control group of healthy females was 19.12 
± 2.28 pg/mL, a  value comparable to that observed in the 
control group of males. Normal weight female T2DM patients 
exhibited a  statistically significant reduction (p < 0.001) in  
IL-10 concentrations as compared to the control subjects. The 
female patients in overweight group exhibited a noteworthy 
reduction in IL-10 levels (11.68 ± 1.55 pg/mL) in contrast to 
controls, with p < 0.01. T2DM patients with class I and III obe-
sity showed a slight, albeit statistically insignificant reduction 
in IL-10 levels in comparison with the controls. The results for 
female subjects are summarized in table 4 and are graphically 
illustrated in Figure 2.
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Interleukin-19 in female T2DM patients 

The average blood IL-19 concentration in the female 
control group (n = 94) was 67 ± 17.42 pg/mL. Female T2DM 
normal weight and overweight patients exhibited statistically 
significant increases in IL-19 concentrations (168 ± 26.78 and 
212 ± 28.22 pg/mL, respectively) in comparison to controls 
with p < 0.01. Simultaneously, it was observed that over-
weight T2DM patients exhibited significantly higher IL-19 
levels in comparison to normal weight patients (p < 0.01). Pa-
tients with class I and III obesity exhibited a very significant 
elevation in IL-19 levels (276 ± 35.14 and 288 ± 36.98 pg/
mL, respectively) when contrasted with controls (p < 0.0001).  
In addition, IL-19 levels were significantly higher in class I and 
III obesity groups compared to the normal weight group  
(p < 0.001). 

Interleukin-22 in female T2DM patients 

The average blood IL-22 concentration in the control 
group of healthy females (n = 94) was 44 ± 12.02 pg/mL as 
are presented in Table 4. The patients with normal weight ex-
hibited a small and statistically insignificant rise in IL-22 levels 
(48 ± 14.08 versus 44 ± 12.02 pg/mL). Overweight patients 
with T2DM had a statistically significant (p < 0.01) elevation 
in IL-22 levels in comparison to both the controls and patients 
with normal weight. IL-22 values in patient group with class 
I obesity exhibited a statistically significant rise in comparison 
to the controls, as well as normal weight and overweight pa-
tients, with p values < 0.01, < 0.01, and < 0.04, respectively. 
The IL-22 levels in patients with class III obesity were signifi-
cantly higher than those in the controls (p < 0.001), and also, 
those of normal weight group A (p < 0.001) and overweight 
group p < 0.04). The cluster charts of serum IL concentrations 
in 74 female patients and 41 controls are displayed in Figure 2.

Sex-based comparison of IL levels

Comparative analysis of serum IL levels between male and 
female T2DM patients revealed distinct sex-related patterns 
across BMI categories. IL-10 levels were significantly reduced 
in normal-weight and overweight patients of both sexes com-
pared with controls, however, suppression was more pro-
nounced in males (7.32-7.89 pg/mL) than females (9.23-11.68 
pg/mL). With increasing obesity severity, IL-10 levels showed 
partial restoration, approaching control values more closely 
in females than males. IL-19 concentrations were markedly 
elevated across all BMI categories in both groups, with a sub-
stantially greater increase observed in males (232-356 pg/mL) 
compared to females (168-288 pg/mL). IL-22 levels demon-

 IL-10 (pg/mL)  IL-19 (pg/mL)  IL-22 (pg/mL)

Controls (n = 102) 18.78 ± 2.21  72 ± 21.45 46 ± 12.48

Normal weight group (n = 52) 7.89 ± 1.45* 232 ± 21.45** 52 ± 17.45

Overweight group (n = 46) 7.32 ± 1.36* 273 ± 29.66** 98 ± 26.12***M

Class I obesity group (n = 48) 11.78 ± 1.87**S 310 ± 32.24*S 147 ± 34.65**L

Class III (severe) obesity group (n = 49) 13.56 ± 1.92***T 356 ± 43.64*T 178 ± 38.28*P

Values for various analytes are presented as mean with ranges in parentheses ± standard deviation.
*p < 0.001 vs. control group; ** p < 0.01 vs. control group; *** p < 0.05 vs. control group; Lp < 0.04 vs. overweight group; Sp < 0.05 
compared to normal weight and overweight T2DM patients; Tp < 0.05 compared to normal weight and overweight T2DM patients; M p < 
0.05 compared to controls and normal weight group; N p < 0.01 compared to controls and normal weight group; Pp < 0.001 compared to 
controls and normal weight group.

Table 3: Serum levels of IL 10, 19 and 22 in male T2DM patients (n = 195) and normal controls (n = 102) 

Figure 1. Cluster charts of IL 10, 19 and 22 levels in male contro-
ls and T2DM patients. A represents T2DM patients with normal 
weight; B represents overweight group; C represents class I obe-
seity group and D represents class III obesity group respectively. 

[AHEAD OF PUB][AHEAD OF PUB]



00 Eur J Transl Clin Med 2026;9(1):00-00

strated a  progressive rise with increasing adiposity in both 
sexes. Although both sexes exhibited significant elevations in 
overweight and obese categories, males showed higher lev-
els in most BMI strata, while severely obese females demon-
strated comparable peak values. Overall, male T2DM patients 
exhibited a stronger pro-inflammatory IL profile, whereas fe-
males demonstrated partial preservation of anti-inflammato-
ry IL-10 with increasing adiposity.

IL levels in all T2DM patients (male & fe-
male) vs. controls 

A comparison of the serum levels of ILs 10, 19 and 22 in 
T2DM patients with controls has been summarized in Table 5 
and the results are graphically presented in Figure 3. The av-
erage serum IL-10 concentration in T2DM patients was 12.52 
± 1.84 pg/mL as compared to 18.95 ± 2.25 pg/mL for those 
of controls showing a statistically significant decrease in IL-10 
levels with p < 0.01. The average serum IL-19 concentration in 
T2DM patients was 264.44 ± 34.12 pg/mL in comparison to 

69.50 ± 20.34 pg/mL for those of controls, showing a statis-
tically significant increase in IL-19 levels with p < 0.0001. The 
serum IL-22 level in T2DM patients was 124.68 ± 30.24 pg/mL 
as compared to 45.0 ± 12.42 pg/mL for those of controls, de-
picting a very significant increase in IL-19 levels with p < 0.001. 

    Discussion

To the best of our knowledge, this is the first study to ex-
plore the interplay between obesity-related anthropometric 
measures and IL-10 family cytokines in the context of T2DM in 
the population of the Asir region of Saudi Arabia.

IL-10 levels were comparable between male (n = 102) and 
female (n = 94) controls, in agreement with previous studies 
[21, 23, 32-33]. In contrast, normal-weight T2DM patients 
demonstrated a significant reduction in IL-10, suggesting a di-
minished anti-inflammatory milieu that may contribute to  
disease onset [21, 23, 33]. Among overweight individuals, 
male patients showed a marked decline in IL-10 (p < 0.001), 
while females exhibited a  more modest reduction. The an-
ti-inflammatory role of IL-10 is well-established [21-22, 24], 
and it is often viewed as protective in metabolic disorders, 
although excessively elevated levels may have paradoxical 
effects [22]. Notably, IL-10 levels were significantly reduced 
in class I and III obese males, whereas females in the same 
categories showed comparatively higher levels (p < 0.01). This 
divergence reinforces the role of obesity as an independent 
risk factor and points toward a possible attenuation of anti- 
-inflammatory signaling in males. Similar patterns have been 
described previously [34].

Sex-based differences in cytokine responses are well doc-
umented [35-37]. The relatively higher IL-10 levels observed 
in obese females may be influenced by sex hormones, par-

 IL-10 (pg/mL)  IL-19 (pg/ mL)  IL-22 (pg/ mL)

Controls (n = 94)  19.12 ± 2.28  67 ± 17.42  44 ± 12.02

Normal weight group (n = 31) 9.23 ± 1.52* 168 ± 26.78* 48 ± 14.08

Overweight group (n = 32) 11.68 ± 1.55** 212 ± 28.22*X 112 ± 29.56**S

Class I obesity group (n= 33) 17.46 ± 2.10 276 ± 35.14***Y 165 ± 33.24**SM

Class III (severe) obesity group (n = 29) 18.02 ± 2.14 288 ± 36.98***Y 198 ± 37.82***TN

Table 4. Serum levels of IL 10, 19 and 22 in female T2DM patients (n = 125) and normal controls (n = 94)

Figure 2. Cluster charts of IL 10, 19 and 22 levels in female con-
trols and T2DM patients. A represents normal weight group; B 
represents overweight group; C represents class I obesity group 
and D represents class III obesity group of T2DM patients.

Values for various analytes are presented as mean with ranges in parentheses ± standard deviation.
*p < 0.001 vs. control group; ** p < 0.01 vs. control group; *** p < 0.0001 vs. control group; X p < 0.01 compared to normal weight 
patient group; Y p < 0.001 compared to normal weight patient group; S p < 0.01 compared to controls and normal weight patient group; 
T p < 0.001 compared to normal weight patient group and controls; M p < 0.04 compared to overweight patients; N p < 0.01 compared 
to overweight patient group
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ticularly given the role of adipose tissue in hormone metab-
olism [34, 37-40]. Elevated IL-10 levels in post-menopausal 
women further support this association [34, 40]. These ob-
servations warrant deeper exploration, and comparisons be-
tween pre- and post-menopausal states are being addressed 
in our ongoing work.

The mechanisms underlying elevated IL-10 in obese fe-
male T2DM patients remain incompletely understood but 
may involve transcriptional regulation [34]. It is plausible that 
this reflects a  compensatory anti-inflammatory response, 
however this speculation requires further validation.

IL-19, a  structurally distinct member of the IL-10 family 
with an α-helical configuration [26], has increasingly been 
implicated in metabolic disorders [29, 40]. In our study, IL-19 
levels were significantly altered across all T2DM groups, irre-
spective of sex, consistently with prior reports [29, 40]. Pa-
tients with class I and III obesity exhibited marked elevations 
compared to both controls and normal-weight T2DM individ-
uals (p < 0.001), suggesting a role not only in T2DM but also 
in the gradation of obesity [29, 40]. IL-19 has been associated 
with anti-inflammatory, antiatherogenic, and vasculoprotec-
tive effects, indicating potential clinical relevance [26,41-44]. 
However, these observations need confirmation in larger, 

 IL-10 (pg/mL)  IL-19 (pg/ mL)  IL-22 (pg/ mL)

Controls (n =196) 18.95 ± 2.25 69.50 ± 20.34 45.0 ± 12.42

T2DM patients (n = 320) 12.52 ± 1.84* 264.44 ± 34.12*** 124.68 ± 30.24**

Overweight group (n = 32) 11.68 ± 1.55** 212 ± 28.22*X 112 ± 29.56**S

Table 5. Comparison of serum levels of ILs 10, 19, and 22 of all T2DM patients (males and females combined n = 320) with normal 
controls (= 196)

Figure 3. Cluster charts of IL 10, 19 and 22 levels in combined 
controls(n = 196) and T2DM patients (n = 320) 

* Values for various analytes are presented as mean with ranges in parentheses ± standard deviation.
p < 0.01 for combined patients vs. control group; ** p < 0.001 for combined patients vs. control group; *** p < 0.0001 for combined 
patients vs. control group

well-characterized cohorts [41, 44]. IL-22 demonstrated a pro-
gressive increase across T2DM groups, with statistically signifi-
cant elevations primarily in overweight and obese individuals, 
aligning with earlier findings [45-46]. These results support 
the view that IL-22 alone may not serve as a definitive bio-
marker for T2DM, and its levels appear largely independent of 
sex hormones [45-46]. IL-22 signals through a receptor com-
plex comprising IL-22R1 and IL-10R2, the latter also shared by 
IL-10, IL-26, IL-28, and IL-29 [45]. When analyzed collective-
ly, T2DM patients showed significant alterations in all three 
interleukins compared to controls, consistently with existing 
literature [22, 27, 47-48].

Previous studies have reported higher IL-22 levels and 
increased frequencies of IL-22-producing CD4+ T cells in in-
sulin-resistant and obese individuals, although many of these 
studies are limited by small sample sizes and lack of replica-
tion [46, 49-50]. Experimental models suggest that IL-22 may 
mitigate oxidative and endoplasmic reticulum stress, and 
exogenous IL-22 has shown beneficial metabolic effects in 
animal studies [46, 51]. Unfortunately, human data remain 
limited. There is a clear need for carefully designed transla-
tional studies to better define the role of IL-22 in T2DM and to 
assess its potential as a therapeutic target.

    Limitations

All the T2DM patients enrolled for this study belonged 
to one ethnic group which limits the generalizability of our 
results. Additional investigations using larger sample sizes 
in multiple ethnic groups are necessary to explore the IL-10 
family’s role in the pathogenesis of T2DM and its potential 
therapeutic value. Another limitation of this study is the fact 
that our control group did not include a sub-group of obese 
participants without T2DM. 
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    Conclusions

IL-10 levels were significantly reduced in both male and 
female normal-weight T2DM patients compared to controls. 
With increasing adiposity, males consistently showed lower 
IL-10 levels than females, while females in class I and III obesi-
ty groups exhibited relatively higher levels within comparable 
metabolic categories. IL-19 levels were significantly elevated 
across all T2DM groups, irrespective of sex, with a more pro-
nounced increase in obese and severely obese patients com-
pared to controls and normal-weight individuals, indicating 
a potential role in both T2DM and obesity.

IL-22 levels showed a  progressive rise across T2DM 
groups, although  significant changes were limited to over-
weight and obese categories, suggesting a stronger associa-
tion with obesity rather than with T2DM per se.
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