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Abstract. Purpose: The objective of this systematic review was to analyze studies that investigated serum biochemical markers used 
to measure internal load in football matches. Method: The review followed the recommendations proposed for PRISMA systematic 
reviews. The bibliographic review was carried out until May 2023. Searches were carried out in the SPORTDiscus, Scopus, MedLine 
(via PubMed), Lilacs (via VHL) and Web of Science databases to find studies that analyze biomarkers after football matches with athletes 
male professionals, where the following data were extracted: author/year, sample size, competitive level, sample characteristics, ex-
posure, analyzed biomarkers and results. The methodological quality was assessed by the Critical Assessment Skills Program (CASP) 
Tool. Results: Fifteen articles were included in the review out of 1,402 identified in the search. These articles were published between 
2008 and 2022 and involved a total sample of 287 football athletes at regional, national, and international levels. Regarding biochemical 
analyses, 50 different biomarkers were studied, among which creatine kinase was the biomarker most used in studies, along with lactate 
dehydrogenase and aspartate aminotransferase. Conclusion: The results indicate that football games impact several biomarkers, includ-
ing those related to muscle damage, hematological response, hormonal variations, immune function, and oxidative stress. Creatine 
kinase was the most used biomarker due to its greater association with the load imposed by the game in assess muscle damage. 
Keywords: soccer; biological markers; load markers; player monitoring; inflammation 
 
Resumen. Objetivo: El objetivo de esta revisión sistemática fue analizar estudios que investigaron los marcadores bioquímicos séricos 
utilizados para medir la carga interna en partidos de fútbol. Método: La revisión siguió las recomendaciones propuestas para las revi-
siones sistemáticas PRISMA. La revisión bibliográfica se realizó hasta mayo de 2023. Se realizaron búsquedas en las bases de datos 
SPORTDiscus, Scopus, MedLine (vía PubMed), Lilacs (vía VHL) y Web of Science para encontrar estudios que analicen biomarcadores 
después de partidos de fútbol con deportistas masculinos profesionales, donde se extrajeron los siguientes datos: autor/año, tamaño de 
la muestra, nivel competitivo, características de la muestra, exposición, biomarcadores analizados y resultados. La calidad metodológica 
fue evaluada por Critical Herramienta del Programa de Evaluación de Habilidades (CASP). Resultados: Se incluyeron en la revisión 
quince artículos de un total de 1.402 identificados en la búsqueda. Estos artículos fueron publicados entre 2008 y 2022 e involucraron 
una muestra total de 287 deportistas de fútbol a nivel regional, nacional e internacional. En cuanto a los análisis bioquímicos, se estu-
diaron 50 biomarcadores diferentes, entre los que la creatina quinasa fue el biomarcador más utilizado en los estudios, junto con la 
lactato deshidrogenasa y la aspartato aminotransferasa. Conclusión: Los resultados indican que los juegos de fútbol impactan varios 
biomarcadores, incluidos aquellos relacionados con el daño muscular, la respuesta hematológica, las variaciones hormonales, la función 
inmune y el estrés oxidativo. La creatina quinasa fue el biomarcador más utilizado por su mayor asociación con la carga que impone el 
juego para evaluar el daño muscular. 
Palabras clave: fútbol; marcadores biológicos; marcadores de carga; seguimiento de jugadores; inflamación 
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Introduction 
 
Football is a widely practiced sport worldwide and is 

characterized by intense intermittent physical activities 
with high aerobic and anaerobic demands (Martínez-
Cabrera et al., 2020). To optimize performance and mini-
mize the risk of injuries, it's important to monitor athletes' 
internal load (Springham et al., 2020). In this regard, mon-
itoring the demanded load in this sport is relevant as mod-
ern elite professional athletes experience an increasingly 
congested sports calendar combined with increased training 
and competition loads (Pillay et al., 2022; Schwellnus et al., 
2016). 

It's a reality in sports that training load, combined with 
an "overloaded" or "congested" competition schedule, ex-
poses athletes to difficulty in adapting optimally to the over-
all load. This can result in decreased performance and is as-
sociated with an increased risk of injury (Howle et al., 
2020; Ekstrand et al., 2011). Monitoring internal load in 

football is not an easy task since the association between ex-
ternal and internal loads is not straightforward. The evalu-
ation of internal load can be defined as the physiological re-
sponse of the body to a given training stimulus and can be 
influenced by various factors such as intensity, duration, 
and type of exercise (Alves et al., 2022; Contreras et al., 
2023). Additionally, internal load can be affected by exter-
nal factors such as environment and nutrition (Póvoas et al., 
2022; McGlory et al., 2017). 

Serum biochemical markers are molecules present in 
the blood that can be used as indicators of the body's physi-

ological state (Hernández-Cruz et al., 2022; Anđelković et 
al., 2015). Measuring these markers can provide valuable 
information about the body's response to training and phys-
ical stress (Kozioł et al., 2020). In football, biochemical 
markers have been used to monitor muscular fatigue, mus-
cular damage, inflammation, and oxidative stress (De Car-
valho et al., 2021; Akubat et al., 2018). According to 
McLaren et al. (2018), monitoring internal load can help 
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identify the optimal timing for high-intensity training, min-
imizing the risk of injuries and excessive fatigue. According 
to Quintas et al. (2020), there is a significant association 
between external load and the metabolic profile analyzed 
through urine, with changes in biochemical pathways asso-
ciated with long-term adaptation to training. 

Several biochemical markers have been used in football, 
among which creatine creatine kinase (CK), myoglobin 
(Mb), lactate dehydrogenase (LDH), C-reactive protein 
(CRP), and malondialdehyde (MDA) stand out (Coppalle 
et al., 2019). The evaluation of internal load in football has 
been carried out by analyzing biochemical markers before 
and after training sessions and competitions. Furthermore, 
the evaluation can be performed at different times during 
the training and competition period, allowing for the anal-
ysis of athletes' adaptation process and the identification of 
moments of higher injury risk (Selmi et al., 2022; Djaoui et 
al., 2017). Some studies have shown that measuring bio-
chemical markers can be useful in preventing injuries in 
football players. For example, a study conducted by Bengts-
son et al. (2013) demonstrated that CK concentration was 
associated with the risk of muscle injuries in professional 
football players. 

However, it's important to note that evaluating internal 
load through biochemical markers should not be done in 
isolation. Other methods, such as subjective assessment of 
training load, monitoring of heart rate, and the use of phys-
ical activity monitoring devices, should be used in conjunc-
tion to provide a more comprehensive assessment of inter-
nal load (Teixeira et al., 2021; O’Sullivan et al., 2018; Bit-
tencourt et al., 2016). 

In this context, the objective of this systematic review is 
to analyze studies that have investigated biochemical mark-
ers used to measure internal load in field football matches, 
to identify the main trends and contributions in this area. 

 
Materials and methods 
 
Procedures 
This systematic review was conducted following the 

recommendations proposed for systematic reviews and 
meta-analyses by the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) (Page et al., 
2021). It was submitted and registered in PROSPERO with 
the registration number CRD42024527354. A search strat-
egy was performed in the following databases: SPORTDis-
cus, Scopus, MedLine (via PubMed), Lilacs (via BVS), and 
Web of Science, with no date filters, and the last search was 
conducted on May 9, 2024. 

For the search, descriptors were used according to 
DeCS and MESH. It's worth noting that descriptors that had 
no affinity or possibility of relation with the research focus 
and objective were discarded. The following keywords 
were used: football, soccer, training load, workload, inter-
nal training load, internal load, match, game, play, Bi-
omarker, Biological Marker, Biologic Marker, Immune 

Marker, Serum Marker, Biochemical Marker, and Labora-
tory Marker. Boolean operators "OR" between synonyms 
and "AND" between terms were used to construct the 
search phrase, structured as follows: (("football"[Title/Ab-
stract] OR "soccer"[Title/Abstract]) AND ("training 
load"[Title/Abstract] OR "workload"[Title/Abstract] OR 
"internal training load"[Title/Abstract] OR "internal 
load"[Title/Abstract] OR "match*"[Title/Abstract] OR 
"game*"[Title/Abstract] OR "play*"[Title/Abstract])) 
AND ("Biomarker*"[Title/Abstract] OR "Biological 
Marker*"[Title/Abstract] OR "Biologic Marker*"[Ti-
tle/Abstract] OR "Immune Marker*"[Title/Abstract] OR 
"Serum Marker*"[Title/Abstract] OR "Biochemical 
Marker*"[Title/Abstract] OR "Laboratory Marker*" 
OR[Title/Abstract]), using a title and abstract search filter 
in all databases. 

After the search, the found documents were sent to an 
online library called EndNote shared among three research-
ers, and duplicates were removed. Then, the same three re-
searchers conducted title and abstract screening to assess in-
clusion criteria. After this analysis, the remaining docu-
ments underwent full-text reading. Subsequently, the doc-
uments that met the inclusion criteria were included in the 
review. 

The inclusion criteria were adopted according to the 
PECO strategy: participants (P) studies conducted with 
male professional football athletes; exposure (E) one or 
more football matches; control (C) not applicable; out-
comes (O) quantified some type of biochemical marker as a 
response. The exclusion criteria adopted were a) review ar-
ticles, theses, or dissertations, and articles in the submission 
phase; b) articles not written in English, Spanish, or Portu-
guese. 

 
Methodological Quality 
The methodological quality was assessed using the Crit-

ical Appraisal Skills Programme (CASP) tool (CASP, 
2018), available at: http://www.casp-uk.net/casp-tools-
checklists. The CASP tool consists of 12 questions to be an-
swered with "yes," "no," or "can't tell." A score of 10 to 
12 "yes" responses will be considered high quality, seven to 
nine moderate quality, and zero to 6 low quality, as recom-
mended by Smith et al. (2016). To ensure greater rigor in 
the assessment, the tool was designed to consider some pos-
sibilities of bias that may be present in a scientific article 
within the context of the research. Thus, two researchers 
familiar with the study topic conducted the assessment of 
factors that could affect the quality of the articles, and a 
third evaluator was consulted in case of disagreement dur-
ing the assessment. 

 
Data Extraction 
From the included studies, the following data were ex-

tracted: number of participants, level of competitiveness, 
and sample characteristics (age, body mass, height, and % 
body fat) when available, exposure, type of biomarkers an-
alyzed, and findings/results. 
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Results 
 
A total of 1.402 studies were found in the databases. Af-

ter using the eligibility criteria, 15 studies were included in 
the systematic review (Figure 1). 
 

  

Figure 1. Flow diagram of the PRISMA study selection procedure

 
Table 1.  

Data extraction from included studies. 

Author/year Sample Exhibition Biomarkers Results 

Ascensão et al. 2008 
17 athletes; 21.3±1.1 ye-

ars; 70.7±6.3 kg; NN 

A competitive football match 
(2 × 45 min) where blood 

samples were collected before 
and 30 minutes, 24 hours, 48 
hours, and 72 hours after the 

match. 
does not inform the time of 

day of blood collection 

CK, Mb, MDA, -SH,  
TAS, AU 

Mb: significantly higher at 30 minutes compared to 
pre-match. 

CK: significantly higher at 30 minutes, 24 hours, 48 
hours, and 72 hours compared to pre-match. 

MDA: significantly higher at 30 minutes, 24 hours, 48 
hours, and 72 hours compared to pre-match. 

-SH: significantly lower at 30 minutes, 24 hours, and 

48 hours compared to pre-match. 
TAS: significantly higher at 30 minutes compared to 

pre-match. 
AU: significantly higher at 30 minutes, 24 hours, 48 

hours, and 72 hours compared to pre-match. 

Bezerra et al. 2014 
GC= 15 athletes 

GE= 15 athletes; NR 

GE = a 90-minute match 
(2x45min). 

GC = participated only in the 
measurements. Analyses oc-

curred pre-game and 24 hours 

post-game. 
does not inform the time of 

day of blood collection 

CK, CK Heart Fraction 
(CKMB), LDH e GGT 

GE significantly increased at 24 hours post-match for 
CK, CKMB, and LDH compared to pre-match. 

GC showed significantly smaller changes for CKMB at 

24 hours post-analysis compared to pre-match. 

Bezerra et al. 2016 
42 athletes; 25,7±4,6 ye-

ars; 75,8±6,36kg; NR 

A 90-minute match 

(2x45min). Analyses before 
the game, after, and at 24 
hours, 48 hours, and 72 

hours. 
does not inform the time of 

day of blood collection 

CK, LDH, AST, cortisol, 

testosterone, CRP, HGB, 
HCT, Erythrocytes, MCV, 
MCH, MCHC, Leukocytes, 

Neutrophils, Eosinophils, 
Monocytes, and Lympho-

cytes 

Erythrocytes, HGB, and HCT at 24- and 48-hours 

post-match. The values of leukocytes, neutrophils, and 
monocytes significantly increased after the match. The 
values of eosinophils and lymphocytes decreased after 
the match. Peaks of elevation were observed after the 

matches for LDH and at 24 hours for CK and AST. The 

levels of CRP increased after the match, with peak con-
centration at 24 hours. Cortisol concentrations signifi-
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cantly increased after the matches, whereas testos-

terone levels decreased post-match. 

Colombini et al. 2014 
19 athletes; 26,5±3,7 ye-

ars; NN 

A 90-minute match 
(2x45min). Analyses before 
and immediately after the 

game. 

blood samples were collected 
at 8:00 hours in the morning 

HGB, HCT, VCM, MCH, 
CHCM, RBC, ammonia, 

UA, urea, and creatinine 

Higher post-match values for RBC, HCT, and HGB 
than pre-match. Increase in post-match concentrations 
of ammonia and creatinine compared to pre-match. A 

reduction in the urea/creatinine ratio was observed. 

Duarte et al. 2022 
11 athletes; 29,26±4,52 
years, 178,95±6,42 cm, 

77,32±7,24 kg; NI 

3 matches of 90 minutes each 
(2x45min) with a 3-day inter-
val between them. Analyses 

before and after, 24 hours, 48 
hours, and 72 hours after each 

game. 
does not inform the time of 

day of blood collection 

PCR 
The levels of CRP increased at 24 hours and 48 hours 
post-each game compared to pre-match, peaking at 24 

hours post-match in each game. 

Fatouros et al., 2010 

30 athletes 20,3±0,3 
years,75,4±3,1 kg, 

177±1,3 cm 
GE: 20 athletes 

GC:10 athletes; NN 

GE: A 90-minute match 

(2x45min) 
GC: Did not engage in any ac-

tivity, only participated in 
measurements. Analyses be-
fore and after, 24 hours, 48 

hours, and 72 hours 
blood samples were collected 
between 8:00 and 12:00 hours 

in the morning 

CK, AU, leukocytes, MDA, 
PC, GSH, GSSG, TAC, cat-

alase, GPX 

For GE, leukocytes increased compared to GC after 
and 24 hours post-match. AU increased for GE com-

pared to GC after, 24 hours, and 48 hours post-match. 
CK increased in GE after, 24 hours, 48 hours, and 72 

hours post-match, reaching its peak 48 hours post-
match compared to GC. PC increased for GE after, 24 
hours, 48 hours, and 72 hours post-match compared to 
GC. MDA increased for GE compared to GC after, 24 

hours, and 48 hours post-match. GSH decreased for 

GE only at 24 hours post-match. On the other hand, 
GSSG increased for GE at 24 hours and 48 hours. Post-
match, TAC increased at 24 hours and 48 hours post-
match for GE compared to GC. Catalase increased im-

mediately after the match for GE compared to GC. 

GPX increased at 24 hours and 48 hours for GE com-
pared to GC. 

García-Romero-Pérez 
et al. 2021 

29 athletes; 27,59±3,83 
years; 1,83±0,05 m; 
80,16±7,45 kg; NI 

Matches of 90 minutes each 
(2x45min). 

Multiple Matches Group 

(MMG) with an interval be-
tween matches < 4 days and 
Single Match Group (SMG) 

with an interval between 
matches. Analysis before and 

after the matches. 
blood samples were collected 
between 9:00 and 10:00 hours 

in the morning 

CK 

No significant difference was found for CK values 
when comparing MMG and SMG. Players who com-

pleted more than 60 minutes in the previous game had 
significantly increased CK levels pre-match in MMG 

compared to SMG. 

Haller et al. 2019 
22 athletes; 

24,2±2,9 years; NI 

Matches of 90 minutes each 
(2x45min) over 4 months. 
Pre-match analyses (BL-1), 

one day post-match (BL+1), 
and two or more days post-

match (BL+2/3). 
does not inform the time of 

day of blood collection 

Circulating cell-free DNA 
(cfDNA) 

The concentrations of cfDNA significantly increased at 
BL+1 compared to BL-1. cfDNA concentrations dur-

ing weeks with multiple matches were significantly 

higher compared to weeks with single matches. 

Ispirlidis et al. 2008 
24 athletes; 20,1 ±0,8 
years; 1,78± 0,08 m; 

75,2±6,8 kg GE:14 GC:10 

GE: Engaged in a 90-minute 

football match (2x45min). 
GC: Did not engage in any ac-

tivity, only participated in 
measurements. Analysis be-

fore and after, 24h, 48h, 72h, 

96h, 120h, 144h post-match. 
blood samples were collected 

in the morning 
of the game-day 

leukocytes, CK, LDH, 
CRP, cortisol, testosterone, 

cytokines (IL-6) and (IL-

1b), TBARS, PC, and AU 

Leukocytes and PCR increased after and at 24 hours 
post-match in GE compared to GC. CK and LDH in-

creased after, peaking at 48 hours post-match, but 
LDH decreased from 96 hours and CK only at 120 

hours post-match compared to GC. AU increased at 24 
hours and remained elevated until 96 hours post-

match. PC increased at 24 hours, peaked at 48 hours, 

and remained elevated until 96 hours post-match. 
TBARS increased after the match and remained ele-

vated until 48 hours. Cortisol and IL-6 increased only 
after the match. 

Jamurtas et al., 2015 

GC= 8 athletes; 22,2±1,3 
years; 

75,7±4,4kg 

GE= 10 athletes; 22,8±1,8 
years; 76,3±5,2; NN 

GE: A 90-minute match 
(2x45min). 

GC: Only trained and partici-
pated in stretching. Analyses 

occurred pre-match and at 2h, 

12h, 36h, and 60h post-
match. 

blood samples were collected 
between 7:00 and 8:00 hours 

in the morning 

CK, RBC, HGB, HCT, 
VCM, MCH, CHCM, 

RDW CV, RDW-SD, iron, 

total iron binding capacity 
(TIBC), transferrin satura-

tion (TS). 

GE obtained significantly higher CK levels at 2h, 12h, 
and 36h post-match compared to pre-match. Com-

pared to GC, it was statistically higher at 2h, 12h, 36h, 
and 60h post-match. GE had significantly lower iron 

levels at 2h post-match compared to pre-match and 
GC. TIBC was statistically higher for GE at 36h and 

60h post-match compared to pre-match and GC. 

Peñailillo et al. 2015 
9 athletes; 26±3,5 years, 

177±3,7 cm e 74±6,1 kg; 
NI 

Matches of 90 minutes each 
(2x45min). Analysis pre-

match and 10 minutes post-
match. 

blood samples were collected 

salivary concentrations of 
cortisol, testosterone, and 
immunoglobulin A (IgA) 

There was no significant change in cortisol between pre 
and post-match. Testosterone, IgA, and testos-

terone/cortisol significantly decreased post-match 
compared to pre-match. 
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between 18:30 and 20:30 

hours of the night 

Russell et al. 2015 14 athletes; NI 

4 football matches of 90 
minutes each (2x45min), held 
between November and Janu-
ary. Analysis pre-match and 

post-match, at 24 hours and 
48 hours. 

blood samples were collected 
in the morning 
of the game-day 

CK 

There was a significant increase in CK at 24 hours and 

48 hours post-match compared to pre-match in all 
matches. No difference in CK was observed between 

the matches. 

Silva et al. 2013 
7 athletes; 22-31 years; 

172-191 cm;71-95 kg; 7-
10,7 %G; NI 

A 90-minute football match 
(2x45min). Analyses were 

conducted pre-match and at 
24 hours, 48 hours, and 72 

hours post-match. 

blood samples were collected 
18:00 hours of the night 

Testosterone, cortisol, CK, 
-SH, SOD, GPX, reductase, 

Mb, CRP, AU, MDA and 

TAC 

Cortisol, CK, SOD, MDA, and TAC significantly in-
creased at 24 hours and 48 hours post-match compared 
to pre-match. The testosterone/cortisol ratio signifi-
cantly decreased at 24 hours and 48 hours post-match 
compared to pre-match. Mb, PCR, GPX, and -SH sig-

nificantly increased at 24 hours post-match compared 
to pre-match. 

Thorpe et al. 2012 
7 athletes; 25±6 years; 

75,3±4,6 kg; 179±6 cm; 
NR 

A 90-minute football match 
(2x45min). Analyses were 

conducted pre-match and 
post-match. 

Salive and blood samples were 
collected 14:00 hours of the 

night 

Testosterone, cortisol, CK, 

Mb, immunoglobulin A G 
and M (IgA), (IgG) and 

(IgM) 

CK, Mb, cortisol, and testosterone increased post-
match compared to pre-match. 

Viana-Gomes et al. 
2018 

8 athletes; 27,2±5,5 years; 
NN 

Two consecutive football 
matches of 90 minutes each 
(2x45min) with a break of 4 
days in between. Analyses 

were conducted pre-match, 

post-first game (PG1), 48h af-
ter PG1, post-second game 
(PG2), 24h after PG2, and 

48h after PG2. 
does not inform the time of 

day of blood collection 

CK, AST, ALT, GGT, 

LDH, TAC, AU, TBARS, 
PC, GSH e GSSG 

LDH and PC increased in PG1 and PG2 compared to 
pre-match. CK and GSSG significantly increased above 

pre-match levels at all analyzed time points. AST, 
ALT, and GSH increased at 48hPG2 compared to pre-

match. GGT increased in PG2, 24hPG2, and 48hPG2 
compared to pre-match. AU increased at 48hPG1, 

PG2, and 24hPG2 in plasma and decreased at 48hPG2 
in saliva compared to pre-match. TBARS increased at 

48hPG2 in plasma and increased in PG1 and PG2 com-

pared to pre-match in saliva. 

Legend: CK: creatine kinase; Mb: myoglobin; MDA: malondialdehyde; -SH: sulfhydryl groups; AU: uric acid; RBC: red blood cell count; HGB: hemoglobin; HCT: 
hematocrit; MCV: mean corpuscular volume; MCH: mean corpuscular hemoglobin; MCHC: mean corpuscular hemoglobin concentration; RDW CV: red cell distri-
bution width-CV; RDW-SD: red blood cell distribution width; LDH: lactate dehydrogenase; GGT: gamma-glutamyl transferase; AST: aspartate aminotransferase; ALT: 

alanine transaminase; PCR: C-reactive protein; PC: carboxyl proteins; GSH: reduced glutathione; GSSG: oxidized glutathione; TAC: total antioxidant capacity; GPX: 
glutathione peroxidase; TBARS: thiobarbituric acid reactive substances; SOD: superoxide dismutase; GC: control group; Experimental group; NI: international level; 
NN: national level; NR: regional level. 

 

The included studies had a publication timeframe be-
tween 2008 and 2022, with a total sample of 287 football 
athletes at regional, national, and international levels. 

Among these studies, 4 had control groups, totaling 43 ath-
letes. Regarding biochemical analyses, 50 different bi-
omarkers were analyzed.

 
Table 2.  
Methodological quality 

CASP Checklist 1 2 3 4 
5 

(a) 

5 

(b) 

6 

(a) 

6 

(b) 
7 8 9 10 11 12 Escore 

Ascensão et al., 2008 S NI S S S S S S S NI S S S S 10 
Bezerra et al., 2014 S NI NI NI NI NI NI NI S NI S S S S 6 
Bezerra et al., 2016 S NI NI S NI NI S S S NI S S S S 8 

Colombini et al., 2014 S NI S S S S S S S NI S S S S 10 
Duarte et al., 2022 S NI NI S NI NI NI NI S NI S S S S 7 

Fatouros et al., 2010 S NI S S S S S S S NI S S S S 10 
García-Romero-Perés et al., 2021 S NI NI S NI NI S S S S S S S S 9 

Haller et al., 2019 S NI NI S NI NI S S S NI S S S S 8 

Ispirlidis et al., 2008 S NI S S S S NI NI S NI S S S S 9 
Jamurtas et al., 2015 S S S S S S S S S NI S S S S 11 
Peñailillo et al., 2015 S NI NI S NI NI NI NI S S S S S S 8 

Russel et al., 2015 S NI NI S NI NI S S S S S S S S 9 
Silva et al., 2013 S NI S S S S S S S NI S S S S 10 

Thorpe et al., 2012 S NI S S S S S S S NI S S S S 10 
Viana-Gomes et al., 2018 S NI NI S NI NI S S S NI S S S S 8 

Legend: 1: The study addressed a focused question; 2: The cohort was recruited acceptably; 3: Exposure was measured accurately to minimize bias; 4: The result was 
measured accurately to minimize bias; 5: (a) The authors identified all important information, confounding factors; (b) They have taken confounding factors into account 
in the design and/or analysis; 6: (a) Monitoring of the subjects was complete enough; (b) Follow-up of the subjects was long enough; 7= What are the results of this 

study; 8: How accurate are the results; 9: You believe in the results; 10: The results can be applied to the local population; 11: The results of this study are adequate 
with other evidence (discussion); 12: What are the implications of this study for practice. S: yes; N: no; NPD: can't say; NI: not informed 
 

The methodological quality assessed by the CASP tool 
was high for six studies. Eight studies showed moderate 

quality, and only one study exhibited low quality. 
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Discussion 
 
This review aimed to analyze the effect of soccer 

matches on different biomarkers and identify which bi-
omarkers are most used in the context of professional soc-
cer. In this study, the analysis of 50 different biomarkers 
was observed, and categorized into five groups: enzymatic, 
hematological, hormonal, immunological, and oxidative 
stress-related biomarkers. 

Enzymatic markers were the most used, with Peñailillo 
et al. (2015) being the only exception. Among the analyzed 
markers, those related to muscle damage such as CK=11, 
LDH=4, Mb=3, and aspartate aminotransferase (AST)=2 
were the most studied. CK was the most utilized bi-
omarker, showing a characteristic increase immediately af-
ter the match (Thorpe et al., 2012), peaking between 24 
and 48 hours (Bezerra et al., 2016; Fatouros et al., 2010) 
and potentially remaining at elevated concentrations up to 
72 hours post-match (Ascensão et al., 2008). This aligns 
with previous studies analyzing CK concentrations in other 
sports such as Rugby (McLellan et al., 2010), suggesting 
that the physical demands and muscle damage induced by 
soccer and rugby are similar. 

LDH exhibited an increase immediately after the match 
(Viana-Gomes et al., 2018; Bezerra et al., 2016; Ispirlidis 
et al., 2008) and at 24 hours post-match (Bezerra et al., 
2014), with its peak occurring at 48 hours post-match in the 
study by Ispirlidis et al. (2008). However, LDH concentra-
tion in the blood can vary due to various factors, including 
fitness level, age, and individual metabolic adaptations 
(Brancaccio et al., 2008). Mb was evaluated in three stud-
ies, with increases observed at different time points after 
the match: immediately after the match in the study by 
Thorpe et al. (2012), at 30 minutes in the study by Ascensão 
et al. (2008), and at 24 hours in the study by Silva et al. 
(2013). AST showed different responses in the two studies 
that evaluated it, with Bezerra et al. (2016) showing an in-
crease immediately after the match and remaining elevated 
up to 48 hours post-match, while in the study by Viana-
Gomes et al. (2018), which analyzed biochemical markers 
from two matches, AST only increased after 48 hours of the 
second match. Therefore, it can be understood that a soccer 
match can generate sufficient mechanical load to induce 
muscle damage, as identified by different biomarkers. 

Other enzymatic biomarkers were also analyzed, such 
as PCR, which is a marker related to the inflammatory pro-
cess and is a protein produced by the liver in response to 
inflammatory processes in different parts of the body, in-
cluding skeletal muscle. Increased levels of PCR indicate 
the presence of acute or chronic inflammatory processes 
(Jatene et al., 2019). Four studies analyzed this marker, all 
showing an increase in this biomarker at 24 hours post-
match (Duarte et al., 2022; Bezerra et al., 2016; Silva et 
al., 2013; Ispirlidis et al., 2008). This response is consistent 
with findings of muscle damage, which consequently in-
duces an inflammatory process to repair these structures. 

Another frequently used biomarker was Uric Acid 

(AU), a metabolic biomarker whose increase due to exer-
cise is caused by renal clearance inhibition, leading to an el-
evation in plasma AU concentration (Suzuki et al., 2006). 
In this review, AU increased after the match and remained 
elevated up to 96 hours post-match (Fatouros et al., 2010; 
Ascensão et al., 2008; Viana-Gomes et al., 2018). How-
ever, in the studies by Colombini et al. (2014) and Silva et 
al. (2013), no significant differences were observed be-
tween pre-match and post-match concentrations. This can 
be explained by the fact that AU is one of the principal an-
tioxidants in blood plasma, being taken up from the plasma 
into the muscles post-exercise (Hellsten et al., 2001). 

Only testosterone and cortisol were analyzed as hormo-
nal biomarkers in five studies, always analyzed together. In 
four studies, cortisol increased after the match (Thorpe et 
al., 2012; Silva et al., 2013; Bezerra et al., 2016; Ispirlidis 
et al., 2008). However, testosterone decreased immedi-
ately after the match but returned to baseline levels within 
24 hours or showed no significant difference between pre-
and post-match levels (Peñailillo et al., 2015; Silva et al., 
2013; Bezerra et al., 2016; Ispirlidis et al., 2008), with only 
Thorpe et al. (2012) showing an increase in testosterone 
post-match. These results suggest a catabolic state immedi-
ately after the soccer match, as confirmed by the reduced 
testosterone: cortisol ratio (Thorpe et al., 2012; Silva et al., 
2013; Bezerra et al., 2016; Ispirlidis et al., 2008; Peñailillo 
et al., 2015). 

Oxidative stress is associated with the production of re-
active oxygen species during physical exercise, which can 
contribute to cellular damage. For oxidative stress-related 
biological markers, two studies analyzed reduced glutathi-
one (GSH) and oxidized glutathione (GSSG), showing dif-
ferent results for GSH concentration, where Viana-Gomes 
et al., (2018) found an increase up to 48 hours post-match 
and Fatouros et al., (2010) found a decrease 24 hours post-
match. However, these same two studies showed similar 
results for GSSG, with an increase of 48 hours post-match. 
This discrepancy can be explained by the fact that Viana-
Gomes et al. (2018) analyzed these markers in two matches 
while Fatouros et al. (2010) only analyzed one. Viana-
Gomes et al. (2018) also analyzed TBARS, which increased 
immediately after the first and second matches and 48 hours 
after the second match. In the study by Ispirlidis et al. 
(2008), it increased up to 48 hours post-match. Glutathione 
peroxidase (GPX) was analyzed in two studies and in-
creased up to 48 hours (Silva et al., 2013; Fatouros et al., 
2010). MDA increased up to 48 hours post-match in the 
three studies that analyzed it (Silva et al., 2013; Fatouros et 
al., 2010; Ascensão et al., 2008). These results show that 
one or more soccer matches produce oxidative stress capa-
ble of being detected up to 48 hours post-match, even with 
the increase in antioxidant capacity up to 48 hours post-
match (Silva et al., 2013; Fatouros et al., 2010). The alter-
ations in these biomarkers after soccer matches reflect the 
impact of physical exertion on antioxidant response and ox-
idative damage. 

Some studies analyzed changes in hematological markers 
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after soccer matches, where there was no difference between 
pre-match and post-match for mean corpuscular volume 
(MCV), mean corpuscular hemoglobin (MCH), and mean 
corpuscular hemoglobin concentration (MCHC) (Bezerra et 
al., 2016; Jamurtas et al., 2015; Colombini et al., 2014). 
These findings may be explained by the lack of restriction and 
control of fluid replacement during the match. However, in-
creases in red blood cell count (RBC), hemoglobin (HGB), 
and hematocrit (HCT) were identified post-match up to 48 
hours, representing a decrease in plasma volume (Bezerra et 
al., 2016; Jamurtas et al., 2015; Colombini et al., 2014). An-
other finding was the decrease in plasma iron concentration 
2 hours post-match (Jamurtas et al., 2015), which may be 
related to decreased aerobic performance in athletes (Hinton 
et al., 2014; Schumacher et al., 2002). 

Immunological markers were also studied, with leuko-
cytes standing out and being analyzed in 3 studies, showing 
an increase at 24 hours (Bezerra et al., 2016; Fatouros et al., 
2010; Ispirlidis et al., 2008) and 48 hours post-match (Bez-
erra et al., 2016). Leukocytes are blood cells that naturally 
respond to infection processes in defense of the body, which 
in the context of sports responds according to the intensity, 
effort, and duration of exercises (Ostojic et al., 2009). Im-
munoglobulin (Ig) was analyzed in 2 studies, showing a de-
crease immediately after the match in IgA (Peñailillo et al., 
2015) and no changes in IgA, IgG, and IgM (Thorpe et al., 
2012), indicating a possible temporary suppression of the im-
mune system. These changes can increase athletes' suscepti-
bility to infections, highlighting the importance of consider-
ing strategies to minimize this negative effect. 

The methodological quality of the included studies was 
assessed using the CASP tool. Most studies showed moderate 
to high methodological quality, indicating a robust approach 
to conducting the research. However, it is essential to con-
sider the limitations and possible biases present in each study 
when interpreting, as the results obtained in each study can 
be influenced by various factors, including the athletes' train-
ing level, the intensity of the matches, the position on the 
field, and nutrition, among others. Additionally, the choice 
of biomarkers and analysis methods used may vary between 
studies and influence the analysis, making direct comparisons 
challenging. 

The present study has some limitations regarding the re-
view being carried out only with professional male athletes 
and with studies that analyzed biomarkers after matches and 
without analyzing training, however this review presents 
strengths including methodological approaches for discovery 
and analysis of diverse data, which allowed a more compre-
hensive understanding of the impacts of football games on 
various biomarkers. 

 
Conclusion 
 
The present systematic review examined studies inves-

tigating the effects of soccer matches on biomarkers in pro-
fessional athletes. The results indicate that soccer matches 

have an impact on various biomarkers, including those re-
lated to muscle damage, hematological response, hormonal 
variations, immune function, and oxidative stress. 

Considering these results, soccer matches produce a 
physiological effect that can be assessed by various systems 
of the body, making it possible to determine the resulting 
impact. However, concerning the muscle damage caused by 
internal load, CK is the most reliable marker for evaluation. 

Recommendations for future research include standard-
izing collection and analysis protocols, considering variables 
such as training level, position on the field, and long-term 
assessment of the impacts of soccer matches on athletes' 
health. 
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