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Abstract
Aim: This study aimed to evaluate the concentrations of plasma pentraxin-3 (PTX-3), growth differentiation 
factor-15 (GDF-15), interleukin-6 (IL-6), and tumor necrosis factor-α (TNF-α) before and after national and 
international competitions, which represent physically and psychologically intense exercises for elite and young 
male cyclists, who are endurance athletes.
Material and Methods: Eight young male and eight elite male cyclists participated in the study, conducted during 
two national and international races. The first race covered 116.4 km, and the second covered 122.5 km. Blood 
samples were collected before the competition, immediately after the race, and 1 hour and 3 hours post-race. 
The levels of PTX-3, GDF-15, IL-6, and TNF-α in the samples were analyzed using the ELISA method.
Results: The PTX-3 level in elite athletes was lower 3 hours after the competition compared to 1 hour after the 
race (p<0.05). GDF-15 levels in elite athletes were higher 1 and 3 hours after the race compared to before and 
immediately after the competition but decreased 3 hours after the competition (p<0.05). In young athletes, 
GDF-15 levels were higher immediately after, as well as 1 and 3 hours post-race, compared to pre-competition 
levels (p<0.05). IL-6 levels in both young and elite athletes were higher immediately after and 1 hour post-race, 
compared to pre-competition levels (p<0.05). No significant changes were observed in TNF-α levels (p>0.05).In 
conclusion, in professional road cyclists, significant changes in GDF-15 and IL-6 levels were observed in response 
to competition, while PTX-3 and TNF-α levels remained unchanged.
Discussion: To determine the causes and sources of the change in these markers, more detailed molecular-level 
studies are needed, especially with experimental animals.
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Introduction
The pentraxin superfamily is divided into two subfamilies: short and long 
pentraxins. C-reactive protein (CRP) and serum amyloid P (SAP) form the 
short pentraxin branch of the family. The normal plasma concentration 
of PTX-3 is 0.25–3 ng/ml. CRP and SAP indicate the systemic response 
to local inflammation by being produced and released in hepatic 
hepatocytes, while PTX-3 indicates the inflammatory state of the 
vascular structure as it is released directly from the damaged tissue. 
PTX-3 expression increases during inflammation, and circulating 
levels of PTX-3 rise in various pathological conditions affecting the 
cardiovascular system, including vasculitis, acute myocardial infarction 
(MI), rheumatoid arthritis, and systemic inflammatory response 
syndrome/septic shock. Serum levels begin to rise immediately 
after the onset of inflammation, reaching a maximum value within 
approximately 7.5 hours, and return to normal within 3–5 days. PTX-3 
levels in the blood can increase dramatically from less than two ng/ml 
to 200–800 ng/ml during inflammatory conditions and active disease. 
This increase occurs much faster than the rise in CRP levels, making 
PTX-3 a useful early marker of inflammation.
PTX3 plays a role in the progression of cardiovascular diseases (CVD) 
through mechanisms such as exacerbating vascular endothelial 
dysfunction, affecting angiogenesis, and regulating inflammation 
and oxidative stress. For this reason, PTX-3 can be used as an early 
marker of inflammation [1]. Clinically, PTX3 shows a positive correlation 
with arterial hypertension, current-mediated dilatation, and intima-
media thickness. Therefore, the role of PTX3 in the pathogenesis and 
evaluation of endothelial dysfunction is obvious, and it may become a 
biomarker in this direction [2].
Growth differentiation factor-15 (GDF-15) belongs to the transforming 
growth factor-beta (TGF-β) superfamily and acts as a hormone 
or a stress-sensitive circulating factor. GDF-15 is a protein with a 
molecular weight of 25 kDa. Its physiological concentration in humans 
is approximately 450 pg/ml. Circulating concentrations of GDF-15 
have been shown to increase in various pathological conditions, 
such as metabolic diseases, inflammation, heart failure, and cardiac 
hypertrophy. GDF-15 production increases in response to various 
stimuli, including oxidized low-density lipoprotein (ox-LDL) cytokines 
such as IL-1β, TNF-α, angiotensin II, TGF-β, and M-CSF. GDF-15 appears to 
act as an anti-inflammatory factor by inhibiting macrophage activation. 
Its expression is induced by mitochondrial dysfunction following an 
increase in reactive oxygen species (ROS), which accelerates aging by 
damaging essential macromolecules such as DNA, proteins, and lipids. 
Higher plasma GDF-15 concentrations have been reported in individuals 
with Down syndrome, who exhibit accelerated aging compared to healthy 
controls of similar age. As a circulating myokine, GDF-15 increases 
in response to muscle-specific mitochondrial stress and muscle 
dysfunction in humans and various mouse models. Increased GDF-15 
production appears to allow muscle regeneration and remodeling. 
Following mitochondrial stress, increased GDF-15 expression in skeletal 
muscle regulates systemic metabolic homeostasis, increases insulin 
resistance, and affects lipolysis and oxidative metabolism in the liver, 
muscle, and white adipose tissues, thereby protecting against diet-
induced obesity. GDF-15 plays a protective role similar to neuroglia in the 
central nervous system (CNS), supporting the survival of dopaminergic 
neurons and spinal cord motor neurons. GDF-15 is also expressed in 
adipose tissue and secreted by adipocytes. GDF-15 levels positively 
correlate with adiponectin levels and negatively correlate with body 
mass index (BMI) and body fat mass. Obese individuals have increased 
plasma GDF-15 concentrations, with the highest GDF-15 levels observed 

in patients with type 2 diabetes.

General Characteristics of Bicycle Tour Races
Tour races are divided into three main branches: mountain bike, road 
bike, and track (against time) bike. Physiological changes that occur 
in tour races began to be measured scientifically in the early 1990s 
with the use of heart rate monitors. The most common and frequently 
used method is the measurements made during each stage and 
run of different intensities during the race. Usually, identical phases 
are created with the heart rates (HR) detected during the previously 
performed ergometric tests. Measurements made under laboratory 
conditions or during the race have shown that HR and power output 
(W) are related, and it has been shown that the value of W can be 
calculated from HR measurements. With this method, the physiological 
load (TRIMP) produced during the race is calculated and recorded.
Pentraxin-3 and Exercise
Acute aerobic exercise increases systemic PTX-3 concentrations. 
Plasma PTX-3 concentrations have been reported to increase for up 
to 1 hour in response to a single aerobic exercise session. Resting 
PTX-3 concentrations increase in aerobically active people compared 
to sedentary men, and cardiorespiratory fitness levels (VO2max) 
predict acute exercise-induced PTX-3 response following submaximal 
and maximal levels of aerobic exercise. Plasma PTX-3 concentrations 
increased after 8 weeks of habitual moderate aerobic exercise training 
in elderly men and women, and these increases were associated with 
increased VO2max and improved cardiovascular function indices. 
It has been shown that the capacity of acute exercise to increase 
plasma PTX-3 concentrations is similar in normal-weight individuals 
and obese individuals. This suggests that a single aerobic exercise 
session is equally beneficial for obese and normal-weight individuals. 
Also, in response to 12 weeks of aerobic exercise training, high resting 
PTX-3 concentrations have been associated with a decrease in BMI in 
obese and overweight women. From these results, it may be thought 
that increased PTX-3 concentrations may also mediate the anti-
inflammatory effects of aerobic exercise in obese individuals.
Growth Differentiation Factor-15 and Exercise
The role of GDF-15 in regulating energy balance has started to attract 
attention with the demonstration that GDF-15 suppresses food intake. 
Pharmacological and genetic studies have confirmed that GDF-15 
administration reduces body weight largely by reducing appetite. 
Some studies have also suggested that GDF-15 can directly increase 
thermogenesis and improve insulin sensitivity. GDF-15 is expressed 
in many tissues, including skeletal November muscle, and its release 
is usually increased in response to cellular stress or injury. GDF-15 
expression in mouse skeletal November muscle is markedly increased 
in response to mitochondrial stress. Circulating GDF-15 levels are 
elevated in patients with muscle atrophy and mitochondrial myopathy. 
These November Tues indicate that GDF-15 may be released into the 
circulation from skeletal muscle in response to a stress stimulus.
The Effect of Exercise on IL-6 and TNF-α Levels
Initially, IL-6 was described as a pro-inflammatory cytokine. 
Subsequently, the anti-inflammatory properties of IL-6 have also been 
identified.IL-6 is secreted from monocytes, macrophages, fibroblasts, 
and vascular endothelial cells. When released from macrophages, 
it shows a pro-inflammatory effect by following the NF-кB signaling 
pathway. When IL-6 is released from skeletal muscle, it exerts anti-
inflammatory action by following the Ca/NFAT and MAPK pathways. 
An increase in IL-6 levels due to exercise has a suppressive effect on 
inflammation. An increase in the level of IL-6 due to the secretion of 
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macrophages has an effect that triggers systemic inflammation.

Material and Methods
Participant Selection
The study was conducted with two groups of cyclists from the 
TorkuŞekerspor Cycling Team. The first group consisted of elite male 
cyclists aged 20–36, and the second group consisted of young male 
cyclists aged 17–18.
Before the study began, athletes were informed about the study, and 
they signed an informed consent form. All participants had a body 
mass index (BMI) below 25. None of the participants had any acute 
or chronic illnesses, and none had smoking or alcohol consumption 
habits. Additionally, no participants were using anti-inflammatory or 
steroid-like medications.
For inclusion in the study, athletes in the first group were required to 
have participated in a training program for at least two years, with 
three training sessions per week lasting an average of 2 hours each 
day at an intensity of 15–16 on the Borg scale. For athletes in the 
second group, the same criteria applied, but for a minimum of one 
year. Participants who did not meet these training requirements were 
excluded from the study.
This study was conducted during two different races.
1. The first race was the 116.4 km International Mevlana Cycling Tour, a 
stage race in Konya. Blood samples were collected from the eight elite 
male cyclists (Group 1) before the competition, immediately after the 
race, and 1 and 3 hours post-race.
2. The second race was the 122.5 km National Individual Classification 
Konya Stage, organized by the Turkish Cycling Federation. Blood 
samples were collected from the eight young male cyclists (Group 2) 
before the competition, immediately after the race, and 1 and 3 hours 
post-race.
Anthropometric Measurements
Before the study began, anthropometric measurements of the 
athletes were taken. Height was measured in centimeters (cm) using 
a stadiometer while the athletes stood in an anatomical position, 
wearing sports clothing but no shoes. Body weight was measured in 
kilograms (kg) using a digital scale. The body mass index (BMI) was 
calculated using the formula BMI = weight (kg) / height (m²).
Laboratory Analyses
Analysis of PTX-3 Levels
Plasma PTX-3 levels were measured using a commercially available 
ELISA kit (Catalog No: MBS772804, MyBioSource ELISA Kits, USA), 
following the protocol provided with the kit. This kit was a ready-to-
use solid-phase enzyme-linked immunosorbent assay (ELISA) kit that 
worked based on the sandwich principle. PTX-3 levels were expressed 
as ng/ml. For this kit, the intra-assay coefficient of variation (CV) was 
less than 10%, the inter-assay CV was less than 15%, and the minimum 
detection limit was 0.1 ng/ml.
Analysis of GDF-15 Levels
Plasma GDF-15 levels were analyzed using an Invitrogen ELISA kit 
(Catalog No: BMS2258, Vienna, Austria). Analyses were performed 
according to the instructions provided with the kit. GDF-15 levels were 
expressed as pg/ml. For this kit, the intra-assay CV was 4.2%, the inter-
assay CV was 2.9%, and the minimum detection limit was 0.589 pg/ml.
Analysis of IL-6 Levels
Plasma IL-6 levels were analyzed using an Invitrogen ELISA kit (Catalog 
No: BMS213-2, Vienna, Austria), following the kit’s instructions. IL-6 levels 
were expressed as pg/ml. The intra-assay CV was 3.4%, the inter-assay 
CV was 5.2%, and the minimum detection limit was 0.92 pg/ml.
Analysis of TNF-α Levels
Plasma TNF-α levels were analyzed using an eBioscience ELISA kit 

(Catalog No: BMS223-4, Vienna, Austria). Before analysis, all reagents 
and samples were brought to room temperature. TNF-α levels were 
expressed as pg/ml. For this kit, the intra-assay CV was 6.0%, the inter-
assay CV was 7.4%, and the minimum detection limit was 2.3 pg/ml.
Statistical Analysis
The data obtained from the study were analyzed using SPSS 16.0 for 
Windows (Chicago, IL, USA). Comparisons were made between the 
elite cyclist group (Group 1) and the young cyclist group (Group 2), as 
well as within the groups themselves. Data were presented as mean 
± standard deviation. The normality of the data was tested using the 
Shapiro-Wilk test. The Mann-Whitney U test was used for comparisons 
between groups and repeated-measures ANOVA was used for within-
group comparisons. p<0.05 was considered statistically significant.
Ethical Approval
This study was approved by the Ethics Committee of Non-Interventional 
Clinical Trials (Date: 2017-03-08, No: 2017/05).

Results
Demographic characteristics of the groups: the age of the 2nd group 
is lower than the 1st group (p<0.05). There was no difference in height, 
weight, and BMI (p>0.05).
The PTX-3 values and their time-dependent changes for the groups are 
presented in Table 1 and Figure 1. In Group 1, the PTX-3 value at 3 hours 
post-race was lower than at 1-hour post-race (p<0.05). There was no 
difference in PTX-3 levels between the groups (p>0.05).
The GDF-15 values and their time-dependent changes for the groups 
are presented in Table 2 and Figure 2. In Group 1, GDF-15 levels at 1 
and 3 hours post-race were higher than pre-race and immediately 
post-race levels, while the GDF-15 level at 3 hours post-race was lower 
than at 1-hour post-race (p<0.05). In Group 2, GDF-15 levels immediately 

Table 3. IL-6 levels of the groups and time-dependent changes

Table 2. GDF-15 levels of the groups and time-dependent changes

Table 1. PTX-3 levels of the groups and time-dependent changes

PTX-3 Pre-Competition Immediately After
1 Hour 

Post-Competition
3 Hours 

Post-Competition

Group 1 
(n=8) 1.21±0.34 1.06±0.18 1.08±0.16 1.02±0.16C

Group 2 
(n=8) 0.97±0.28 0.92±0.28 0.95±0.29 0.88±0.21

PTX-3: Pentraxin-3. All data are presented as mean ±SD. C indicates p<0.05 compared to 1 hour 
post-competition

GDF-15 Pre-Competition Immediately After
1 Hour 

Post-Competition
3 Hours 

Post-Competition

Group 1 
(n=8) 110.98±22.32 107.46±23.32 139.26±27.33ab 128.97±15.22abc

Group 2 
(n=8) 107.65±10.89 128.69±20.72a 153.15±18.60a 142.29±11.92a

GDF-15: Growth Differentiation Factor-15. All data are presented as mean ±SD. a p<0.05 compared to 
pre-competition, b p<0.05 compared to 1-hour post-competition, and c p<0.05 compared to 3 hours 
post-competition

IL-6 Pre-Competition Immediately After
1 Hour 

Post-Competition
3 Hours 

Post-Competition

Group 1 
(n=8) 2.25±0.41 4.65±1.41a 3.09±0.92a 2.72±0.66b

Group 2 
(n=8) 2.81±1.44 6.81±1.94a 6.07±2.42a 4.75±2.23a

IL-6: Interleukin-6. All data are presented as mean ±SD. a p<0.05 compared to pre-competition, b 
p<0.05 compared to immediately after competition
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after and at 1 and 3 hours post-race were higher than pre-race levels 
(p<0.05). There was no difference in GDF-15 levels between the groups 
(p>0.05).
The IL-6 values and their time-dependent changes for the groups are 
presented in Table 3 and Figure 3. In Group 1, IL-6 levels immediately 
post-race and 1-hour post-race were higher than pre-race levels 
(p<0.05). The IL-6 level at 3 hours post-race was lower than immediately 
post-race levels (p<0.05). In Group 2, IL-6 levels were higher immediately 
after and 1 and 3 hours post-race, compared to pre-race levels (p<0.05). 
There was no difference in IL-6 levels between the groups (p>0.05).
There were no differences in TNF-α levels in terms of time or between 

the groups (p>0.05).

Discussion
Demographic characteristics of the groups: the age of the 2nd group 
is lower than the 1st group (p<0.05). There was no difference in height, 
weight, and BMI (p>0.05).
The PTX-3 values and their time-dependent changes for the groups are 
presented in Table 1 and Figure 1. In Group 1, the PTX-3 value at 3 hours 
post-race was lower than at 1-hour post-race (p<0.05). There was no 
difference in PTX-3 levels between the groups (p>0.05).
The GDF-15 values and their time-dependent changes for the groups 
are presented in Table 2 and Figure 2. In Group 1, GDF-15 levels at 1 
and 3 hours post-race were higher than pre-race and immediately 
post-race levels, while the GDF-15 level at 3 hours post-race was lower 
than at 1-hour post-race (p<0.05). In Group 2, GDF-15 levels immediately 
after and at 1 and 3 hours post-race were higher than pre-race levels 
(p<0.05). There was no difference in GDF-15 levels between the groups 
(p>0.05).
The IL-6 values and their time-dependent changes for the groups are 
presented in Table 3 and Figure 3. In Group 1, IL-6 levels immediately 
post-race and 1-hour post-race were higher than pre-race levels 
(p<0.05). The IL-6 level at 3 hours post-race was lower than immediately 
post-race levels (p<0.05). In Group 2, IL-6 levels were higher immediately 
after and 1 and 3 hours post-race, compared to pre-race levels (p<0.05). 
There was no difference in IL-6 levels between the groups (p>0.05).
There were no differences in TNF-α levels in terms of time or between 
the groups (p>0.05).
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