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Abstract 
Background: childhood obesity is one of the major health problem worldwide. Obesity is associated with low-level chronic inflammation resulting 
from inflammatory cytokine release in white adipose tissue. We aim to specify inflammatory markers tumor necrosis factor-alpha (TNF-alpha) 
and interleukin-10 (IL-10) in children and adolescents to determine their relationship with obesity.

Materials and methods: forty obese patients and 46 controls were included in the study from the pediatric clinic. Blood samples from the 
study group were centrifuged, and the sera were stored at -80 °C after separation. Serum levels of TNF-alpha and IL-10 were determined using 
Human ELISA kits for TNF-alpha and IL-10.

Results: serum samples from 86 children, including 45 girls (52.3 %) in the study group, were analyzed for TNF-alpha and IL-10 levels. TNF-alpha 
levels in the obese and control groups were 1.04 ± 0.79 and 0.60 ± 0.72 pg/ml, respectively (p = 0.010). Also, IL-10 levels in the obese and 
control groups were 0.76 ± 0.62 and 1.54 ± 0.71 pg/ml, respectively (p < 0.001). Gender was not identified as a factor for serum TNF-alpha 
and IL-10 levels (p = 0.281 and p = 0.477, respectively). Moreover, white blood cell (WBC) and serum C-reactive protein (CRP) levels were higher 
in the obese patient group than in the control group (p = 0.002 and p = 0.010, respectively). 
Conclusion: TNF-alpha levels were higher than control in obese patients and it was important in terms of showing that obesity triggers inflam-
mation in the body. IL-10 levels, which inhibit inflammation, were lower in obese patients than controls.
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Resumen 
Antecedentes: la obesidad infantil es uno de los principales problemas de salud a nivel mundial. La obesidad está asociada con una infla-
mación crónica de bajo nivel, resultado de la liberación de citocinas inflamatorias en el tejido adiposo blanco. Nuestro objetivo es especificar 
los marcadores inflamatorios factor de necrosis tumoral-alfa (TNF-alfa) e interleucina-10 (IL-10) en niños y adolescentes para determinar su 
relación con la obesidad.

Materiales y métodos: cuarenta pacientes obesos y 46 controles fueron incluidos en el estudio desde la clínica pediátrica. Las muestras de 
sangre del grupo de estudio se centrifugaron, y los sueros se almacenaron a -80 °C después de la separación. Los niveles séricos de TNF-alfa 
e IL-10 se determinaron utilizando kits ELISA humanos para TNF-alfa e IL-10.

Resultados: se analizaron muestras de suero de 86 niños, incluidas 45 niñas (52,3 %) en el grupo de estudio, para los niveles de TNF-alfa e IL-10. Los 
niveles de TNF-alfa en los grupos de obesos y control fueron de 1,04 ± 0,79 y 0,60 ± 0,72 pg/ml, respectivamente (p = 0,010). Además, los niveles de 
IL-10 en los grupos de obesos y control fueron de 0,76 ± 0,62 y 1,54 ± 0,71 pg/ml, respectivamente (p < 0,001). El género no se identificó como un 
factor para los niveles séricos de TNF-alfa e IL-10 (p = 0,281 y p = 0,477, respectivamente). Además, los niveles de glóbulos blancos (WBC) y proteína 
C-reactiva (PCR) en suero fueron más altos en el grupo de pacientes obesos que en el grupo de control (p = 0,002 y p = 0,010, respectivamente). 
Conclusión: los niveles de TNF-alfa fueron más altos en el grupo de pacientes obesos que en el grupo control lo que es importante para mostrar 
que la obesidad desencadena inflamación en el organismo. Los niveles de IL-10, que inhiben la inflamación, fueron más bajos en pacientes 
obesos que en controles.

Palabras clave: 

Obesidad. Niño. TNF-
alfa. Interleucina-10. 
Inflamación. Citocina.

INTRODUCTION

Obesity has become a significant global health problem due to 
its strong association with diseases such as insulin resistance, 
type 2 diabetes, atherosclerosis, and ischemic heart disease, 
which reduce life expectancy and have significant economic 
and societal impacts. Obesity is associated with inflammatory 
cytokine (IC) release in white adipose tissue (AT), triggering local 
inflammation, as well as with low-grade chronic inflammation in 
adipocytes (1,2). Furthermore, the pathogenesis of obesity-relat-
ed metabolic disorders is known to play a crucial role in chronic 
inflammation. Low-grade inflammation has been clearly linked 
to metabolic disorders such as type 2 diabetes mellitus (DM). 
Increased AT mass leads to elevated pro-inflammatory markers 
such as C-reactive protein (CRP) and its inducer, interleukin (IL)-
6. Interestingly, elevations in CRP and IL-6 were found to predict 
the development of type 2 DM (3,4). AT also causes the produc-
tion of inflammatory mediators known as adipokines; when re-
leased into the circulation, these transport the local inflammation 
caused by obesity to other parts of the body, including cardiovas-
cular tissues (5).

In obesity and diabetes, tumor necrosis factor-alpha (TNF-α) 
has been identified as a pro-inflammatory product of AT which 
links obesity and inflammation (6). A previous study revealed that 
mice with inactivated insulin receptors are protected from obe-
sity-related insulin resistance and inflammation (1). This shows 
that in obesity, the insulin receptor plays a key role in macro-
phage activation and inflammation (2). Accordingly, obese chil-
dren also had increased circulating levels of pro-inflammatory 
cytokines (e.g., leptin, TNF-α, IL-6, and CRP) compared to nor-
mal-weight children and adolescents aged 2-18 years (3). Spe-
cifically, TNF-α activates macrophages in host defense mecha-
nisms, inducing the production of pro-inflammatory nitric oxide 
and reactive oxygen species (7).

IL-10 has been recognized as an anti-inflammatory and im-
munosuppressive factor. As an anti-IC, IL-10 suppresses the 
ability of human monocytes and macrophages to produce pro-
ICs, including IL-6 (8). IL-10 is produced by activated immune 
cells (T and B lymphocytes, mast cells, granulocytes, macro-

phages) which acts as a potent negative feedback regulator and 
controls inflammation (7). Within lean AT, anti‐ICs secreted by 
resident AT macrophages (ATMs) help maintain insulin sensitiv-
ity by counteracting inflammatory responses. Indeed, treatment 
of adipocytes with IL‐10 alleviated the insulin resistance (IR) 
induced by TNF-α (9).

To the best of our knowledge, no study has evaluated the role 
of IL-10 in childhood obesity. This study aimed to identify pro-in-
flammatory and anti-inflammatory markers present in children 
and adolescents to determine their relationship with obesity.

MATERIALS AND METHODS

Children and adolescents (40 obese, 46 controls) were recruit-
ed from the pediatric outpatient department of the hospital of 
Tokat Gaziosmanpasa University School of Medicine, Tokat, Tur-
key. The study was conducted in accordance with the Helsinki 
Declaration of the World Medical Association and local ethical 
standards; this was approved by the Ethics Committee of Gazios-
manpasa University School of Medicine (approval no. 17-KAEK-
014). Since can cause inflammation, subjects with symptoms or 
signs of infection, fever, or/and endocrinologic disorders such 
as thyroiditis or rheumatologic diseases such as arthritis or rash 
were excluded. The study group was classified according to the 
age and sex-adjusted body mass index (BMI) reference curve for 
Turkish children. Participants with BMI above the 95th percentile 
were classified as obese, while those between the 5th and 84th 
percentiles as normal (10) (Table I).

Serum samples were obtained from fasting blood samples 
and stored at -80 °C. TNF-α and IL-10 were measured using an 
ELISA kit (Elabscience Biotechnology Co., Wuhan, China). Labo-
ratory tests, including complete blood count, glucose, blood urea 
nitrogen, serum creatinine (sCre), CRP, aspartate transaminase 
(AST), and alanine transaminase (ALT), were obtained from fast-
ing blood samples of all participants. Insulin levels and thyroid 
function tests were measured in obese participants only. Serum 
fasting glucose, insulin, AST, ALT, and sCre were measured us-
ing reagent kits from Roche Diagnostics adapted to the COBAS 



790

[Nutr Hosp 2024;41(4):788-792]

A. Gul and R. Yilmaz

E601 system (Roche Diagnostics, Mannheim, Germany). Statisti-
cal analysis of the data was performed using SPSS 19 (IBM SPSS 
Statistics 19, SPSS Inc., Somers, NY, USA), and p < 0.05 was 
considered significant.

RESULTS

Serum TNF-α and IL-10 levels were measured in 40 obese 
children and 46 controls, who had mean ages of 12.7 ± 3.2 and 
13.1 ± 2.3 years, respectively (p = 0.698). Among the partic-

ipants, 53.5 % were female. When grouped according to sex, 
there were no significant differences in TNF-α and IL-10 levels. 
TNF-α levels were 0.892 ± 0.835 and 0.708 ± 0.716 pg/mL in 
females and males, respectively (p = 0.281). IL-10 levels were 
1.117 ± 0.832 and 1.238 ± 0.705 pg/mL in females and males, 
respectively (p = 0.477) (Table II). 

Serum TNF-α levels were significantly higher in obese indi-
viduals versus controls (1.04 ± 0.79 vs. 0.60 ± 0.72 pg/mL, 
p  =  0.010) IL-10, known for its anti-inflammatory properties, 
was lower in obese individuals versus controls (0.76 ± 0.62 vs. 
1.54 ± 0.71 pg/mL, p < 0.001).

Table I. Distribution of the study group and inflammatory markers according to gender

Group

p
Inflammatory marker

pObese 
n (%)

Control 
n (%)

TNF-α (pg/
mL)

IL-10 (pg/mL)

Sex
Female 24 (60.0) 21 (45.7)

0.184
0.89 ± 0.84 1.12 ± 0.83 0.281

Male 16 (40.0) 25 (54.3) 0.71 ± 0.72 1.24 ± 0.70 0.477

Total 40 (100) 46 (100) 0.81 ± 0.78 1.17 ± 0.77

Table II. Distribution of TNF-α and IL-10 serum levels and laboratory parameters by groups

Variables

Group

p
Total 

(n = 86)
Control 
(n = 46)

Obese 
(n = 40)

Mean ± SD Mean ± SD Mean ± SD

IL-10 (pg/ml) 1.174 ± 0.773 1.545 ± 0.709 0.756 ± 0.618  < 0.001

TNF-α (pg/ml) 0.806 ± 0.782 0.602 ± 0.722 1.035 ± 0.792 0.010

Age (year) 12.8 ± 3.0 12.7 ± 3.2 13.1 ± 2.3 0.698

Height (cm) 152.86 ± 14.05 151.41 ± 17.24 154.52 ± 9.04 0,672*

Body weight (kg) 54.25 ± 18.24 47.36 ± 15.28 62.18 ± 18.32 0,138*

BMI (kg/m2) 22.77 ± 5.95 20.33 ± 5.72 25.58 ± 4.92 0,342*

TSH 2.437 ± 1.299 2.311 ± 1.18 2.711 ± 1.53 0.298

fT4 1.206 ± 0.583 1.126 ± 0.486 1.408 ± 0.756 0.092

Glucose 90.49 ± 9.82 91.69 ± 10.87 87.72 ± 6.27 0.166

Insulin 24 ± 18.01 20.29 ± 15.83 24.87 ± 18.82 0.659

Hemoglobin 12.99 ± 1.34 12.99 ± 1.42 12.98 ± 1.12 0.973

White blood cells 7.25 ± 2.1 6.79 ± 1.82 8.6 ± 2.35 0.002

Platelets 298.87 ± 66.33 284.93 ± 58.66 341.6 ± 72.13 0.003

CRP 6.69 ± 24.52 2.69 ± 5.04 30.01 ± 62.24 0.010

AST 21.55 ± 6.39 21.43 ± 6.58 21.88 ± 6.01 0.809

ALT 16.79 ± 10.48 15.48 ± 7.51 20.32 ± 15.77 0.104

TNF-α: tumor necrosis factor-alpha; IL-10: interleukin-10; BMI: body mass index; TSH: thyroid stimulating hormone; fT4: serum free thyroxin; CRP: C-reactive protein; 
AST: aspartate transaminase; ALT: alanine transaminase. The values presented are means ± standard deviation (SD). The p-values represent the statistical significance 
for the comparison between the control and obese groups. *Correction for age and gender was performed by covariance analysis.
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DISCUSSION

Chronic inflammation, as seen in obesity, can occur due to 
excess production of inflammatory mediators when clearance 
mechanisms are insufficient or even under normal physiologi-
cal changes. Circulating inflammatory mediators and activated 
monocytes have been associated with metabolic and cardio-
vascular complications in obesity (5). In this study, we aimed to 
assess inflammation by determining the levels of inflammatory 
markers TNF-α and IL-10. Notably, TNF-α, which triggers inflam-
mation by promoting macrophage activation and oxygen radical 
production (8), was higher in obese children and adolescents. 
IL-10, which has anti-IC actions and suppresses monocyte/mac-
rophage stimulation and cytokine production, especially IL-6 (7), 
was lower in obese children and adolescents.

Previous studies have associated subclinical chronic inflam-
mation with obesity (11). AT acts not only as a fat depot but also 
as an active endocrine organ which releases numerous peptides 
and cytokines into the circulation (12). In obesity, there is a shift 
in the balance among these molecules; enlarged adipocytes 
produce more pro-ICs (e.g., TNF-α and IL-6) and fewer anti-in-
flammatory peptides (e.g., adiponectin) (13). The infiltration of 
macrophages into AT was also found to increase with the severity 
of obesity, which is associated with decreased insulin sensitivity 
(14). The dysregulation of these adipokines reportedly plays a 
significant role in obesity-related metabolic and cardiovascular 
disorders (15). Severely obese adolescents with increased BMI 
and CRP have an increased risk of impaired fasting glucose and 
hypertension (16). Similarly, regardless of the association with 
metabolic complications, we also found elevated TNF-α levels in 
obese children and adolescents. Kopp et al. reported that TNF-α 
levels decreased alongside weight loss in obese patients with 
metabolic syndrome (17). Thus, weight loss can possibly achieve 
inflammation control in obesity-related metabolic disorders.

Protective factors, such as adiponectin, reportedly decrease 
in cases of increased BMI and elevated CRP (18). IL-10 is con-
sidered a good and protective cytokine in human metabolism 
(19). In atherosclerosis, IL-10 is speculated to be produced in 
the atherosclerotic plaques by stimulated monocytes/macro-
phages and lymphocytes, and it may provide more protection 
from excessive pro-inflammatory responses (20). Jung et al. 
showed that an increase in IL-10 was dependent on the de-
gree of weight loss and improvement in metabolic disorders 
(21). In our study, IL-10 levels were low in obese adolescents 
and children. Since we did not observe the effects of weight 
loss, we cannot make interpretations about the changes in this 
cytokine. In contrast, it has been suggested that IL-10 release 
is related to TNF-α and could help limit the pro-inflammatory 
effect of TNF-α (21).

These studies have shown that low-grade systemic inflamma-
tion is present in childhood obesity. Consequently, it has been 
proposed that metabolic dysfunction associated with excessive 
AT mass could result from an imbalance in the expression of 
pro- and anti-inflammatory adipokines, thereby contributing to 
the development of obesity-related complications (5,22).

A limitation of this study is the lack of investigation into 
the relationship between metabolic disorders and inflamma-
tory markers. Nevertheless, as a case-control study, the clear 
differences in these markers highlight the importance of our 
findings.

In conclusion, this study examined two inflammatory markers in 
childhood obesity, TNF-α and IL-10. Inflammatory mediators differed 
between obese and lean control groups. These ICs may be part of 
the inflammatory connection between obesity and its metabolic and 
cardiovascular complications. Thus, these can be potential targets 
for the early detection and prevention of these complications.

ACKNOWLEDGEMENTS

We would like to thank Dr. Osman Demir, PhD, from the 
Department of Biostatistics at Gaziosmanpasa University, for 
his help in the statistical analysis of the data, Haci Omer Ates, 
PhD, from the Department of Medical Biology at Gaziosman-
pasa University, and Burhan Ertekin, graduate student in the 
Department of Medical Biology at Gaziosmanpasa University, 
for his contributions performing the MBL analysis by ELISA. 
The authors would like to thank Enago (www.enago.com) for 
the English language review.

REFERENCES

1.	 Lumeng CN, Saltiel AR. Inflammatory links between obesity and metabolic 
disease. J Clin Invest 2011;121(6):2111-7. DOI: 10.1172/JCI57132

2.	 Hotamisligil GS. Inflammation and metabolic disorders. Nature. 
2006;444(7121):860-7. DOI: 10.1038/nature05485

3.	 Visser M, Bouter LM, McQuillan GM, Wener MH, Harris TB. Elevated C-reactive 
protein levels in overweight and obese adults. JAMA 1999;282(22):2131-5. 
DOI: 10.1001/jama.282.22.2131

4.	 Pradhan AD, Manson JE, Rifai N, Buring JE, Ridker PM. C-reactive pro-
tein, interleukin 6, and risk of developing type 2 diabetes mellitus. JAMA 
2001;286(3):327-34. DOI: 10.1001/jama.286.3.327

5.	 Ouchi N, Parker JL, Lugus JJ, Walsh K. Adipokines in inflammation and met-
abolic disease. Nat Rev Immunol 2011;11(2):85-97. DOI: 10.1038/nri2921

6.	 Hotamisligil GS, Shargill NS, Spiegelman BM. Adipose expression of tumor 
necrosis factor-α: direct role in obesity-linked insulin resistance. Science 
1993;259(5091):87-91. DOI: 10.1126/science.7678183

7.	 Steen EH, Wang X., Balaji S., Butte M J. The Role of the Anti-Inflammatory 
Cytokine Interleukin-10 in Tissue Fibrosis. Adv Wound Care 2020;9(4):184-
98. DOI: 10.1089/wound.2019.1032

8.	 Rong Y-D, Bian A-L, Hu H-Y, Ma Y, Zhou X-Z. Study on relationship between 
elderly sarcopenia and inflammatory cytokine IL-6, anti-inflammatory cytokine 
IL-10. BMC Geriatrics 2018;18(1):308. DOI: 10.1186/s12877-018-1007-9

9.	 Lumeng CN, Bodzin JL, Saltiel AR. Obesity induces a phenotypic switch in 
adipose tissue macrophage polarization. J Clin Invest 2007;117(1):175-84. 
DOI: 10.1172/JCI29881

10.	 Ozturk A, Mazicioglu MM, Hatipoglu N, Budak N, Keskin G, Yazlak Z, et al. Refer-
ence body mass index curves for Turkish children 6 to 18 years of age. J Pediatr 
Endocrinol Metab 2008;21(9):827-36. DOI: 10.1515/JPEM.2008.21.9.827

11.	 Wellen KE, Hotamisligil GS. Obesity-induced inflammatory changes in adipose 
tissue. J Clin Invest 2003;112(12):1785-8. DOI: 10.1172/JCI20514

12.	 Rajala MW, Scherer PE. Minireview: the adipocyte—at the crossroads of 
energy homeostasis, inflammation, and atherosclerosis. Endocrinology 
2003;144(9):3765-73. DOI: 10.1210/en.2003-0580

13.	 Matsuzawa Y, Funahashi T, Nakamura T. Molecular Mechanism of Metabolic 
Syndrome X: Contribution of Adipocytokines· Adipocyte‐derived Bioactive 
Substances. Ann N Y Acad Sci 1999;892(1):146-54. DOI: 10.1111/j.1749-
6632.1999.tb07793.x



792

[Nutr Hosp 2024;41(4):788-792]

14.	 Landgraf K, Rockstroh D, Wagner IV, Weise S, Tauscher R, Schwartze JT, et 
al. Evidence of early alterations in adipose tissue biology and function and 
its association with obesity-related inflammation and insulin resistance in 
children. Diabetes 2015;64(4):1249-61. DOI: 10.2337/db14-0744

15.	 Yudkin JS, Kumari M, Humphries SE, Mohamed-Ali V. Inflammation, obesity, 
stress and coronary heart disease: is interleukin-6 the link? Atherosclerosis 
2000;148(2):209-14. DOI: 10.1016/S0021-9150(99)00463-3

16.	 Michalsky MP, Inge TH, Simmons M, Jenkins TM, Buncher R, Helmrath M, 
et al. Cardiovascular risk factors in severely obese adolescents: the Teen 
Longitudinal Assessment of Bariatric Surgery (Teen-LABS) study. JAMA 
Pediatrics 2015;169(5):438-44. DOI: 10.1001/jamapediatrics.2014.3690

17.	 Kopp H-P, Kopp C, Festa A, Krzyzanowska K, Kriwanek S, Minar E, et 
al. Impact of weight loss on inflammatory proteins and their associ-
ation with the insulin resistance syndrome in morbidly obese patients. 
Arterioscler Thromb Vasc Biol 2003;23(6):1042-7. DOI: 10.1161/01.
ATV.0000073313.16135.21

18.	 Weiss R, Dziura J, Burgert TS, Tamborlane WV, Taksali SE, Yeckel CW, et al. Obe-
sity and the metabolic syndrome in children and adolescents. N Engl J Med 
2004;350(23):2362-74. DOI: 10.1056/NEJMoa031049

19.	 Fisman EZ, Motro M, Tenenbaum A. Cardiovascular diabetology in the core of 
a novel interleukins classification: the bad, the good and the aloof. Cardiovasc 
Diabetol 2003;2(1):1-10. DOI: 10.1186/1475-2840-2-11

20.	 Mallat Z, Heymes C, Ohan J, Faggin E, Leseche G, Tedgui A. Expression of 
interleukin-10 in advanced human atherosclerotic plaques: relation to inducible 
nitric oxide synthase expression and cell death. Arterioscler Thromb Vasc Biol 
1999;19(3):611-6. DOI: 10.1161/01.ATV.19.3.611

21.	 Jung SH, Park HS, Kim K-S, Choi WH, Ahn CW, Kim BT, et al. Effect of weight 
loss on some serum cytokines in human obesity: increase in IL-10 after weight 
loss. J Nutr Biochem 2008;19(6):371-5. DOI: 10.1016/j.jnutbio.2007.05.007

22.	 Mukherjee S, Skrede S, Haugstøyl M, López M, Fernø J. Peripheral and central 
macrophages in obesity. Front Endocrinol 2023;14:1232171. DOI: 10.3389/
fendo.2023.1232171

A. Gul and R. Yilmaz




