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Abstract

Background: To compare Interleukin-6 (IL-6) and Tumor Necro-
sis Factor a (TNFα) levels in obese and overweight youth to their 
normal weight counterparts. Furthermore, we compared IL-6 and 
TNFα levels in obese and overweight individuals with and without 
additional metabolic disorders such as Metabolic Syndrome (MS), 
Non Alcoholic Fatty Liver Disease (NAFLD) and prediabetes.

Methods: All 54 consecutive obese children and adolescents with 
Body Mass Index (BMI) ≥ 95th centile and 50 overweight children 
and adolescents with 85th ≤ BMI < 95th were screened for MS, 
prediabetes and NAFLD. Serum IL-6 and TNFα were measured in 
all the participants and in 40 normal weight age-matched individu-
als (controls).

Results: IL-6 levels were increased in obese children and adoles-
cents compared to the controls (2.4 ± 1.9 vs 1.0 ± 0.5 pg/mL, P < 
0.001) and to the overweight participants (1.5 ± 1.2 pg/mL, P < 
0.014). IL-6 was also elevated in overweight compared to normal 
weight youth (P = 0.027) and in youth with MS compared to their 
counterparts without MS (2.9 ± 1.9 vs 1.7 ± 1.5 pg/mL, P = 0.013). 
TNFα levels were comparable between obese and normal weight 
(2.1 ± 1.2 vs 2.0 ± 0.6 pg/mL respectively, P = 0.805), overweight 
and normal weight (2.0 ± 1.0 pg/mL, P = 0.834), obese and over-
weight participants (P = 0.997). Obese and overweight individuals 
with NAFLD had elevated levels of TNFα compared to their coun-
terparts with normal liver (2.7 ± 1.1 vs 1.0 ± 1.0 pg/mL, P = 0.005).

Conclusions: Youth with excessive weight have elevated IL-6 lev-
els, especially in the presence of MS. TNFα levels, although com-
parable between normal weight and excessive weight youth, are 
raised in overweight and obese individuals with NAFLD.

Keywords: Obesity; Metabolic syndrome; Prediabetes; Non Alco-
holic Fatty Liver Disease; Inflammation

Introduction

Interleukin 6 (IL-6) and Tumor Necrosis Factor a (TNFα) 
have been characterized in the recent years as indices of sub-
clinical inflammation. Both are produced from the lipocytes 
and the macrophages that infiltrate the adipose tissue and 
have been associated, in adults’ studies, with insulin resis-
tance (IR), Metabolic Syndrome (MS), atherogenesis and 
non-alcoholic fatty liver disease (NAFLD) [1-6]. The pres-
ence of subclinical inflammation in children and adolescents 
has been reported in few studies with a limited number of 
participants [7].

The purpose of the study was to evaluate TNFα and IL-6 
levels in obese and overweight children and adolescents and 
compare them to the levels of normal weight counterparts. 
Furthermore, TNFα and IL-6 levels of obese and overweight 
participants who also had MS, Prediabetes (Impaired Fasting 
Glucose (IFG) and/or Impaired Glucose Tolerance (IGT)) 
and NAFLD, were compared to the levels of obese and over-
weight children and adolescents who did not have any of the 
above metabolic disorders.

 
Methods

One hundred and forty four children and adolescents were 
included in the study, aged 6 - 17 years old. According to 
the Body Mass Index (BMI) the participants were divided in 
3 groups. Group A: 54 obese children and adolescents with 
BMI ≥ 95th centile for their age and sex. Group B: 50 Over-
weight children and adolescents with BMI between the 85th 
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Group Α Group C P

Patients (n) 54 (28 female) 40 (22 female)

Age (years) 11.2 ± 2.6 10.8 ± 2.8 0.402

Weight (kg) 71.0 ± 18.8 35.8 ± 13.0 < 0.001

ΒΜΙ (kg/m²) 30.7 ± 3.7 18.3 ± 2.9 < 0.001

WC (cm) 104.0 ± 12.3 63.6 ± 9.3 < 0.001

Fasting Glucose (mg/dL) 98.1 ± 10.3 84.0 ± 7.1 < 0.001

Fasting Insulin (μU/mL) 25.0 ± 14.4 8.7 ± 4.2 < 0.001

HOMA-IR 6.2 ± 4.0 1.8 ± 0.9 < 0.001

IL-6 (pg/mL) 2.4 ± 1.9 1.0 ± 0.5 < 0.001

TNFα (pg/mL) 2.1 ± 1.2 2.0 ± 0.6 0.805

Table 1. Comparison of the Obese Children and Adolescents to the Control Group

Table 2. Comparison of the Overweight Children and Adolescents to the Control Group

Group Β Group C P

Patients (n) 50 (30 female) 40 (22 female)

Age (years) 11.8 ± 1.9 10.8 ± 2.8 0.06

Weight (kg) 60.1 ± 10.5 35.8 ± 13.0 < 0.001

BΜΙ (kg/m²) 25.7 ± 1.7 18.3 ± 2.9 < 0.001

WC (cm) 90.1 ± 6.7 63.6 ± 9.3 < 0.001

Fasting Glucose (mg/dL) 93.0 ± 6.9 84.0 ± 7.1 < 0.001

Fasting Insulin (μU/mL) 17.1 ± 9.9 8.7 ± 4.2 < 0.001

HOMA-IR 3.9 ± 2.3 1.8 ± 0.9 < 0.001

IL-6 (pg/mL) 1.5 ± 1.2 1.0 ± 0.5 0.027

TNFα (pg/mL) 2.0 ± 1.0 2.0 ± 0.6 0.997
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and 95th centile. Group C: 40 children and adolescents with 
BMI < 85th centile (control group). Participants in group A 
and B were children and adolescents who consecutively at-
tended the pediatric outpatient obesity clinic of the 3rd Pe-
diatric Department of the University of Thessaloniki at the 
Hippokration General Hospital. All families were informed 
about the purpose of the study and written consent was ob-
tained.

Weight was measured using high precision scale (accu-
racy 0.1 kg) and height was measured with a Harpenter Stadi-
ometer (accuracy of 1 mm). BMI was calculated according to 
the formula weight (kg)/(height (cm))2. Greek population cen-
tiles were used, as published from the 1rst Pediatric Depart-
ment of the University of Athens. Waist circumference (WC) 
was measured with a flexible tape (accuracy of 1cm) at the 
middle of the distance between the last rib and the iliac crest.

A liver ultrasound scan to diagnose NAFLD and an oral 
glucose tolerance test (OGTT) were performed in groups 
A and B. The participants were admitted to the unit in the 
morning, after a 12 hour fasting period. A cannula was in-
serted to the midcephalic and midcoronal vein. After the 
first sample (time 0) an oral solution of D-glucose (1.75 gr/
kg, max dose 75 gr) was ingested during 2 - 3 minutes. All 
samples were transferred to the laboratory immediately for 
specification of glucose levels, which were calculated using 
the glucose exocinase enzymic method in the Architect 800c 
analyst (Abbott Laboratories, IL, USA, reference values: 75 
- 100 mg/dL). American Diabetes Association (ADA) and 

International Diabetes Foundation (IDF) criteria were used 
to diagnose prediabetes (IFG: 100 mg/dL ≤ fasting glucose 
< 126 mg/dL and/or IGT: 140 mg/dL ≤ 2hr glucose < 200 
mg/dL).

MS was diagnosed according to the Cook criteria 
amended for the fasting glucose levels, where upper normal 
value was set to 100 mg/dL [8]. Waist circumference values 
were plotted to the USA Fernandez et al centiles for children 
and adolescents of European origin, since there are no pub-
lished data applied to the Greek population [9].

All liver ultrasound scans were performed and assessed 
by the same sonographer, using a real time transducer 3.5 
MHz, according to pre-defined standards [10].

IR was calculated using the HOMA-IR (Homeostasis 
Model Assessment for Insulin Resistance) formula: (fasting 
glucose (mmol/L)) x (fasting insulin (μU/mL))/22.5. Insulin 
levels were calculated using the RIA method (reference val-
ues: 6 - 27μU/mL) whereas IL-6 and TNFα were measured 
using ELISA (Sandwich method, RnD sensitive IL-6 and 
TNFα reagents).

Statistical analysis

Quantitative variables were summed up in averages and stan-
dard deviations. Student t-test was used in order to compare 
the averages in each group. The comparison of averages of 
all groups was done using the one-way ANOVA test. Tuckey 
post-hoc analysis was used for qualitative comparison. Nor-

Table 3. Comparison Between Obese and Overweight Children and Adolescents

Group A Group B P

Patients (n) 54 (28 female) 50 (30 female)

Age (years) 11.2 ± 2.6 11.8 ± 1.9 0.207

Weight (kg) 71.0 ± 18.8 60.1 ± 10.5 0.001

BΜΙ (kg/m²) 30.7 ± 3.7 25.7 ± 1.7 < 0.001

WC (cm) 104.0 ± 12.3 90.1 ± 6.7 < 0.001

Fasting Glucose (mg/dL) 98.1 ± 10.3 93.0 ± 6.9 0.004

Fasting Insulin (μU/mL) 25.0 ± 14.4 17.1 ± 9.9 0.001

HOMA-IR 6.2 ± 4.0 3.9 ± 2.3 0.001

IL-6 (pg/mL) 2.4 ± 1.9 1.5 ± 1.2 0.014

TNFα (pg/mL) 2.1 ± 1.2 2.0 ± 1.0 0.834
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mality of variables was tested with the Shapiro-Wilk test and 
no deviation was noted. SPSS edition 16:0 was used for the 
statistical analysis and the level of significance was defined 
as lower than 0.05 in both directions.

 
Results

IL-6 levels were found significantly increased in obese chil-
dren and adolescents compared to the normal weight (2.4 
± 1.9 vs 1.0 ± 0.5 pg/mL, P < 0.001) and to the overweight 
participants (1.5 ± 1.2 pg/mL, P = 0.014). IL-6 was also 
significantly elevated in overweight compared to normal 
weight youth (P = 0.027). Obese and overweight children 
and adolescents with MS had significantly raised levels of 
IL-6 compared to their counterparts without the diagnosis 
of MS (2.9 ± 1.9 vs 1.7 ± 1.5 pg/mL, P = 0.013). IL-6 did 
not differentiate between obese and overweight participants 
with and without prediabetes (1.9 ± 1.5 vs 2.0 ± 1.8 pg/mL, 
P = 0.805), as well as with and without NAFLD (2.6 ± 2.2 vs 
1.7 ± 1.4 pg/mL, P = 0.109).

TNFα levels were comparable between obese and nor-
mal weight (2.1 ± 1.2 vs 2.0 ± 0.6 pg/mL, respectively, P = 
0.805), between overweight and normal weight (2.0 ± 1.0 pg/
mL, P = 0.834) and between obese and overweight partici-
pants (P = 0.997). Obese and overweight youth with NAFLD 
had significantly elevated levels of TNFα compared to their 

counterparts with normal liver (2.7 ± 1.1pg/mL vs 1.0 ± 1.0 
pg/mL, P = 0.005). On the contrary, TNFα levels did not dif-
ferentiate between obese and overweight participants with 
and without MS (2.2 ± 1.0 vs 2.0 ± 1.1 pg/mL, respectively, 
P = 0.641) as well as with and without prediabetes (2.3 ± 1.0 
vs 2.0 ± 1.1 pg/mL, respectively, P = 0.205).

MS was diagnosed in 17 (31.5%) of the obese and 4 
(8%) of the overweight children and adolescents whereas 
prediabetes was found in 24 (44.4%) and 12 (24%) respec-
tively. Among the obese participants with prediabetes 16 
(29.6%) had IFG, 3 (5.6%) had IGT and 5 (9.3%) had both 
IFG and IGT. Among the overweight children and adoles-
cents with prediabetes 8 (16%) had IFG, 3 (6%) had IGT and 
only 1 (2%) had both IFG and IGT. NAFLD was diagnosed 
in 24 (44.4%) of the obese and 9 (18%) of the overweight 
children and adolescents. The results of the between groups 
comparisons for all the parameters studied (median ± SD) 
are summarized in Table 1-3.

The results of the comparison between children and ado-
lescents with and without MS, with and without prediabetes, 
with and without NAFLD are presented in Table 4-6 respec-
tively.

Discussion
  
IL-6 is a cytokine which plays active role in the cellular and 

Table 4. Comparison Between Obese and Overweight Children and Adolescents With and With-
out MS

MS Without ΜS P

Patients (n) 21 83

Age (years) 11.3 ± 2.5 11.6 ± 2.3 0.578

Weight (kg) 73.1 ± 21.4 64.2 ± 14.2 0.082

BΜΙ (kg/m²) 31.4 ± 4.7 27.5 ± 3.2 0.002

WC (cm) 102.0 ± 12.5 93.2 ± 9.2 0.005

Fasting Glucose (mg/dL) 100.0 ± 9.7 94.6 ± 8.7 0.015

Fasting Insulin (μU/mL) 29.9 ± 17.3 19.0 ± 10.8 0.011

HOMA-IR 7.6 ± 5.0 4.5 ± 2.7 0.012

IL-6 (pg/mL) 2.9 ± 1.9 1.7 ± 1.5 0.013

TNFα (pg/mL) 2.2 ± 1.0 2.0 ± 1.1 0.641
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humoral immune response to tissue damage. It is produced 
from several different cells including adipocytes and macro-
phages found in the adipose tissue. IL-6 action is expressed 
by binding to its receptor and forming IL-6RB compound 
which is also known as glucoprotein 130 (GL 130) [6]. It en-
hances lipolysis and increases Free Fatty Acids (FFA) levels 
in the serum while inhibiting lipoprotein lipase [11]. Sub-
stantial amount of IL-6 is found in atherosclerotic layers of 
the endothelium [3-5]. In obese adults nearly 15-30% of the 
total IL-6 is produced in the adipose tissue. Increased IL-6 
levels show a positive relation to IR and cardiovascular risk 
which might even begin in childhood [6, 12, 13].

In our study, obese children and adolescents had in-
creased IL-6 levels compared to both overweight and normal 
weight counterparts. Significantly increased levels were also 
found in obese and overweight youth with MS compared to 
their counterparts without MS. In a recent cross-sectional 
study of 137 healthy prepubertal children, Galcheva et al 
reported higher levels of IL-6 in children with WC > 90th 
centile compared to those with WC < 90th [14]. IL-6 was 
also found elevated in overweight and obese adolescents 
compared to their lean counterparts in previous publications 
[15-19]. Stelzer et al reported, recently, increased IL-6 levels 
in obese youth with MS compared to those without the syn-
drome [16]. On the contrary, Galcheva et al failed to show 
any significant association of IL-6 with parameters of the 
MS other than with low HDL- cholesterol [14].

IL-6, in our study, did not differ between overweight 
and obese youth with and without prediabetes. In consis-
tence with our findings, Metzig et al, studying postprandial 
endothelial function, inflammation and oxidative stress in 34 
obese children and adolescents, reported no difference in the 
levels of IL-6 at 1 h and 2 h after glucose ingestion [20]. On 
the contrary, Yeste at al found significantly elevated levels 
of IL-6 in 14 obese children with prediabetes compared to 
those with normal glucose metabolism [19]. It is evident that 
further studies are needed in order to fully investigate the 
potential correlation of IL-6 with impaired glucose metabo-
lism in youth.

We found no difference in the levels of IL-6 between 
overweight and obese children and adolescents with and 
without NAFLD. In two recent studies in obese youth, he-
patocellular lipid content assessed with magnetic resonance 
imaging was positively associated with the levels of IL-6 
[21-22]. Similarly Alisi et al reported elevated IL-6 in obese 
children with biopsy proven NAFLD compared to normal 
weight controls [23]. Diagnostic limitations of ultrasonogra-
phy in detecting NAFLD could account for the discrepancy 
in our results.

TNFα is mainly produced by macrophages and lympho-
cytes, under the effect of other cytokines produced in the 
adipose tissue, while small amounts are also produced di-
rectly from adipocytes [13]. TNFα enhances lipolysis and in-
creases FFA levels in the plasma. It activates phosphorylases 

Table 5. Comparison Between Obese and Overweight Children and Adolescents With and With-
out Prediabetes

 Prediabetes No Prediabetes P

Patients (n) 35 69

Age (years) 11.4 ± 2.3 11.6 ± 2.4 0.670

Weight (kg) 68.2 ± 16.5 64.8 ± 16.1 0.322

BΜΙ (kg/m²) 29.4 ± 4.3 27.8 ± 3.6 0.042

WC (cm) 98.0 ± 11.7 93.4± 9.6 0.038

Fasting Glucose (mg/dL) 104.3 ± 9.1 91.3 ± 5.3 < 0.001

Fasting Insulin (μU/mL) 25.8 ± 15.6 19.0 ± 11.0 0.012

HOMA-IR 6.8 ± 4.5 4.3 ± 2.5 0.004

IL-6 (pg/mL) 1.9 ± 1.5 2.0 ± 1.8 0.805

TNFα (pg/mL) 2.3 ± 1.0 2.0 ± 1.1 0.205
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in adipocytes which phosphorylate aminoacids in specific 
areas of the Insulin Receptor Substrate -1 (IRS-1) resulting 
in the inhibition of receptor signaling to the glucose trans-
portation system. Furthermore, it inhibits lipoproteinic lipase 
and adipocyte differentiation while it is possible to enhance 
adipocyte apoptosis [11]. Obese individuals have been found 
with increased TNFα levels in several adults’ publications. 
In adults, there is correlation between elevated TNFα levels 
and Insulin Resistance, Diabetes, endothelial dysregulation 
and raised C-Reactive Protein (CRP) and IL-6 levels [3].

There are limited and conflicting published data regard-
ing the role of TNF in childhood and adolescence obesity 
[7]. In our study, we found no difference in the levels of 
TNFα between obese, overweight and normal weight chil-
dren and adolescents. Similarly, Galcheva et al reported no 
difference in TNFα levels in abdominally obese prepubertal 
children compared to those with normal weight [14]. Steene-
Johannessen et al did not find correlation of TNFα with WC 
or other cardiovascular risk factors in 2.300 children aged 
9 - 15 years old [24]. On the contrary, others have reported 
elevated TNFα in obese versus normal weight children and 
adolescents [15, 18, 25-27]. It is possible that different gene 
polymorphisms encoding TNFα could account for TNFα 
effect in early atheromatosis, independently of the body 
weight [28].

In consistence with our findings, Alikasifoglu et al re-
ported no difference in TNFα levels among obese children 

and adolescents with and without MS, as well as with and 
without prediabetes [27]. Given the lack of data, more stud-
ies are needed to elucidate the relationship of TNFα with 
these metabolic disorders in youth.

In recent years TNFα and its relation to NAFLD has 
been extensively investigated in adults. The enhancing ef-
fect on lipolysis results in increased FFA production which 
accumulate in the liver and activate liver factor kappa 
B (NFκB) which then result in increased production of 
cytokines(TNFα, IL-6, CRP) and oxidating factors from 
hepatocytes and Kupffer cells. Most of these cytokines are 
also produced by visceral fat and further induce NAFLD and 
NASH by several mechanisms involving hepatocyte apopto-
sis and liver fibrosis [29].

The potential pathogenetic role of TNFα in NAFLD is 
also supported in our study where we found that obese and 
overweight children and adolescents with NAFLD had sig-
nificantly raised TNFα levels compared to their counterparts 
without NAFLD. Alisi et al also reported elevated TNFα in 
obese children with biopsy proven NAFLD compared to nor-
mal weight controls [23]. Fasting serum levels of TNFα and 
its soluble receptors have been shown to correlate with ultra-
sonographic grade of liver steatosis in obese children [30]. It 
has recently been published that TNFα levels show positive 
correlation with the degree of histological damage of fatty 
liver. Therefore, raised TNFα levels could be a marker of 
the evolution of steatohepatitis to more severe inflammatory 

Table 6. Comparison Between Obese and Overweight Children and Adolescents With and With-
out NAFLD

 NΑFLD No NΑFLD P

Patients (n) 33 71

Age (years) 11.0 ± 2.3 11.7 ± 2.3 0.158

Weight (kg) 67.1 ± 19.4 65.5 ± 14.6 0.643

BΜΙ (kg/m²) 29.5 ± 4.8 27.8 ± 3.3 0.068

WC (cm) 97.4 ± 12.4 93.9 ± 9.4 0.154

Fasting Glucose (mg/dL) 94.7 ± 10.5 96.1 ± 8.5 0.460

Fasting Insulin (μU/mL) 24.4 ± 13.9 19.7 ± 12.4 0.089

HOMA-IR 5.8 ± 3.7 4.8 ± 3.4 0.136

IL-6 (pg/mL) 2.6 ± 2.2 1.7 ± 1.4 0.109

TNFα (pg/mL) 2.7 ± 1.1 1.9 ± 1.0 0.005
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status and gradually fibrosis [31].
In conclusion, obese and overweight children and ado-

lescents in our study had significantly raised IL-6 levels com-
pared to normal weight children, reinforcing the evidence 
that subclinical inflammation is already present in childhood 
obesity. The degree of inflammation seems to be more potent 
when MS is also present. Therefore, overweight and obese 
youth with MS should be treated more intensively since they 
may run additional cardiovascular risk in the future. Obese 
and overweight children with NAFLD had significantly 
elevated TNFα levels compared to their counterparts with 
normal liver. The role of TNFα in the pathogenesis and the 
evolution of fatty liver disease in childhood and adolescence 
remain to be elucidated by further research.
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