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 From Pre-Season to In-Season: Variations in Fitness  
and Hematological Variables in Elite Soccer Players 
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Several variables are commonly used to monitor soccer players during and off-training; however, how different 
phases of the season influence these variables and their relationship with performance requires further investigation. This 
study aimed to examine how pre-season and in-season soccer periods influence physical fitness as well as hematological 
and inflammatory markers in elite soccer players. Twenty-one soccer players of a second-highest division team in Italy 
(Ternana Football Club) were recruited and tested at three time points: before the pre-season, after the pre-season and in 
the middle of the season (in-season). Fitness tests included countermovement jump (CMJ), 10-meter sprint, repeated 
sprint ability (RSA), and shuttle-running (Yo-Yo IR-2) testing. Blood markers evaluated were hematocrit, C-reactive 
protein (CRP), creatine kinase (CK), lactate dehydrogenase (LDH), and interleukins 6 and 10 (IL-6, IL-10). Training and 
matches were monitored throughout the season via GPS tracking and load indices were derived. A repeated-measures 
MANOVA was used to test differences in the dependent variables among the three time points. Results showed decreased 
performance on the 10-m sprint and RSA, along with elevated inflammatory markers (CK, LDH, IL-6) following the pre-
season. In contrast, in-season data revealed improved fitness performance accompanied by a reduction in IL-6 levels. 
Coherently, a negative correlation was observed between IL-6 variation and RSA performance. These results could help 
the teams' staff to select the most sensitive markers to investigate players' fatigue during the season, offering practical 
insights to optimize individualized recovery strategies and enhance performance. 
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Introduction 

In elite soccer leagues, players actively 
train for about 10–11 months per year (Meckel et 
al., 2018). During the pre-season, players are 
subject to physiologically stressful training 
programs aimed at rebuilding fitness levels after 
the off-season in order to sustain match demands 
in the competitive season (Nobari et al., 2022). 
However, excessive training loads combined with 
insufficient recovery may induce cumulative 
fatigue in athletes, thereby compromising 

performance during the competitive season 
(Ponce-Gonzalez et al., 2021). The competitive 
season comprises micro-cycles consisting of 
training, tapering, competition and recovery, to 
maintain and improve the specific fitness 
components developed during the pre-season, and 
during which one to three matches can be played 
within seven days (Nobari et al., 2022; Ponce-
Gonzalez et al., 2021; Saidi et al., 2021). Recent 
evidence indicates that accumulated weekly 
training loads are directly associated with  
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subsequent match high-intensity performance, 
reinforcing the importance of load distribution 
within the competitive micro-cycle (Asín-
Izquierdo et al., 2026). Professional soccer 
competitions require athletes to perform at 
intensities reaching 80–90% of their maximum 
heart rate or approximately 70–75% VO2max, 
involving numerous explosive movements and 
significant eccentric contractions that result in 
subsequent muscular tissue damage and elevated 
reactive oxygen species production within blood 
circulation and skeletal muscle mitochondrial 
structures (Ponce-Gonzalez et al., 2021).  

These distinct training approaches across 
pre-competitive and competitive phases generate 
varying physiological requirements that, when 
inadequately monitored and controlled, may 
elevate injury susceptibility and performance 
deterioration through accumulated fatigue, tissue 
damage, inflammatory responses, and oxidative 
stress (Nobari et al., 2022; Ponce-Gonzalez et al., 
2021). Therefore, continuous monitoring of 
physiological changes throughout the entire 
season provides useful information to maintain an 
optimal fitness level throughout the competitive 
season and to avoid non-functional overreaching 
or even overtraining (Saidi et al., 2021). In training 
load monitoring, both the external and internal 
load should be assessed to provide a greater 
understanding of the individual stress response 
(Haller et al., 2023; Nobari et al., 2022). To assess 
the internal load, subjective measures (e.g., rate of 
perceived exertion) or objective measures (e.g., 
heart rate) are often used (Haller et al., 2023). Both 
methods are valid and reliable tools for assessing 
training load in soccer players (Haddad et al., 2017; 
Impellizzeri et al., 2004, 2019). However, 
individual and contextual factors, such as daily 
fluctuations in physiological responses or 
accumulated fatigue, may still influence these 
measures and should be considered when 
interpreting internal load data. 

Alternatively, physiological markers such 
as hematological variables have been used to 
objectively determine the internal load 
(Abderrahman et al., 2023; Bekris et al., 2015; 
Clemente et al., 2021; Heisterberg et al., 2013). 
Hematological variables (such as plasma volume, 
hemoglobin, hematocrit, red blood cell count) are 
crucial in regulating body fluids in response to 
physical exertion (Saidi et al., 2021). Their variation  
 

 
can be partly explained by variation in training 
load (Abderrahman et al., 2023), although there is 
inconsistent evidence regarding this dose-response 
relationship. In addition, several inflammatory 
and muscle damage markers (e.g., creatine kinase 
[CK]) have been used to assess inflammation after 
different training periods in elite soccer players. 
For example, Silva et al. (2014) showed significant 
increases in C-reactive protein (CRP) and CK 
activity at the end of the soccer season. Similarly, 
Huggins et al. (2019) and Walker et al. (2019) 
reported higher CK activity in-season compared to 
the beginning of the pre-season. Furthermore, 
Heisterberg and colleagues (2013) reported nearly 
doubled CK values two weeks after the beginning 
of the pre-season period compared to the 
competitive season, suggesting the high stress 
imposed by the resumption of training after the 
transition period. Conversely, Requena et al. (2017) 
found no significant difference in CK levels 
between the end of the previous competitive 
season and the beginning of the following pre-
season period, while a significant reduction in 
lactate dehydrogenase (LDH) activity was 
reported. 

Although the use of hematological and 
inflammatory markers to monitor exercise stress is 
a common practice in elite soccer, it is still 
necessary to determine how performance during 
the pre-season and in-season periods influences 
these physiological markers and what their 
relationship is. Therefore, this longitudinal study 
aimed to assess changes in players' physical 
performance, along with hematological and 
inflammatory markers at the beginning of pre-
season training, at the end of pre-season training 
and in the middle of the competitive season to 
better understand the effect of training and match 
load on these variables.  

Methods 
Study Design  

All athletes were tested before the pre-
season (T0), after the pre-season (T1) and halfway 
through the competitive period (T2), twenty weeks 
after the beginning of the championship (Figure 1).  

Participants 

This investigation enrolled twenty-one 
professional athletes from a team competing in the 
second level of the national professional league  
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system. Participation eligibility required optimal 
health status without confounding physical or 
psychological conditions, pharmacological 
interventions, supplement usage, or therapeutic 
treatments that might affect measurement validity. 
Players who missed more than 10% of the training 
sessions during the competitive season were 
excluded from the study. Written informed 
consent from the athletes was obtained before the 
start of the study. Due to the player transfer market 
and exclusion criteria, seventeen players (age: 29.8 
± 3.9 years, body height: 180.0 ± 6.2 cm, body mass: 
75.4 ± 5.4 kg) were finally considered for the study.  

Ethics 

Participant consent documentation was 
secured prior to the study's commencement. This 
study was conducted following the principles of 
the Declaration of Helsinki, and approved by the 
Ethics Committee of the University Niccolò 
Cusano, Rome, Italy (study protocol number 
MO3/22; approval date: 07 April 2022). 

Measurements 

On each testing day, blood samples were 
collected from the athletes and their fitness 
performance was measured, following the same 
protocol: blood withdrawal (7:00 a.m.), a general 
warm-up (around 9:00 a.m.), a countermovement 
jump test (CMJ), a 20-min specific warm-up, a 10-
m sprint test (10-m sprint), 20-min recovery, a 
repeated sprint ability (RSA) test and a Yo-Yo 
intermittent recovery test level 2 (Yo-Yo IR2), 
performed at 5:00 p.m. after a specific warm-up. 
Physical test procedures were routinely used by 
the team’s staff to assess athletes’ fitness.  
Hematological and Inflammatory Markers Assessment 

Venous blood was drawn from the 
antecubital region using 
ethylenediaminetetraacetic acid-containing tubes, 
subsequently processed via centrifugation (3000 × 
g, 4°C, 10 min), with plasma aliquots preserved at 
−80°C pending analytical procedures. Complete 
blood counts were determined by the CELL-DYN 
Sapphire Automated Hematology Analyzer 
(Abbott). Following the manufacturer's 
instructions, plasma creatine kinase and lactate 
dehydrogenase activities were measured using 
commercial assay kits (Greiner Diagnostic GmbH, 
Bahlingen, Germany). C-reactive protein was 
quantified in serum using a clinical chemistry  
 

 
analyzer in order to obtain a measure of systemic 
inflammation (ILab 650; Instrumentation 
Laboratory, Lexington, Massachusetts, United 
States). Cytokines plasma levels of interleukin-6 
(IL-6) and interleukin-10 (IL-10) were both 
determined using ELISA kits commercially 
available (R&D systems, Minneapolis, Minnesota, 
USA). 

Fitness Assessment 

CMJ—No Arm Swing  

From a vertical standing position, athletes 
performed a countermovement (90° of knee 
flexion) and executed a maximal vertical jump with 
arms held on the hips. Hip, knee and ankle joints 
were fully extended to avoid arm, trunk or leg 
strategies. All athletes performed a total of three 
correct attempts, recorded with an optical 
measurement system (Optojump Next, Microgate 
Srl, Italy), a valid tool for the assessment of CMJ-
derived variables (Comyns et al., 2023). The 
maximum jump height in the three attempts was 
used as the final outcome. 

10-m Linear Sprint 

On the soccer field, athletes were asked to 
perform three trials of a 10-m sprint test. Sprint 
times [ms] were recorded by a photocell system 
(Witty—wireless training timer, Microgate Srl, 
Italy) (Haugen and Buchheit, 2016). Athletes 
performed three trials, with a complete rest 
interval between each attempt, and the best time 
from the three sprints was used for further 
analyses. 

Repeated Sprint Ability  

The repeated sprint ability (RSA) test was 
used to assess the capability to perform repeated 
sprints with incomplete recovery time, which had 
been reported as a relevant variable of soccer 
performance (Rampinini et al., 2009) and a reliable 
measure of sprinting ability in soccer (Wragg et al., 
2000). RSA testing consisted of 7 repetitions of the 
RSA setting (Figure 2) for a total distance of 34.2 m 
for each repetition. A network of two couples of 
photocell systems (Witty— wireless training timer, 
Microgate Srl, Italy) was used to calculate the 
following variables: total time of the seven sprints, 
average sprint time in the seven repetitions (AST), 
the best sprint time among the seven repetitions, 
average change of direction time in the seven  
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repetitions, the lowest change of direction time 
among the seven repetitions. Change of direction 
times referred to the time needed to cover the 
distance between the first and last change of 
direction for each repetition. In addition, the 
fatigue index (FI [%] = ((total sprint time/(lowest 
sprint time × 7)) × 100) − 100) was calculated to 
evaluate athletes’ capability to respond to sprint-
induced fatigue (Perroni et al., 2023).  

Yo-Yo IR2  

The Yo-Yo intermittent recovery test level 
2 is a test performed to volitional exhaustion used 
to assess the aerobic capacity of athletes during 
intermittent exercise. It is considered a valid test 
for professional soccer players (Ingebrigtsen et al., 
2012). The test consists of 20-m shuttle runs at 
increasing speed, with 10 s of active recovery every 
40 m. The required speed for each shuttle (starting 
at 13 km/h and gradually increasing) was provided 
by an acoustic device. A heart rate device (K-shirt, 
K-Sport Srl, Italy) was used to ensure that players 
reached their maximal effort during the test. The 
final distance covered by each athlete was 
calculated to indirectly estimate VO2max using the 
following equation (Bangsbo et al., 2008): VO2max 
(mL/min/kg) = Yo-Yo IR2 distance (m) × 0.0136 + 
45.3 

Training Monitoring 

External workload quantification 
employed GPS technology (K-50 system, K-Sport 
Srl, Italy, 50-Hz sampling rate) across all sessions 
and competitive matches, encompassing 
supplementary activities for non-starting players. 
Workload metrics encompassed temporal 
duration, locomotor coverage (total distance 
covered), velocity-specific movements (16–20, 20–
24, >24 km·h⁻¹ zones), metabolically demanding 
displacements (metabolic power exceeding 20 
W·kg⁻¹), energetic output (mean metabolic power), 
and neuromuscular stress indicators (accelerations 
≥2 m·s⁻², decelerations ≥−2 m·s−²), providing 
comprehensive training stimulus assessment 
consistent with established methodologies 
(Castagna et al., 2017). During the data collection, 
players were asked to rate their perceived recovery 
each morning using the 11-point Perceived 
Recovery Status scale (Laurent et al., 2011). The 
descriptors were: "not at all recovered" at 0, 
"moderately recovered" at 5, and "fully recovered"  
 

 
at 10 points. 

Statistical Analysis 

Data were reported as mean and standard 
deviations, or median [q1–q3] where appropriate. 
Data distribution normality verification employed 
the Shapiro-Wilk assessment, while sphericity 
assumptions were evaluated through the 
Mauchly's procedure, with Greenhouse-Geisser 
adjustment implemented when assumption 
violations occurred.  

Players’ Training Load Data Analysis  

To analyze each player’s training load data 
(collected with GPS), morning and afternoon 
sessions were summed up (or averaged, where 
appropriate). A linear mixed model analysis was 
then used to compare GPS measures at three 
different occasions: training during the pre-season 
period, training during the competitive period and 
matches.  

Hematological and Inflammatory Data Analysis 

A multivariate analysis of variance 
(MANOVA) for repeated measures was used to 
test the differences in hematological variables 
among the three times (before the pre-season 
period, T0; after the pre-season period, T1; halfway 
through the competitive period, T2). Within-
subjects contrasts were considered to explore the 
differences between T1 vs. T0 and T2 vs. T1.  
Physical Fitness Data Analysis 

The same MANOVA procedure, together 
with within-subject contrasts, was applied to 
assess changes in physical performance variables 
across the three time points (T0, T1, T2).  

The partial eta squared (η2p) was 
considered as an effect size measure and 
interpreted as η2p = 0.01: small effect; η2p = 0.06: 
medium effect; η2p = 0.14: large effect. Relationships 
between variations in physical and hematological 
variables (for each time separately, and for delta 
T1–T0 and T2–T1) were assessed using Pearson’s 
correlation coefficients (r), and interpreted as 
follows: 0.1 ≤ r < 0.3 = small, 0.3 ≤ r < 0.5 = moderate, 
r ≥ 0.5 = large. A post-hoc power analysis was 
conducted using G*Power software (version 
3.1.9.6, University of Kiel, Germany). The analysis 
was based on a predefined alpha level (two-tailed, 
α = 0.05), a sample size of 17 participants (n = 17), 
and an estimated effect size f. A MANOVA model 
with time as a repeated measure (T0, T1, T2) and a  
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single group was used, representing a longitudinal 
design without between-group stratification. The 
analysis yielded a partial eta squared of 0.55 and 
an average correlation among repeated measures 
of 0.7. Based on these variables, the estimated 
statistical power (1-β) was approximately 1, 
indicating that the sample size was adequate to 
support the findings of this study. The analyses 
were conducted using the Statistical Package for 
Social Sciences (SPSS) v.29 or RStudio 2023.12.1, at 
the standard level of statistical significance set at 𝛼 
= 0.05. 

Results 
Training load measures collected during 

pre-season and in-season periods are reported in 
Table 1.  

All measured training variables 
demonstrated substantial variations when 
comparing pre-competitive and competitive 
phases, with competitive period sessions 
exhibiting reduced total training volumes. Matches 
showed lower total time and distance covered than 
training sessions, but greater high-intensity work 
(more distance over 16 km/h, high-metabolic 
intensity distance and higher average metabolic 
power). Figure 3 shows the external training load 
(expressed as total distance) and the recovery 
score, computed as the mean of the players, for 
each training day of the analyzed period.  

Regarding hematological variables, 
significant increases in inflammatory (IL-6) and 
muscle damage (CK and LDH) markers were 
reported at T1 (end of the pre-season period) 
(Table 2). No major changes were reported for the 
other measures. 

Several significant changes were detected 
in physical performance tests (Table 3). In 
particular, an improvement in maximal oxygen 
uptake estimated by the Yo-Yo IR2 test was 
reported, both at T1 and T2. Conversely, a 
reduction in performance in the 10-m sprint time 
and RSA indices was reported at T1, which was 
recovered at T2 only for the 10-m sprint time and 
the lowest RSA sprint time. 
To explore whether variations in hematological 
variables could be associated with physical 
performance measures, correlations considering 
the delta (T1–T0 and T2–T1) data were computed. 
Significant correlations were found only at T2–T1 
for IL-6, of which variation was positively  
 

 
associated with RSA measures (average sprint 
time: r = 0.52, p = 0.032; average change of direction 
time: r = 0.58, p = 0.016; lowest change of direction 
time: r = 0.61, p = 0.010). Although not significant, 
moderate correlations with IL-6 changes were also 
reported with variations in CMJ performance (r = 
−0.46, p = 0.063) and repeated sprint ability total 
time (r = 0.47, p = 0.058). 

Discussion 
The present longitudinal study aimed to 

assess physical performance as well as 
hematological and inflammatory variables of 
soccer players at the beginning of the pre-season 
(T0), at the end of the pre-season (T1) and halfway 
through the competitive period (T2). The main 
results showed a decrease in the 10-m sprint time 
and repeated sprint ability indices at the end of the 
pre-season period, and increases in inflammatory 
and muscle damage markers supported these 
findings. On the other hand, there was a significant 
progressive improvement in the estimated 
maximal oxygen uptake from the beginning of the 
pre-season period to the middle of the competitive 
period, with a trend towards a decrease in 
inflammatory and muscle damage markers from 
the end of the pre-season to the mid-season. 

Inflammatory Markers 

The results of this study showed a 
significant increase in creatine kinase (CK) and 
lactate dehydrogenase (LDH) activity at the end of 
the pre-season compared to the beginning of it, 
followed by a decrease at the mid-season, although 
not significant. It seems possible that these results 
are due to the intense training loads and a higher 
number of high-intensity accelerations and 
decelerations during the pre-season period, which 
may have caused muscle damage, resulting in 
increased activity of CK and LDH (Gastin et al., 
2019). 
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Table 1. Training load measures per day (if two training sessions were performed in a single day, 
data were summed/averaged). Data are reported as median [Q1–Q3]. 

Variable 
Pre-season 

period 

In-season 
period 

Training Match 

Time (min) 
67.5  

[42.3–90.1] 
59.0 a 

[48.3–73.6] 
47.3 a,b 

[19.0–88.8] 

Total distance (m) 
6383.9  

[3116.7–8446.8] 
4369.1 a 

[3657.1–5739.4] 
4959.5 a,b 

[2640.5–9497.7] 

Distance 16–20 (m) 
549.0 

[220.5–937.0] 
344.0 a 

[233.0–556.0] 
676.0 b 

[373.5–888.8] 

Distance 20–24 (m) 
167.5 

[56.0–323.5] 
137.5 a 

[69.0–241.0] 
347.5 a,b 

[204.0–556.3] 

Distance >24 (m) 28.5 
[1.0–98.0] 

23.0 a 
[1.0–67.3] 

98.0 a,b 
[17.8–194.3] 

Distance MPHI (m) 
1226.6 

[643.1–2067.9] 
951.0 a 

[688.6–1400.7] 
1629.3 b 

[1011.7–2252.9] 

High Intensity Accelerations (n) 
79  

[49–119] 
75 a 

[54–99] 
61 a 

[40–116] 

High Intensity Decelerations (n) 
64 

[36–103] 
60 a 

[41–80] 
63 

[17–118] 

Avg Metabolic Power (w/kg) 
8.1 

[6.7–10.4] 
7.6 a 

[6.3–9.5] 
10.5 a,b 

[9.9–11.8] 
MPHI: Metabolic Power High-Intensity; a: significantly different from “Pre-season period”; b: significantly different 

from “In-season Training” 
 
 

Table 2. Physical fitness variables at the three time points. 
Variable T0 T1 T2 p η2p 
CMJ (cm) 40.84 ± 5.30 39.91 ± 4.85 39.81 ± 5.12 0.044 0.177 

10-m sprint (s) 1.68 ± 0.05 1.78 ± 0.05 a 1.68 ± 0.05 b <0.001 0.780 
℮ VO2max  

(ml·kg−1·min−1) 56.09 ± 2.36 57.89 ± 2.20 a 58.41 ± 1.90 b <0.001 0.488 

RSA: TT (s) 42.17 ± 1.32 43.28 ± 1.34 a 42.44 ± 1.43 <0.001 0.485 
RSA: AST (s) 6.03 ± 0.18 6.18 ± 0.19 a 6.06 ± 0.19 <0.001 0.522 
RSA: LST (s) 5.75 ± 0.17 5.98 ± 0.19 a 5.92 ± 0.24 b <0.001 0.730 
RSA: FI (%) 4.53 ± 2.50 3.28 ± 1.06 3.07 ± 1.04 0.044 0.177 

RSA: ACDT (s) 2.46 ± 0.10 2.61 ± 0.10 a 2.60 ± 0.09 <0.001 0.766 
RSA: LCDT (s) 2.35 ± 0.10 2.52 ± 0.11 a 2.53 ± 0.11 <0.001 0.859 

CMJ: countermovement jump; RSA: repeated sprint ability; TT: total time; AST: average sprint time; LST: lowest 
sprint time; FI: fatigue index; ACDT: average change of direction time; LCDT: lowest change of direction time;  

a significantly different from T0; b significantly different from T1 
 
 

Table 3. Hematological variables and inflammatory markers at the three time points. 
Variable T0 T1 T2 p η2p 
Ht (%) 43.75 ± 3.03 43.44 ± 2.77 43.85 ± 2.36 0.553 0.036 

CRP (mgr/dl) 0.15 ± 0.02 0.13 ± 0.02 0.16 ± 0.02 b 0.012 0.278 
CK (U/L) 253.35 ± 159.29 355.06 ± 173.69 a 286.04 ± 171.92 0.016 0.257 

LDH (U/L) 163.50 ± 30.68 183.88 ± 26.49 a 171.66 ± 36.29 0.006 0.348 
IL-6 (pg/ml) 17.77 ± 30.85 83.15 ± 33.08 a 19.99 ± 45.77 b <0.001 0.530 
IL-10 (pg/ml) 2.99 ± 1.04 3.41 ± 2.80 2.45 ± 1.22 0.330 0.063 
CRP: c-reactive protein; CK: creatine kinase; Ht: hematocrit; LDH: lactate dehydrogenase; IL: interleukin;  

a significantly different from T0; b significantly different from T1 
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Figure 1. Timeline of the study.  

 
Figure 2. RSA protocol setting. Athletes performed 10 m of the linear sprint, changed 
direction (alternating directions at each sprint) for reaching a cone placed at the 5-m 

distance in the right or left direction for two times and finished the last 10 m sprinting 
linearly. After the finishing line, athletes must have reached the starting position in 25 s. 

 

 
Figure 3. External training load (total distance at low [green] and high [red] metabolic 
power) and recovery scores for all the training days of the pre-season and competitive 
periods. The columns with more intense colors represent the match days. The recovery 

score is shown with the blue line.  
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Our findings of increased CK activity 

parallel observations by Huggins and colleagues 
(2019), who documented similar increases 
following technically-focused, high-intensity pre-
competitive training phases. Their investigation, 
however, revealed persistently elevated CK 
activity throughout subsequent competitive 
phases compared to normative values—
contrasting with our mid-season reductions. 
Additionally, while our study demonstrated 
significant LDH activity fluctuations, their 
research indicated temporal stability of this 
enzyme within standard reference thresholds. 
Heisterberg et al. (2013) found a significant 
increase in CK activity after 14 days of pre-season 
training, which includes a large amount of running 
and resistance exercise. Unlike our study, Silva et 
al. (2014) found higher CK activity in the middle of 
the competitive season compared to the pre-season 
and the end of the season. However, the authors of 
that study explained that this increase could be 
associated with residual levels of muscle damage 
related to regular training sessions. Contrary to 
previous findings, Coppalle et al. (2019) found 
similar CK and LDH activity between the 
beginning and the end of the pre-season. However, 
this discrepancy was explained by the authors 
pointing to the timing of sample collection. The 
blood sample was taken one week after the end of 
the pre-season period, which was potentially 
enough time to allow for recovery. 

In this study, we observed a significant 
increase in interleukin-6 (IL-6) levels at T1 
compared to T0, followed by a significant decrease 
at T2. A similar trend was observed in interleukin-
10 (IL-10) levels, which increased at T1 compared 
to T0, and then decreased at T2; however, these 
differences were not significant. In agreement with 
previous studies, the increase in the anti-
inflammatory cytokine IL-10, although not 
significant, could be due to the stimulation of IL-6 
(Ringleb et al., 2024). Huggins et al. (2019) found 
no significant differences in IL-6 during the soccer 
season, except between weeks 1 and 8 of the 
competitive period, concluding that athletes did 
not show any evidence of sustained inflammation. 
An opposite trend, compared to the above, was 
observed in C-reactive protein, which decreased at 
T1 compared to T0, although not significantly, 
followed by a significant increase at T2. Similar 
results were observed by Radziminski et al. (2020),  
 

who did not observe elevated C-reactive protein 
values in professional soccer players during 12 
days of training in the pre-season period. In 
contrast, Clemente et al. (2021) found a significant 
increase in C-reactive protein values after the pre-
season compared to the beginning of the season.  

Sprinting, Repeated-Sprinting and Jumping Tests 

The results of our study showed an 
increase (i.e., worse performance) in the 10-m 
sprint time (s) from T0 to T1, followed by a 
significant improvement at T2. Similarly, at the end 
of the pre-season period, we found an increase (i.e., 
worse performance) in repeated sprint ability total 
time, average sprint time, lowest sprint time, 
average change of direction time, and lowest 
change of direction time compared to the 
beginning of the pre-season period. Our RSA 
changes agree with Sal-de-Rellán et al. (2026), 
suggesting that repeated-sprint performance 
depends on acceleration, change-of-direction 
ability, and jump-related power, which are likely 
affected by seasonal fatigue. However, in the 
competitive period, we observed a significant 
improvement in the repeated sprint ability, lowest 
sprint time and an overall trend of improvement in 
all variables, although not significant. The 
observed decrease in performance seems to 
suggest signs of fatigue at the end of the pre-season 
period. Indeed, training load analysis clearly 
showed higher loads and a lower perceived level 
of recovery during the pre-season period. This 
performance reduction may be attributed to 
modifications in cellular contractile characteristics, 
as demonstrated by elevated muscle damage 
indicators (creatine kinase and lactate 
dehydrogenase activity) following pre-competitive 
training completion, which interferes with the 
optimal restoration of muscle glycogen stores, 
necessary to perform intermittent high-intensity 
exercise (Saidi et al., 2019). These findings 
corroborate the results obtained by Saidi et al. 
(2019), who also found a 2.6% decrease in repeated 
sprint ability after a 6-week match-congested 
period. In contrast to our study, Silva et al. (2022) 
showed an improvement in the 20-m linear sprint 
(5 m, 10 m, 15 m, 20 m) after the pre-season phase 
despite an increase in markers related to muscle 
damage and inflammation. Similarly, Meckel et al. 
(2018) demonstrated a significant improvement in 
the 4×10-m test at the end of the pre-season period,  
 



x  From pre-season to in-season: variations in fitness and hematological variables in elite soccer players 

Journal of Human Kinetics, volume xxx, xxxxx http://www.johk.pl 

 
with no further change at the mid-season.  

A decrease in jumping performance is 
often considered a marker of neuromuscular 
fatigue, reflecting aspects of acute and chronic 
loading (Haller et al., 2023). In our study, no 
significant changes in CMJ performance were 
found among T0, T1 and T2. This stable CMJ 
profile is partially consistent with Nunes et al. 
(2026), although, unlike their late-season 
improvements, our players mainly preserved 
neuromuscular performance across the monitored 
phases. Similarly to our results, in the study of 
Saidi et al. (2019), CMJ performance did not change 
significantly after a 6-week match-congested 
period. However, the results are inconsistent, since 
previous studies had found improvements in CMJ 
performance in soccer players after the pre-season 
period (Perroni et al., 2019; Silva et al., 2022) and at 
the mid-season (Meckel et al., 2018), while others 
had even found decreases in jump height (Selmi et 
al., 2022; Silva et al., 2021).  

Aerobic Performance  

High levels of hemoglobin (Hb) and 
hematocrit (Ht) are generally associated with 
increased blood oxygen transport capacity and 
increased blood viscosity, respectively 
(Abderrahman et al., 2023; Bekris et al., 2015). In 
the current study, no significant changes in the Ht 
percentage were found between the pre-season 
and the competitive period. However, previous 
studies have shown a decrease in Ht levels after 
periods of intense soccer training (Huggins et al., 
2019) or match congestion (Saidi et al., 2019) due to 
an increase in plasma volume. Anđelković et al. 
(2015) observed a significant increase in plasma 
volume of 7.5% and a decrease in Ht after a 
competitive half-season in nineteen elite soccer 
players. Similarly, Huggins et al. (2019) found a 
decrease in Ht from the start of the pre-season to 
week 12 of the season, although Yo-Yo IR2 
estimated VO2max remained unchanged. In contrast, 
Heisterberg et al. (2013) found an increase in Ht 
concentrations after the last competitive match of 
the season compared to PS, with a small but 
significant decrease (Δ% = −2.26%) in VO2max after 
the last competitive match of the season (4.75 ± 0.11 
L·min−1) compared to the beginning of the pre-
season period (4.86 ± 0.12 L·min−1). Contrary to 
those findings, in this study, a progressive 
improvement in maximal oxygen uptake estimated  
 

 
by the Yo-Yo IR2 test was observed from T0 to T1 
and T2. It seems possible that these contradictory 
results are due to differences between studies in 
the duration of the training periods, workload 
(intensity, volume), and training characteristics. 
Therefore, the analysis of the variation in 
hematological and performance variables should 
be treated with caution. 

Correlations between Variations in Hematological 
Variables, Inflammatory Markers and Physical 
Performance 

The significant correlation found for IL-6, 
whose variation was positively associated with 
RSA measures only at T2–T1, highlights how a 
reduction in IL-6 value is associated with 
improved RSA performance. Similarly, a moderate 
negative correlation between variations in IL-6 
value and CMJ performance was reported, 
although it was not statistically significant. Nash 
and colleagues (2023) recently suggested that IL-6 
response could be considered a marker of the 
ability to tolerate training load in the athletic 
population. Therefore, since our players were 
subjected to similar training loads, it is possible 
that players who were better adapted to training 
loads in the competitive season showed a greater 
reduction in IL-6 (lower inflammation), thus 
leading to improved performance.  

Limitations of the Study 

A possible limitation of this study is 
related to the regular elite soccer season, which is 
characterized by player turnover due to injuries 
and the transfer market. As a result, only a limited 
number of players from the full roster could be 
evaluated at the three analyzed time points. 
Although all measurements followed a 
standardized schedule across testing days, the time 
gap between morning blood sampling and 
afternoon performance testing could have 
introduced variability due to diurnal fluctuations 
in both biomarkers and physical performance. 
Additionally, although testing and blood sampling 
were conducted using standardized procedures, 
both subjective (rate of perceived exertion) and 
objective (heart rate) indicators of the internal 
training load, as well as hematological and 
inflammatory markers, might be influenced by 
factors such as diurnal variation, previous training 
sessions, and individual physiological responses.  
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These aspects should be considered when 
interpreting the relationships observed in the 
present study.  

Conclusions 
The analysis of physical performance data 

as well as hematological and inflammatory 
markers revealed significant changes throughout a 
soccer season. At the end of the pre-season period, 
data showed decreases in the 10-m sprint and RSA 
performance and an increase in inflammatory 
cytokines IL-6 and markers of muscle damage (CK 
and LDH), while the opposite pattern occurred in 
the middle of the competitive season when 
performance improved, which was supported by 
reduced inflammation.  

 

 

 

In-season, the reduced inflammatory 
markers could be due to the tapering and recovery 
strategies applied during the competitive period to 
promote recovery processes and maximize players' 
performance. These observations are supported by 
the analysis of training load, which showed the 
highest loads during the pre-season period, which 
could likely explain the observed physiological 
signs of fatigue at the end of this phase. Finally, 
given that previous studies have found elevated 
levels of IL-6 and other pro-inflammatory 
cytokines in individuals with overtraining 
syndrome, our results suggest a key role for IL-6 as 
a marker of the ability to tolerate training load. 
Adequate control of this marker could allow staff 
not only to monitor athletes' status but also to 
optimize personalized recovery and training 
strategies.
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