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Background

Childhood obesity is a growing epidemic. The prevalence of 
overweight and obesity in children is increasing dramatical-
ly worldwide [1,2]. Since the 1960s, the proportion of over-
weight adolescents globally has increased. Approximately 15% 
of all 15- year-olds in the United States have been reported 
to be obese [3]. Similarly, in the last 20 years, a dramatic in-
crease in the proportion of overweight and obese children in 
the European Union (EU) has taken place [4]. Approximately 
30% of European children are overweight and approximate-
ly one-quarter of them have been reported to be obese [4].

In Poland, between the years 1994 and 1995, a population-
based study was conducted that assessed the prevalence of 
overweight and obesity amongst children between 6 and 17 
years of age [5]. In that study, 8.7% of children and adolescents 
were classified as overweight and 3.4% were categorized as 
obese. In addition, it was reported that female and urban pe-
diatric populations generally displayed greater weight distri-
butions compared to male and rural populations. According 
to a more recent population-based multicenter study in which 
Polish children between the ages of 7 and 9 years were en-
rolled, ~15% of children were categorized as overweight and 
~4% were classified as obese [6].

In 1996, the European Childhood Obesity Group published a 
proposal advocating that a relative (age-adjusted) BMI for chil-
dren be used [7]. Because BMI has been shown to increase from 
~6 to ~17 years of age, it was deemed that for each country it 
was necessary to have age- and sex- specific BMI percentiles. 
Even when these criteria are taken into account, the preva-
lence of obesity amongst the pediatric population has often 
been underestimated [8,9].

It is generally accepted that greater levels of physical activity 
are associated with an enhanced health status. It has been re-
ported that physical activity is inversely related to overweight 
and obesity in youth [10]. Physical fitness is generally consid-
ered to be the ability to perform daily tasks without fatigue and 
is commonly assessed with the use of the Eurofit test battery. 
Since its inception, the Eurofit test battery has been widely 
used throughout Europe to assess the effectiveness of physical 
education on child health and to measure the physical fitness 
of schoolchildren. The Eurofit test battery comprises numerous 
health- and performance-related fitness tests, including field 
tests to measure balance, cardio-respiratory (aerobic) endur-
ance, muscular endurance (abdominal and upper body), flexi-
bility, power, speed, agility, and strength [11,12].

There are several studies that show that obesity is associated 
with an inflammatory-like status. Furthermore, such a status is 
generally reported to be associated with early, long-lasting, and 

escalated obesity. Such a heightened inflammatory condition 
has been confirmed by the measurement of several biochem-
ical markers [13]. Obesity should also be regarded as a direct 
risk of metabolic syndrome in children, because an increasing 
number of reports show biomarkers of cardiovascular disease 
already present even in young persons with highly increased 
body mass and body fat [14]. In addition, obesity-derived in-
flammation may lead to severe metabolic problems, includ-
ing renal insufficiency [15], whereas reduction in body mass 
may lead to improvement of vital parameters [16]. It is already 
quite clear that physical exercise and fitness are important fac-
tors reducing risk of metabolic deterioration due to obesity.

Although a number of different types of inflammatory markers 
have been studied in obese subjects [17], IL6 and acute phase 
proteins such as alpha1-acid glycoprotein (AGP) and alpha1-anti-
chymotrypsin (ACT) are relatively well studied and are implicated 
in various inflammatory pathologies. IL6 appears to play a pivotal 
role in the inflammatory cascade [13] and serum concentrations 
of AGP increase during infectious disorders, remodeling, and re-
pair. In addition, the concentration of ACT has been shown to in-
crease during tissue damage and necrosis [18]. Furthermore, the 
glycosylation profiles of AGP and ACT have been shown to be in-
dicative of the physiological inflammatory status and in vivo cyto-
kine balance [18]. Few studies have investigated the relationship 
between physical fitness, obesity, and inflammation in children 
and no such study had been conducted in Poland. The current 
study aimed at delineating this relationship by collating the mea-
surements relating to the aforementioned inflammatory mark-
ers as well as the physical fitness of obese Polish adolescents.

Material and Methods

Study subjects

The cohort study group included 124 children and adolescents 
(63 females and 61 males). According to age, the investigated 
subjects were divided into 2 groups: aged 12–14 years old (23 
females, 28 males) or 15–18 years old (40 females, 33 males). 
All subjects were described as post-pubertal.

Body mass index

A certified electronic scale model was used to record the mass 
of each subject to the nearest 0.1 kg. For each of these mea-
surements, each subject wore light clothing and no shoes. The 
height of each child was measured to the nearest 0.01 m by use 
of a stadiometer. The BMI for each participant was calculated by 
using data obtained for the height and mass of each respective 
subject. Previously published age-specific BMI curves were used 
to determine whether a participating subject was overweight or 
obese. More specifically, subjects were divided according to the 
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recorded BMI as compared to the results obtained for the Polish 
population: 90–97 percentiles or above 97 percentile [19,20].

Physical fitness

The physical fitness of each individual subject was measured 
using the Eurofit test battery. The following physical fitness 
tests were undertaken: flamingo balance (FLB); plate tapping 
(PLT); sit-and-reach (SAR); standing broad jump (SBJ); handgrip 
(HGR); sit-ups (SUP); bent-arm hang (BAH); shuttle run 10×5 m 
(SHR); and 20-m endurance shuttle run (ESR) [11,12,18]. The 
results obtained with the Eurofit test battery were compared 
with the previously published and readily available fitness per-
centiles for Polish adolescents [21]. All data are given in Table 1.

Inflammatory markers

Blood samples were collected from each of the participating 
subjects. Following appropriate coagulation and centrifuga-
tion, the serum from each individual blood sample was isolat-
ed and used for further analysis. More specifically, the concen-
tration of interleukin 6 (IL-6) was determined by ELISA (R&D, 
USA). In addition, the concentration of the following acute-
phase proteins was determined: C-reactive protein (CRP); al-
pha-acid glycoprotein (AGP); and alpha1-antichymotrypsin 
(ACT). These latter concentrations were measured by the es-
tablished methodology of immunoelectrophoresis according to 
Laurell. Antibodies and standard solutions were readily sourced 
from DakoCytomation® (Denmark). Additionally, the glycosyl-
ation profiles of AGP and ACT were analyzed by crossed-af-
finity immunoelectrophoresis with the ligand concanavalin A.

Reference values for acute-phase proteins in children were es-
tablished earlier in the same laboratory, using the same meth-
ods. Sera from healthy children, undergoing routine labora-
tory testing, were used. No extra blood sampling took place.

Statistical analysis

For all variables, Gaussian normality was initially determined 
with the use of readily available statistical tests such as the 

Kolmogorov-Smirnov test for normality. For all generated da-
tasets, average and standard deviation (SD) values were cal-
culated. Data groups were compared using the t-test. The 
Pearson’s test was used to assess any correlation between 
measured variables. In all cases, results were considered sta-
tistically significant with a p value <0.05.

Results

Body mass index

Body mass index (BMI) calculated for the age groups was 
29.1±3.8 for 12–14 years old females and 31.7±3.6 for 12–14 
years old males. For the 15–18age group, it was 31.4±4.2 for 
females and 32.7±4.7 for males. When compared to percentile 
distribution for the Polish population, for females aged 12–14, 
eight were in the 90th–97th percentile and 15 were above the 
97th percentile. For males, the numbers were 8 and 20, respec-
tively. For the group aged 15–18, nine females were in the 
90th–97th percentile and 31 were above the 97th percentile. For 
males, the numbers were 7 and 26, respectively. The vast ma-
jority of the studied population was found to have very high 
BMI, not necessarily higher with age.

Physical fitness tests

The physical fitness of all the enrolled subjects was assessed 
with the Eurofit test battery. The results, divided according to 
age, sex, and BMI percentiles are shown in Table 2, along with 
comparison with the previously published fitness percentile 
table for Polish adolescents [22].

Females ages 12–14 had lower than normal scores in the 
SUP, SBJ, BAH, and ESR tests. In contrast, greater than nor-
mal performance scores were obtained in the FLB, PLT, SAR, 
HGR, and SHR tests. For boys aged 12–14 years, compara-
tively lower than normal performance scores were obtained 
in the SUP, SBJ, BAH, and ESR tests, and a greater than nor-
mal performance score was obtained in the FLB, PLT, SAR, 
and SHR tests.

Group: age 12–14 15–18

Sex Female Male Female Male

IL-6 (pg/L) 	 1.21±0.3 	 1.7±0.3 	 2.3±0.7 	 1.5±04

AGP (mg/L) 	 968±279# 	 1001±312# 	 1252±354# 	 888±212#,*

ACT (mg/L) 	 376±90 	 344±97 	 486±101# 	 474±210

Table 1. Inflammatory parameters for groups divided according to age and sex.

# Statistically significant difference (p<0.05) against healthy, non-obese peers; * statistically significant difference (p<0.05) between 
F/M.
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For females ages 15 to 18 years, comparatively greater than 
normal scores were recorded in the FLB, PLT, SAR, HGR, and 
SHR tests, and boys in the same age group had greater than 
normal test scores in the PLT and SHR assessments. Lower than 
normal test scores were recorded for females ages15–18 in 
the SUP, SBJ, and BAH fitness tests. Male subjects in the same 
age range had lower than normal performance scores in the 
SUP, SBJ, BAH, and ESR tests.

An overview of the results for the Eurofit test battery showed 
that all of the test subjects experienced only minor difficulty 
in performing the flexibility assessment (SAR) test. In contrast, 
both boys and girls found the tests measuring explosive leg 
power (SBJ), functional strength (BAH), and the ability to ac-
celerate and change direction (SHR) very difficult. Male sub-
jects in all age groups generally had performance scores for 
the cardiorespiratory endurance (ESR) test that were well be-
low the normal values previously published for Polish boys. 
With regards to the static arm strength (HGR) test, girls from 
both age groups had superior performance scores compared to 
the fitness percentile tables for Polish adolescents and scores 
for all male subjects were within normal range.

The table also shows Eurofit test elements most affected 
by obesity (ie, those in which the results for subjects in the 

90th–97th percentile were better than for those above the 97th 
percentile. However, the differences were minor and the fitness 
of all investigated subjects was impaired by obesity.

Inflammatory markers

For all studied age groups and sexes, the average IL-6 con-
centration was only slightly greater than the reported normal 
average value of 1.77 pg/mL (Tables 1 and 3). Due to the rel-
atively large standard deviation of all studied subgroups, no 
statistically significant differences could be detected.

Normal serum values for AGP and ACT have been reported to 
be 800±100 mg/L and 400±50 mg/L, respectively [23]. With 
regards to AGP, the concentration of the investigated acute-
phase protein was higher than normal in all studied subgroups. 
A number of AGP variants are known to exist and their distri-
bution in percentage is as follows: W0 (43%), W1 (45%), W2 
(12%), and W3 (2%) [23,24].

With regards to ACT, the serum concentration of this protein 
was within the normal range. For ACT, the following variants 
and respective distributions have been reported: A1 (25%), A2 
(24%), A3 (26%), and A4 (25%) [23,24]. The glycosylation pro-
file of ACT was altered in almost all children.

Age group 12–14 15–18

Sex Female Male Female Male

Flamingo balance test FLB (n=)
0 (¯)
0 (¯)

1 (¯)
0 (¯)

0 (¯)
0 (¯)

0 (¯)
0 (¯)

Plate tapping test PLT (sec)
17.7 (�)
17.6 (�)

18.5 (�)
17.2 (�)

12.0 (�)
13.2 (�)

14.2 (�)
11.6 (�)

Sit-ups test SUP (n=)
10 (¯)
26 (¯)

31 (¯)
28 (¯)

28 (¯)
22 (¯)

38 (¯)
27 (¯)

Sit and reach test SAR (cm)
19 (�)
15 (�)

9 (N)
21 (�)

18 (�)
19 (�)

11 (N)
19 (�)

Standing broad jump test SBJ (cm)
123 (¯)
119 (¯)

146 (¯)
130 (¯)

140 (¯)
117 (¯)

155 (¯)
142 (¯)

Handgrip test HGR (kg)
28.5 (�)
26.0 (�)

29.0 (N)
31.0 (N)

31.8 (N)
32.0 (N)

29.2 (N)
45.8 (N)

Bent-arm hang test BAH (sec)
0 (¯)
0 (¯)

3 (¯)
0 (¯)

0 (¯)
0 (¯)

0 (¯)
0 (¯)

10×5 m shuttle run SHR (sec)
24.9 (�)
26.4 (�)

23.1 (�)
25.5 (�)

25.0 (�)
27.0 (�)

24.0 (�)
24.0 (�)

20 m endurance shuttle run ESR (min)
18.5 (¯)
13.0 (¯)

37.5 (¯)
17.0 (¯)

34.0 (N)
23.0 (¯)

41.0 (¯)
33.0 (¯)

Table 2. �Age, sex, and physical fitness results for the study population group, for subjects with BMI 90–97 percentile and below – for 
BMI >97 percentile.

Results were compared to previously published fitness percentile tables. � – denotes greater than normal; ¯ – denotes less than 
normal; N – designates a normal value. Tests most affected by obesity are given in bold.
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The distribution of distinctly glycosylated variants of AGP and 
ACT is shown in Figure 1. The increase of percentages of variants 
strongly reactive with concanavalin A is noticed mainly for males.

Twelve to 14 years age group

When the concentration values of the examined inflammato-
ry markers in the 12–14 years age group were compared, no 
statistically significant differences could be discerned between 
the two sexes. When children within this age range were sub-
divided according to BMI percentages, no statistically signifi-
cant differences between the concentration values of inflam-
matory markers could be observed, but a tendency to lower 
acute phase proteins concentrations could be seen in males. 
All correlations observed between inflammatory markers and 
physical fitness measures in this group are shown in Table 4.

Fifteen to 18 years age group

In the 15–18 years age group, the IL-6 concentration and AGP 
serum concentration value were significantly greater in fe-
males compared to males (p=0.02). Furthermore, the value 
was significantly greater in the 15–18 years age group com-
pared to younger subjects. Statistically significant increases in 
ACT concentration occurred across both sexes when the val-
ues in the 15–18 years age group were compared to those in 
the younger groups. The concentration of both investigated 
acute-phase proteins did not differ in healthy individuals from 
values observed previously [25], but were increased in obese 
children, particularly in girls.

The glycosylation profile of AGP in healthy children was not 
equal to previously reported images observed in adults: the 
percentage of the W0 variant, non-reactive to ConA, was higher, 

Group: age 12–14 15–18

Sex Female Male Female Male

Percentile of BMI 90–97% >97% 90–97% >97% 90–97% >97% 90–97% >97%

IL-6 (pg/L) 1.2 1.1 1.8 1.7 2.2 2.3 1.7 1.3

AGP (mg/L) 1108±321 908±250 1578±327 940±250 930±223 1333±281 904±238 896±260

W0 (%) 44 44 46 41 43 39 41 38

W1 (%) 43 44 40 43 39 43 44 43

W2 (%) 12 10 13 13 15 15 12 16

W3 (%) 1 1 1 3 2 2 2 3

ACT (mg/L) 382±174 373±97 504±139 328±100 371±136 515±187 494±130 468±118

A1 (%) 26 28 18 30 24 26 24 23

A2 (%) 31 33 26 32 40 30 31 30

A3 (%) 22 21 26 23 20 23 26 23

A4 (%) 13 10 23 10 13 16* 13 18

A5 (%) 8 7 7 4 2 5 5 5

Table 3. �Sex, age, concentration of selected inflammatory markers as well as the distribution profile of glycosylated acute phase 
proteins for study population subgroups.

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

AGP variants distribution

ACT variants distribution

F 12–14 F 15–18 M 15–18

W3
W2
W1
W0

A5
A4
A3
A2
A1

M 12–14

F 12–14 F 15–18 M 15–18M 12–14

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

Figure 1. �Dstribution of distinctly glycosylated variants of acid 
alpha1-glycoprotein (AGP) and antichymotrypsin (ACT) 
in children divided according to age and sex. Variants 
of lower numbers are less Concanavalin A reactive, 
variants with higher numbers are more reactive.
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and the W3 variant, non-present in healthy adults, was ob-
served. Obesity was accompanied with a profile typical for 
acute inflammatory conditions in adults, and the intensity of 
this feature increased with BMI.

In healthy children aged 12–14 years, ACT concentration was 
lower than previously reported in adults; this feature was also 
reported earlier by us [25]. An increase in ACT concentration 
takes place first in the post-pubertal period, thus concentra-
tions observed in healthy teenagers ages 15–18 did not differ 
from those observed in adults. Obesity in general increased 
ACT concentration, but higher BMI percentile was not associ-
ated with higher values.

The glycosylation profile of ACT showed in healthy children an 
extra A5 variant, observed in adults only during particularly 
acute inflammatory conditions (e.g., trauma, burn, severe bac-
terial infection). Its percentage increased in obese children. The 
most expressed shift towards acute inflammatory image (in-
crease of ConA reactivity) was noticed for girls and boys ages 
12–14 years with BMI in the 90–97 percentiles.

Fitness and inflammation

When physical fitness tests results were compared to the pres-
ence of inflammatory markers, a number of significant corre-
lations were found (Table 4).

Significant (p<0.05) correlations were observed between low 
physical fitness scores and increased inflammatory parame-
ters. Negative correlations were observed for FLB, BAH, and 

SBJ tests, whereas more positive correlations were found for 
SAR and SUP tests. There were no correlations at all for SHR, 
HGR, and ESR tests. Static strength and endurance were not 
affected by obesity.

Discussion

The Eurofit fitness test battery was developed as a standard-
ized test for measuring the physical fitness of schoolchildren 
[21]. Deforche et al reported that the physical fitness scores 
of non-obese subjects were generally superior to those of 
obese participants [26]. This is concordant with the results of 
the current study, in which lower than normal fitness scores 
were generally recorded for overweight and obese Polish chil-
dren compared to those normally achieved. This finding was 
generally consistent across all studied age groups. Ara et al. 
(2010) reported that the level of physical fitness was inverse-
ly related to adiposity [27] and that adipose tissue deposition 
is reduced when health is characterized by average or above 
average physical fitness measures.

The results of the current study indicate that children with 
increased adiposity are characterized by a somewhat abnor-
mal immune status. The IL-6 concentration was only slightly 
greater than normal (Tables 1 and 3) in most studied individ-
uals, but the AGP concentration was significantly higher than 
normal in all of the population subgroups. Furthermore, the 
glycosylation profiles of AGP and ACT were characteristic of 
the presence of a systemic immune reaction. Although a num-
ber of reports have been published describing the presence 

FLB PLT SUP SAR SBJ HGR BAH SHR ESR

IL-6 –0.62## –0.76** 0.73**

AGP 0.46* 0.53## –0.48#

W0% 0.61** –0.49##

W1% 0.44#

W2% –0.67** –0.53##

W3% –0.43**
0.56*
0.46##

ACT 0.50## 0.63#

A1%

A2%

A3% –0.48**

A4% –0.46##

A5% –0.47**

Table 4. �Numerical correlation values of inflammatory and physical fitness measures. Only statistically significant (p<0.05) correlations 
are given.

* Female 12–14 years; ** female 15–18 years; # male 12–14 years; ## male 15–18 years.
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of various acute-phase proteins in the serum of obese adults 
[28], such data is scarcer for children or adolescents. The col-
lated results indicate that an increased level of fatness may 
result in a general and systemic inflammatory-like status and 
this is strengthened by correlations between the various in-
flammatory markers, physical fitness measures, and adiposi-
ty assessments. It has been reported that various inflammato-
ry markers are increased in overweight or obese patients with 
metabolic syndrome [17,29]. In the current study, the degree 
of adiposity appeared to have a negative impact on physical 
fitness scores; these scores, in turn, appeared to be correlated 
in some instances with the investigated acute-phase proteins.

The concentration of AGP correlated positively with SUP (show-
ing strength of the trunk or muscle endurance), but negatively 
with FLB or PLT (showing balance and speed). It could be con-
cluded that obesity-driven inflammatory status had greater 
effect on the neural/psychic elements of fitness, and less ef-
fect on the pure muscle component. Handgrip was stronger in 
most investigated subjects, showing the known positive impact 
of larger body mass on strength. Higher muscle strength was 
previously reported in overweight individuals [30].

In general, explosive strength was negatively correlated with 
inflammatory parameters, whereas static strength was posi-
tively correlated. No influence on endurance could be shown; 
the results obtained were very low in comparison to the Polish 
population with normal body mass.

No differences due to BMI were observed, but all investigat-
ed subjects had high BMI and showed equal alterations in in-
flammatory markers, as compared to healthy non-overweight 
or obese subjects.

No differences according to sex were observed in the 12–14 
age group, whereas for the 15–18 age group AGP concen-
tration differed significantly (p=0.01). Lower value does not 
necessarily mean better status, as a more acute inflammato-
ry pattern of both AGP and ACT variants was observed in the 
older male group. Acute-phase proteins may play an anti-in-
flammatory role and non-increased concentration may mean 
no protection. Worse results of fitness tests in these individ-
uals may also indicate that compensation of excessive fat tis-
sue is inadequate in older males.

Results of some Eurofit test elements (ESR and SHR) may to 
some extent be compared to cardiovascular fitness (CVF), re-
ported by several authors. In overweight or obese children, 
CVF correlated negatively with C-reactive protein (CRP) con-
centration, C3, and C4 [31,32].

CRP was also reported to correlate negatively with adiposi-
ty (BMI or body fat) [33]. Other studies showed reduction of 

CRP concentration upon regular physical exercise leading to 
body mass reduction [34]. In our studies CRP was not inves-
tigated, instead we measured 2 other acute-phase proteins 
concentrations, which were also reported to be directly IL-6 
dependent. Both showed increased concentrations, depen-
dent on overweight degree and their concentrations corre-
lated positively with increasing muscle strength. It has been 
postulated that IL-6 may not only be regarded as a pro-in-
flammatory agent, but that its biological effect may in fact be 
beneficial, causing increased insulin sensitivity of the muscles 
and leading to production of anti-inflammatory substances 
such as acute-phase proteins [35]. IL-6 may be produced in 
the muscles themselves, increasing glucose availability via 
stimulation of insulin production [34]. Thus, the inflamma-
tory markers are probably to some extent combined with in-
creased work load needed to move increased body mass in 
overweight children. It seems important, however, that af-
ter a given level of disturbances is noticed, no compensa-
tion is possible and inflammatory reaction starts to be po-
tentially dangerous.

Fit though obese children showed normal inflammatory val-
ues, whereas obese and non-fit children had increased levels 
of inflammatory parameters [33,36]. In our studies overweight 
girls aged 12–14 years showed no deterioration of physical fit-
ness, whereas obese boys aged 15–18 were no more fit and 
showed high inflammatory values. Thus, both these parame-
ters should always be taken into consideration when describ-
ing inflammatory markers in overweight children. As long as 
physical fitness is not affected, increased concentrations of IL-
6, CRP, or other acute-phase proteins may have homeostatic 
significance as the sign of an anti-inflammatory effect of IL-6. 
If fitness deteriorates, body mass probably increased to the 
level of decompensation, and then alterations in the glycosyl-
ation profiles of acute phase proteins may be observed. This 
feature should be regarded as potentially harmful.

Conclusions

In conclusion, we found that the degree of obesity (BMI) and 
the age influence the physical fitness scores of children. More 
specifically, an older child characterized by a large BMI value 
will have suboptimal physical fitness test scores. In general, 
such a child is differentiated by acute-phase proteins that are 
glycosylated to a pattern indicative of an inflammatory status. 
The Eurofit and protein analysis results of female subjects ap-
peared to be less influenced by the degree of fatness. This may 
indicate that girls are more resistant to the negative effect of 
an increased adiposity status. Because the adiposity of chil-
dren appears to be related to their inflammatory status, this 
finding may explain the future emergence of various immune-
type pathologies and diseases in such individuals.
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