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Abstract

Background: Although biochemical markers have been used to monitor training loads (TL), it is unknown if they can be used to
predict muscle injuries (MI) in professional football (soccer) players (PFP).
Objectives: To evaluate the relationship between the incidence of MI, serum concentration of creatine phosphokinase (CPK) and
urea, as well as TL in PFP.
Methods: Twenty-three PFP from a Colombian first-division team were enrolled in a retrospective cohort study. CPK, urea, TL and
new MI were measured during 19 weeks. CPK and urea serum levels within 4 weeks before a diagnosed MI were compared to those
measured preseason. CPK and urea relationship with TL were analyzed using a mixed-effects model.
Results: The subjects had an age of 25.3±4.2 years. Nine subjects presented with MI during follow-up, 66.6% of which were localized
to hamstrings. Serum CPK and urea profiles were constructed for each player along the season. Injured players had a significant
elevation of these markers within 4 weeks before the injury was clinically evident when compared to their own preseason values.
Expected individual increases in CPK and urea according to TL during the season were estimated.
Conclusions: Since CPK and urea values rose several weeks before the MI became overt, constructing CPK and urea profiles for
each player during the whole preseason and season may help identify peaks in their concentration as early markers of MI. A tight
biochemical control of training may become a preventive strategy for MI, but the use of published reference values is discouraged.
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1. Background

Muscle injuries (MI) incidence is increasing among
high performance football (soccer) players (1, 2). They rep-
resent over 15% of all sports injuries (1, 3-6). Almost half of
MI can be classified as moderate and serious, which lead to
greater athlete absence rate in training sessions and com-
petitions (1, 7).

Multiple strategies have been designed to reduce in-
jury incidence, including improvement of athletic capabil-
ities and use of several external devices (8-11). FIFA has pro-
posed several injury prevention programmes which have
shown good results (8, 11).

However, from the medical, sports and economical
points of view, it would be more interesting to have a way

to predict and then prevent the occurrence of MI.

Several biochemical markers have been shown to in-
crease in relation to actual muscle damage, but they have
not been studied in relation to the minimal tissue changes
which may occur before the onset of clinically evident MI
(12-14). In the biomedical control of training, creatine phos-
phokinase (CPK) and urea have received more attention as
indicators of muscular stress and their measurement is ac-
cessible in most settings.

CPK is a well-known globular, dimeric enzyme that
helps maintain stable adenosine triphosphate concentra-
tion inside a working muscle fibre (13, 15, 16). Of our inter-
est is the CPK-MM isoform, which is found in the cytoplasm
of skeletal muscle. This isoenzyme appears in the plasma
after a rupture of a muscle fibre membrane as in the case
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of sports-related MI or other medical conditions (13, 17, 18).
It also increases in plasma as a result of muscle adaptation
resulting from training and an increased membrane per-
meability (13, 17, 19).

Urea is a product of the deamination of amino acids
in the muscle and has been used as a workload marker,
mainly for long lasting high intensity exercises (20).

A wealth of data on the physiological values of CPK
and urea and the kinetics of its appearance in and dis-
appearance from the plasma has been published (19-21).
There is still a search for specific reference values regard-
ing the type of sport (21-23). These results are subject to
great variability because of the influence of race, age, gen-
der, amount of muscle mass, altitude above the sea level,
training load, etc. (13, 17, 19, 20, 24) Therefore, the ranges
and cutoff values proposed as indicative of muscle stress
are ample (20, 21), do not have high enough sensitivity and
specificity for any outcome, and are difficult to extrapolate
from one population to another. Moreover, they have never
been reliably proposed as predictors of MI in football play-
ers.

Since minimal, subclinical muscle damage may occur
prior to an overt MI, we hypothesize that by measuring CPK
and urea during the whole season, we will identify alter-
ations in their values several days previous to when a MI is
fully established. This will allow their use as markers for
the appearance of a future MI and help in early prevention
of these injuries, beside general reference values.

Then, the objective of the study was to describe CPK
and urea plasma concentrations in football players during
a whole season and to relate their kinetics to the incidence
of MI focused on the importance of individualisation of
follow-up.

2. Methods

2.1. Population and Study Design

A retrospective cohort study was carried out. Twenty-
three adult, male, professional football players of a team
established in the city of Medellín, Colombia, were en-
rolled. They participated in the first division of the football
national league in the 2010 July-November season. Data
was collected in 2012. Follow-up of the subjects was done
by the medical staff of the football team.

Athletes who had any type of heart or lung disease, di-
abetes mellitus, smoking habit, alcohol intake or intake of
any other type of psychoactive substance, use of medica-
tion, musculoskeletal injuries in the first week of the pre-
season and a medical disability which could impede par-
ticipation in training sessions and competitions were ex-
cluded.

All procedures involving humans in this study were in
accordance with the 1964 Declaration of Helsinki and the
resolution number 8430 of 1993 by the National Ministry
of Health of Colombia, and were approved by the Bioethics
Committee of the University of Antioquia, Colombia (min-
utes 004 from March 2017). No informed consent was ob-
tained because it is not required for this type of study.

2.2. Medical History and Physical Examination: Player’s Base-
line Information

A complete medical history and physical examination
was performed. Age and playing position were always
recorded. Weight was measured using a calibrated scale
(Beurer Living, Germany) and height using a stadiometer
(Stanley Powerlock, USA). Body mass index (BMI) was cal-
culated as BMI = weight (kg)/height2 (m2), and the percent-
age of body fat was estimated measuring fat skinfolds (25),
with the help of a caliper (Lange, USA). Anaerobic power
was evaluated by using free jumps, squat jumps (SJ) and
counter-movement jumps (CMJ), according to previously
published protocols (26). Speed was also assessed in 20 me-
ters using validated sprint tests (27). Aerobic power was
evaluated using the 2-km track test on an elliptical run-
ning track. The run was timed using a Q&Q digital stop-
watch (Casio, HS80TW, China), and the maximum oxygen
consumption (VO2max) was calculated as described before
(28).

Both aerobic and anaerobic power results fed a cluster
analysis that allowed us to classify athletes into two cate-
gories: endurance and powerful. Our group has used this
model to characterize and address several issues in team
sports (29, 30).

2.3. Measurement of Biochemical Markers

During the first week of the preseason, CPK and urea
were measured on a daily basis (from 7 A.M. to 8 A.M., 5
straight days from Monday to Friday). The subjects were in
a sitting position, with an 8-hour fasting period, before the
training session. 4-mL venous blood samples were drawn,
stored with heparin (BD Vacutainer, USA) and transported
in a freezer. Then, they were centrifuged at 2000 g for 15
minutes to separate the plasma. CPK and urea were mea-
sured in a clinical laboratory within the next 2 hours by us-
ing an ERBA Chem 7 analyzer (Erba Mannheim, Germany).

During the preseason, these athletes stayed in a ho-
tel located at 2125 m above sea level with an average tem-
perature of 17°C. They were given a progressive increase
of physical workload, and they were guaranteed adequate
nutrition and breaks during their training sessions. They
remained under supervision of the medical staff and no
recreational physical activities were allowed. During the
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next 19 weeks, when the football players participated in the
national football league, CPK and urea were measured at
a mean of 54.6 ± 11.8 hours before each competition, al-
ways from 7 A.M. to 8 A.M. (Figure 1). During this period,
all subjects were instructed to avoid any moderate or high-
intensity physical activity besides those scheduled by the
team staff.

2.4. Quantification of Training Load

Training loads (TL) were measured bearing in mind in-
tensity and volume in both training and competition ses-
sions. Briefly, the football team physical trainer scored the
intensity (IS) using a 1 to 5 scale. A IS equal to 1 reflects a rest-
ing day, and an IS amounting 5 indicates a day of a high in-
tensity. The IS of all sessions during the week were then av-
eraged to give a weekly IS (wIS). The durations of daily ses-
sions were pooled to give the total time of work per week
in minutes (wTIME), including warming-up. Then, wIS and
wTIME values were used to calculate a weighted weekly
training load (wTL) for each player, according to Equation
1:

(1)wTL = wIS × (wTIME/MaxTIME)

Where MaxTIME is the maximum value of wTIME
among the players during each week. wTL took values from
0 to 5.

2.5. Evaluation of Sports and MI

The sports medicine specialist in charge of the team
was present at every practice session and football match.
He recorded the date, location, type, and athletes’ days of
disability when injured, as suggested (31, 32). The MI was
defined as the rupture of the fascia or muscle fibres de-
tected during follow-up and the diagnosis was confirmed
using ultrasound or nuclear magnetic resonance images,
according to published protocols (33-35). Players were con-
firmed with a MI by a panel of experts, composed of three
or four physicians according to the difficulty of each case:
Two sports medicine specialists, a radiologist and an or-
thopaedic surgeon. Contusions and traumatisms were not
taken into account when calculating the total of MI. For
the statistical analysis, injured subjects were called group
1, and non-injured subjects were called group 2. Injury
rate was calculated as the number of MI per 1000 hours of
pooled training and match exposures.

2.6. Statistical Analysis and Research Reporting Guideline

No sample size was calculated for this study. For re-
sults, the description of nominal variables was done us-
ing percentages and ratios. Shapiro-Wilk’s test was used to
evaluate if the distribution of quantitative variables in the

entire sample and in the various subgroups came from a
population with a normal distribution. The description of
demographic anthropometric and physical variables was
done in accordance with the onset of MI during the weeks
of follow-up. For quantitative variables with a normal
distribution, the mean value and the standard deviation
were reported. For qualitative variables with a distribution
different from a normal distribution, the median and in-
terquartile ranges were used, and the ratio of athletes with
a MI was calculated.

Quantitative demographical, anthropometrical and
physical characteristics were compared depending on the
onset of a MI during follow-up with a Student’s t-test or a
Mann-Whitney U test depending on the type of distribu-
tion. Pearson’s χ2 test was used for qualitative character-
istics.

To compare CPK and urea values prior to a MI (4, 3, 2 and
one week before), with preseason values of injured foot-
ball players, paired Student’s t-tests or Wilcoxon tests were
used depending on the type of distribution.

A mixed-effects model to estimate the effect of TL on
CPK and urea levels was adjusted for BMI differences. For
this, the natural logarithm of CPK (LnCPK) was used, due to
its not normal, skewed distribution. The model includes a
fixed component due to the effect of the independent vari-
able (TL) and a randomized component given by the corre-
lation among intra-player measurements. Adjustments for
CPK levels were run when evaluating the TL-urea relation-
ship. Adjustments for urea were run when evaluating the
TL-LnCPK relationship. Z statistics and confidence intervals
(CI 95%) are shown. Analyses were conducted using SPSS V.
20.0 (IBM, USA) and STATA V. 14.0 (StataCorp, USA), assum-
ing a 5% statistical significance level. The STROBE guideline
was used for this research report (36).

3. Results

Forty football players were eligible since they were
male, training with the chosen football team. Neverthe-
less, 15 athletes were young athletes and 2 more were trans-
ferred to other teams. Finally, 23 professional players were
included (Figure 2). There was no loss of subjects during
follow-up. Their average age, BMI and percentage body
fat were 25.3 ± 4.2 years, 24.7 ± 1.5 Kg/m2 and 12.1 ± 1.2
%, respectively. When the demographical, anthropomet-
rical and physical characteristics were compared between
groups 1 and 2, no differences were found (Table 1).

Group 1 included 9 subjects (39% of total subjects) who
underwent MI during follow-up. Hamstring injuries repre-
sented 66.6% of all MI. The injuries were as follows: five fas-
cia injuries and one type-I hamstring MI, one fascia injury
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Preseas
Two Weeks

Competitive Period
18 Weeks

First Tuesday: complete medical examination,
anthropometry and field tests. From  8 am to 12 m.

CPK and urea sample: always from 7 am to 8 am, in fasting conditions

Competitive match:
always in the afternoon

Figure 1. Complete protocol and study design. A total of 23 blood samples for CPK and urea measurements were drawn during preseason (n = 5) and competitive period (n =
18) per player. During the competitive period the blood samples were obtained the previous day (n = 3), two days before (n = 13) or three days before (n = 1) the match. In one
case, the sample was drawn a week after the last one even when no match was played thereafter.

Eligible soccer players
(n = 40)

Young players not in the
professional team (n = 15)

Professional team
(n = 25)

Transferred out of the team
(n = 2)

Included in the study
(n = 23)

Figure 2. Flowchart showing the amount of soccer players eligible and finally in-
cluded in the study

of the adductor muscle and two type-I injuries of the ante-
rior rectus muscle. All MI became evident between weeks 9
and 20. Since the total of training and match exposure was
4059 hours, rates of 2.2 and 1.5 per 1000 hours of exposure
were calculated for muscle and hamstring injuries, respec-
tively.

No differences were observed when urea and CPK val-
ues obtained preseason were compared between groups
(Table 2).

Football players having MI in follow-up showed an in-
crease in biochemical markers 4 weeks before the onset of
the injury (Table 3). Differences in CPK medians between

the values for weeks 4, 3 and 2 before the injury compared
to preseason values (P = 0.018 in all comparisons) were ob-
served. There was a trend to be different for the value mea-
sured one week before MI compared to the preseason value
(P = 0.063). Likewise, the median of the urea was greater 2
weeks before the injury, in comparison with preseason val-
ues (P = 0.043).

When analyzing the 9 injured athletes’ individual CPK
behavior, an increase of CPK values above the medians of
the entire sample were noted within 4 weeks before the on-
set of the MI (Supplementary file appendix 1A) only in 5 of
those players.

Likewise, when analyzing the behavior of the individ-
ual urea of the 9 injured athletes, an increase of urea val-
ues above the medians of the entire sample within 4 weeks
prior to the onset of the injury (Supplementary file ap-
pendix 1B) was observed in 7 subjects.

The median values of CPK and urea showed peaks and
valleys along the whole season. A temporal relationship be-
tween the kinetics of CPK, urea and the TL can be seen in
Supplementary file appendix 1A-C. A mixed-effects model
was used to analyze this relationship. After adjusting for
differences by CPK and BMI, a significant effect of TL on
urea levels was found (Z = 2.85; P < 0.01). This means that
for each one point increase in TL, urea levels increased by
0.97 mg/dL (CI 95% 0.3 to 1.64). After adjusting for urea
and BMI, a significant effect of TL on LnCPK was found (Z
= 6.98; P < 0.01). For each one point increase in TL, LnCPK
levels increased by 0.17 (CI 95% 0.12 to 0.22). Individual pre-
dicted values of LnCPK and urea according to each TL in
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Table 1. Description of Demographic, Anthropometric and Physical Characteristics According to the Presence (Group 1) or Absence (Group 2) of MI During Follow-Upa

Variables Group 1 (N = 9) Group 2 (N = 14) P Value

Age (y) 25.8 ± 4.4 25.1 ± 4.3 0.709b

Race 0.962c

White 33.3 28.6

Black 44.4 50.0

Mestizo 22.2 21.4

Player position 0.304c

Goalkeeper 11.1 7.1

Defender 0.0 28.6

Lateral 22.2 21.4

Midfielder 55.6 21.4

Forward 11.1 21.4

BMI (kg/m2) 24.7 ± 1.4 24.8 ± 1.7 0.827b

Body fat (%) 12.4 ± 1.0 11.9 ± 1.4 0.373b

Resting heart rate (bpm) 59.2 ± 4.0 56.0 ± 7.1 0.258b

Resting systolic pressure (mmHg) 118.1 ± 9.4 122.1 ± 7.6 0.290b

Resting diastolic pressure (mmHg) 75.4 ± 7.4 75.9 ± 5.5 0.868b

Squat jump (cm) 56.6 ± 7.1 54.7 ± 3.3 0.438b

Countermovement jump (cm) 58.7 ± 8.0 56.2 ± 4.0 0.357b

Vertical jump (cm) 70.4 ± 9.3 65.1 ± 5.3 0.126b

20 m sprint test (dash) (s) 3.0 ± 0.2 3.1 ± 0.1 0.228b

Speed (m/s) 6.6 ± 0.3 6.4 ± 0.3 0.211b

20 m fly sprint test (s) 2.3 ± 0.1 2.4 ± 0.1 0.116b

Speed (m/s) 8.7 ± 0.4 8.4 ± 0.4 0.100b

Maximum oxygen consumption (mL/kg.min) 56.2 ± 3.3 56.0 ± 3.4 0.911b

Classification according to the physical condition (%) 0.806c

Endurance 37.5 42.9

Powerful 62.5 57.1

Abbreviations: BMI, body mass index; MI, muscle injuries.
aValues are expressed as mean ± SD.
bStudent’s t-test.
cPearson’s Chi-squared test.

each player are shown in Figure 3. To further explore that
relationship, we analyzed the changes in urea and LnCPK
in groups 1 and 2. Two interesting situations arose. Firstly,
in injured players for each point increase in TL, four weeks
before the injury, urea increased by 5.5 mg/dL (CI 95% 0.51 -
11.6, Z = 1.8; P = 0.073), while in non-injured players for each
point increase in TL, urea increased by 1.2 mg/dL (CI 95% 0.4
- 2.0, Z = 2.92; P < 0.01). Secondly, for each point increase
in TL, LnCPK increased by 0.19 (CI 95% 0.11 - 0.27, Z = 4.49; P
< 0.01) in injured players, while an increase of 0.16 (CI 95%
0.10 - 0.22, Z = 5.49; P < 0.01) was found in non-injured play-
ers. We did not find a significant effect of TL on LnCPK when
evaluating the 4 weeks before the injury.

4. Discussion

The most important new findings of this work are the
following: (1) Biochemical markers CPK and urea increase
weeks prior to the establishment of a clinically evident MI
in football players (Table 3); (2) this increase can be reliably
identified if individual profiles for CPK and urea are con-
structed during both preseason and the whole competitive
season; and (3) a mixed-effects model allowed us to esti-
mate urea and CPK values in football players (Figure 3).

4.1. Pathophysiological Aspects and Limitations of the Classical
Use of CPK and Urea as Biochemical Markers

Under different stimuli, sarcolemmal injury or altered
intramuscular energy status is associated with increased
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Table 2. CPK (µmol/L) and Urea (mg/dL) Values During Preseason According to the Presence (Group 1) or Absence (Group 2) of MI During Follow-Up

Preseason Measurements
Group 1 (N = 9) Group 2 (N = 14)

P Valuea

Median P25 P75 Median P25 P75

CPK 1, 29th Jun 213.0 169.5 320.0 238.5 170.8 382.8 0.600

CPK 2, 30th Jun 389.0 294.0 531.5 465.0 303.0 572.3 0.440

CPK 3, 1st Jul 409.0 255.0 1474.0 579.0 318.5 765.0 0.650

CPK 4, 2nd Jul 405.5 248.3 1857.0 478.0 430.5 928.0 0.579

CPK 5, 3rd Jul 405.0 268.5 1623.0 513.0 350.0 752.0 0.765

Urea 1, 29th Jun 34.1 28.8 42.2 32.9 28.7 34.6 0.477

Urea 2, 30th Jun 41.9 39.6 47.1 36.2 35.5 41.4 0.055

Urea 3, 1st Jul 38.3 34.6 41.7 34.8 32.5 40.0 0.261

Urea 4, 2nd Jul 39.2 33.4 44.7 38.3 34.9 42.9 1.000

Urea 5, 3rd Jul 41.5 35.0 42.8 37.5 35.9 42.0 0.765

Abbreviations: CPK, creatine phosphokinase; MI, muscle injuries.
aMann-Whitney U test.

Table 3. Comparison Between CPK (µmol/L) and Urea (mg/dL) Values Measured 4, 3, 2 and 1 Week Before a MI with the Median Preseason Values in the 9 Injured Football Players
(Group 1)

Variable, Group 1 (N = 9) Median P25 P75 P Valuea

CPK preseasonb (µmol/L) 226.0 182.0 332.0 -

CPK 4 weeks before MI 280.5 239.0 391.0 0.018

CPK 3 weeks before MI 294.0 222.0 509.0 0.018

CPK 2 weeks before MI 248.0 196.0 482.0 0.018

CPK 1 weeks before MI 330.0 152.0 831.8 0.063

Urea preseasonb (mg/dL) 32.9 28.8 37.3 -

Urea 4 weeks before MI 37.0 30.4 41.4 0.917

Urea 3 weeks before MI 36.1 30.6 46.5 0.735

Urea 2 weeks before MI 40.9 37.2 43.5 0.043

Urea 1 weeks before MI 39.0 36.5 45.0 0.236

Abbreviations: CPK, creatine phosphokinase; MI, muscle injuries.
aWilcoxon test, difference in medians when compared to the preseason levels.
bThese values are the means or medians of the five preseason values of the 9 injured subjects.

membrane permeability or its complete rupture and re-
lease of several cytoplasmic soluble factors such as CPK.
From the pathophysiological point of view, it would be rea-
sonable to think that the amount of CPK released would
be proportional to the degree of muscle damage (17, 18, 21,
37, 38). Then, muscle mini-lesions and inadequate recovery
may explain small increases in CPK prior to the establish-
ment of larger, clinically evident MI. However, such a rela-
tionship with clinical implications for a given population
(i.e. football players, runners, etc.), has not been clearly es-
tablished. This explains the lack of reference values for di-
agnosis of MI and the difficulty to find values for biochem-
ical markers to establish the differences between a patho-
logical state and a physiological one (20-22, 39). Actually,
there is no current consensus because of the enormous in-
dividual variability of measured values for CPK and urea
(17, 20, 21, 39), hindering the use of CPK and urea as pre-
dictors of muscle damage. Professional Colombian foot-

ball players were not exempt of this variability. The val-
ues we found at the preseason are difficult to interpret in
light of those published in the literature. They were even
difficult to interpret when compared with the medians of
the group they were taken from. For instance, only 5 out
of the 9 injured athletes showed CPK values at the weeks
before the lesion that were higher than the median of the
group of 23 athletes. The other 4 always had values lower
than the median of the whole group. The same applies for
urea measurements (Supplementary file appendix 1). Our
results show that there are peaks and valleys during the
season, as expected (21, 39, 40), with some median values of
all subjects being higher than the higher normal range re-
ported for CPK in healthy people. Using median values for
our population would have generated at some moment a
classification of the whole cohort as abnormal. Then to de-
cide what conduct should be appropriate for these athletes
would be puzzling.
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Figure 3. Scatterplot of predicted values for urea (mg/dL, A), and LnCPK (dimensionless, B) according to training load. A, Urea values were adjusted for body mass index and
LnCPK values. B, LnCPK values were adjusted for body mass index and urea values. Each dot represents a single training session of each player. The solid lines indicate the fits
to the points.

4.2. New Approach to the Use of CPK and Urea in Biochemical
Control: Practical Implications in Football

Our rates and locations of MI were similar to those re-
ported in other studies (1-3). Primary prevention ought to
be the main strategy to reduce the onset of MI. Repeated
biochemical marker measurements during training ses-
sions could detect muscle tissue subclinical alterations
prior to the onset of tissue damage (6, 21). Actually, in the
athletic field, CPK and urea have been used as established
muscle overload and injury markers (20, 21), but the be-
havior of these markers prior to MI was unknown. In this
study, we found that CPK and urea values increased within
several weeks prior to the onset of a MI, when compared
to preseason values, not against published reference val-
ues or actual central tendency values. Hence, we consider
that a weekly measurement of CPK and urea, when com-
pared to well characterized values established before start-
ing the season could be used as a subclinical muscle dam-
age marker and as a professional football player’s MI pre-
dictor and prevention tool. Then it is tempting to propose
the establishment of a biochemical passport, in analogy to
the biological passport employed in other contexts, to fol-
low CPK and urea values in athletes from different sports
during several seasons. So, following CPK and urea val-
ues to be compared to both preseason own values and to
expected increases according to the TL (as in our mixed-
effects model) could help us reduce the incidence of MI.
The latter would come by means of the reduction of the
load that could be applied specifically to the athlete that
starts showing abnormal biochemical values. These hy-
potheses and their clinical impact could be tested in a fu-
ture, multicentric work.

Several papers dealing with repetitive measurements
of CPK and urea in athletes have been published (20, 21).
These measurements were used as markers of overtrain-
ing or muscle overload, but not as predictors of MI. In one
work the authors decreased the load of the football players
enrolled in their study upon finding high CPK values, but
one subject who did not reduce their workload became in-
jured (21). In our case, the subjects with sustained higher
values were given a lesser load in the next training session;
however, this was based on the experience of the staff, since
not a pre-established protocol was followed. Our results
showed that this intervention did not avoid the appear-
ance of the MI. Then, it is a pending task to establish a pro-
tocol to follow when the players show sustained higher val-
ues compared to their preseason ones.

Persistent high CPK values in athletes might be related
to a silent myopathy. This condition cannot explain our
results since our athletes were normal at the physical ex-
amination, with no history suggesting a muscle disease,
the preseason CPK values were considered normal and
they were not persistently high in any of the players, in-
stead, always showed a curve with peaks and valleys. In
the same way, since neither a reduction in strength or per-
formance nor sleep disorders nor urine color changes, nor
gastrointestinal disturbances, nor other complaints were
found in our athletes, we can rule out that the observed val-
ues were associated with overreaching/overtraining condi-
tions (20), or episodes of rhabdomyolysis (18). Drug con-
sumption is not expected to be associated with increased
CPK values in our athletes, however, cannot be completely
ruled out since no toxicological tests were run to evaluate
this.
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4.3. Strengths and Weaknesses

The main strengths of our work are the following: (1)
A follow-up of a team during whole preseason and season
with a total of 23 CPK and urea measurements obtained
from a daily to weekly basis with standardized times and
conditions was carried out. Moreover, the measurements
during a season were not performed with a descriptive em-
phasis, as previously done (37, 39), but to relate them to
an outcome with impact in football player’s health. (2) A
reliable recording and diagnosis of MI, because we had a
well prepared, expert, medical staff; (3) we controlled the
load and constructed a robust model to relate the individ-
ualised load to the CPK and urea values; (4) the results may
be generalizable to adult, male professional football play-
ers. The main weaknesses are: (1) Multiple comparisons
were made and this may increase the likelihood of a type
I error; (2) we did not calculate a sample size so we are not
sure of the actual power of the study; (3) the sample size
may be small for the outcome, which increases the likeli-
hood of a type II error. For instance, a limited sample and
amount of MI may have affected the power to find statisti-
cally significant differences between CPK values one week
before the MI and the preseason values (P = 0.063, Table
3). Since the squads’ size is increasing (2), and multicen-
tric studies are common, a more powerful study could be
carried out now to address these limitations. (4) The im-
possibility of controlling the subjects outside the team fa-
cilities during the competitive season; (5) the results may
not be generalizable to female or sub elite football players;
(6) several intrinsic and extrinsic factors involved in sports
injuries were not fully controlled. However, this may have
not affected our results since: Demographic, anthropo-
metric and physical performance variables were not dif-
ferent between injured and non-injured players, as shown
in Table 1, the mixed-effects model was adjusted by BMI,
most of the non-controlled risk factors are expected to be
the same for all players: soccer field type, weather, level
of skill and gender; (7) our results should not be under-
stood as to show a cause-effect relationship between bio-
chemical markers and MI, instead, they show an associa-
tion between these variables which have implications in
the sports medicine practice.

4.4. Conclusion

Variability in CPK and urea values seen among profes-
sional football players limits the use of cross-sectional ref-
erence values in training control and MI prevention. So,
individualized follow-up taking into account both presea-
son and season values, may help overcome this limitation.
In this study, we showed that CPK and urea plasma values
significantly increased within 4 weeks prior to the onset

of a MI. Thus, measuring biochemical markers and con-
structing a personal biochemical passport may identify in-
dividual reference values with implications for MI diag-
nosis and prevention. These values would be indicators
of athletes’ adaptations to physical workloads and keep-
ing the subject within their own ranges would work as a
strategy to prevent the onset of MI. This should be imple-
mented with other strategies known to reduce sports in-
juries incidence and could also be tested in other sports
disciplines with high MI incidence (41). These results may
favor a more coherent use of some biochemical markers in
sports medicine practice.
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