ORIGINAL ARTICLE ~ ENGLISH VERSION

Behavior of the creatinine and urea seric and urinary
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ABSTRACT

The creatinine and urea responses have been extensively used
to evaluate the physical training impact. Therefore, the purpose of
this study was to investigate the behavior of serum and urinary
creatinine and urea concentrations during a soccer training pro-
gram. Eighteen Brazilian soccer players were evaluated at the be-
ginning (T1), in the middle (T2) and at the end (T3) of a soccer
training program. The athletes had their anthropometric characte-
ristics, aerobic capacity and alactic anaerobic metabolism efficien-
cy assessed. Besides the measurement of serum and urinary cre-
atinine and urea concentrations, the athletes had their creatinine
clearance evaluated by three different methods. While the first
method was independent from the urinary volume, the others were
dependent. Anova one-way test followed by Newman-Keuls and
Pearson product-moment coefficient were used to verify the res-
ponses and correlations of the data to the soccer training program.
A significance level of 5% was chosen. The soccer training pro-
gram led to an increase in aerobic (p < 0.01) and alactic anaerobic
(p < 0.01) performances, however, the urinary volume diminished
along the experiment (p < 0.05). The serum (p < 0.05) and urinary
(p < 0.01) creatinine concentrations presented an opposite behavi-
or during the soccer training program, in addition, there were not
observed significant correlations between this parameters in any
period of the study. The creatinine clearance assessed by the three
different methods decreased in response to the training (p < 0.05).
Significant correlations for all methods were observed only in T1.
However, the urinary volume dependent methods were statistical-
ly correlated in T2 and T3. According to results, it can concluded
that the serum and urinary creatinine concentrations were sensi-
ble to the training program developed, but presented opposite be-
haviour. This probably occurred due the limitations of the urinary
method to assay creatinine and urea.

INTRODUCTION

Soccer is a dynamic sport in which the performance maximiza-
tion of the professional athlete is based on the suitable develop-
ment of a set of tactics, technical, nutritional, psychological and
physical factors. According to Bangsbo!”, more than 90% of the
energy spent during a soccer game is supplied by the aerobic me-
tabolism. Moreover, the athletes run approximately 10 km"2 with
intensity close to the anaerobic threshold, that is, 80 to 90% of the
maximal cardiac frequency. Although the metabolic basis of a soc-
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cer game is aerobic, the majority of the actions used in order to
decide a game (shooting, dribbling and heading) is of anaerobic
nature®.

The physical preparation of a soccer team may be harmed by
the competitions calendar. Usually, in a soccer championship played
in Brazil, a team plays an average of two games per week. None-
theless, in order to have the athlete with a satisfactory level of
competitiveness throughout the year, it is mandatory that a bal-
ance between work load (games and training) and the period ded-
icated to recovery exists*®.

The appearance of sprains, total body mass reduction and dehy-
dration may affect athletes whose recovery period is insufficient®.
Therefore, the regular monitoring of certain substances such as
creatinine and urea may serve as a tool in prevention of the devel-
opment of the problems mentioned above®10.

Creatinine is a nitrogen and non-protein organic component de-
rived from creatine dehydration. It can be measured in the blood or
urine and its concentration remains practically unchanged during
24 h. The skeletal muscle is the largest site of creatinine produc-
tion; thus, variations in its production would directly indicate pro-
portional alterations in the muscular mass/®'". Reduction of mus-
cular mass is one of the classic symptoms observed in
overtraining“'?.

Creatinine is also extensively used in order to evaluate the renal
function through the glomerular filtration rate (GFR). The GFR may
be obtained through the determination of the creatinine concen-
tration on the blood and urine; however, the greatest difficulty in
GFR measurement is the determination protocol in the total urine
collected during a period of 24 h19. Alternatively, the GFR may be
estimated simply by using the blood creatinine concentration®,

Urea is synthesized in the liver by the carbon dioxide and ammo-
nia which are formed as final products of the protein catabolism.
After the synthesis, the urea is transported by the blood to the
kidneys where it is filtered by the glomeruli”). Several authors have
associated the increase of the urea concentrations with the increase
of the protein catabolism and the gluconeogenesis in response to
intense training loads".'4.

Great resistance from the side of directors, coaching commis-
sion and players in the soccer panorama is experienced concern-
ing the blood collection for analysis of parameters such as creati-
nine and urea. Such fact occurs mainly due to the invasive character
of the procedure. Thus, the utilization of urine may be an alterna-
tive and non-invasive means of evaluating these substances in
soccer athletes. Moreover, as far as the authors know, no study
has tried to evaluate the responses of these substances to the
periodized physical training in professional soccer players.

Therefore, the main objective of the present study was to verify
the behavior of the creatinine and urea concentrations determined
in the serum and urine, during a periodization developed in profes-
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sional soccer players. The secondary objectives were to analyze
whether the urinary method may be used as an alternative means
for the determination of the creatinine and urine concentrations; to
evaluate the periodized training effect in the performance parame-
ters and in the glomerular filtration rate; and to verify the existing
relations between seric creatinine and urea concentrations and the
performance parameters in professional soccer players.

METHODS

Participants

18 male professional soccer players, with mean age of 22,96 +
2,44 years participated in the study. The athletes, who were mem-
bers of an affiliated team from the Federal Federation of Sédo Pau-
lo, and the coaching commission, were previously informed about
the procedures which they would be submitted to. Later, they
signed a free and clarified consent form approved by the Ethics in
Research Committee from the Biosciences Institute of the State
University of Sao Paulo “Julio de Mesquita Filho"”; Rio Claro Cam-
pus. The selected athletes for the present study did not make use
of creatine, protein and amino acids supplementation as ergogenic
device.

Experimental outline

The performance evaluations were conducted in an athletics
official track and the blood samples, serum and urine analyses in
the Biodynamics Laboratory of the State University of Sado Paulo
"Julio de Mesquita Filho” Rio Claro Campus. The athletes were
evaluated in the beginning (T1, week 0), middle (T2, week 6) and
end (T3, week 12) of a periodization developed in professional soc-
cer players.

The evaluations were conducted in two days. On the first day, at
7:30 in the morning, the blood samples were collected (5 mL) at
fasting for the determination of the seric creatinine and urea con-
centrations. After the collections, the anthropometrical evaluation
was performed. On the second day, at 8:30 in the morning, the
tests for determination of the lactic anaerobic performance capac-
ity were conducted on an athletics official track. The 24 h urine
collection started on the first day of evaluation.

Training protocol

During the experiment, the athletes trained 10 sessions per week
added to an official game on weekends between T1-T2 and T2-T3.
There was an increase of 11.36% in the average volume of each
training session between T1-T2 (88 min) and T2-T3 (98 min).

The training protocol consisted of recovery training (e.g.: contin-
uous running with intensity between 50-60% of the maximal car-
diac frequency); aerobic (e.g.: 70-80% and 80-90% of the maximal
cardiac frequency between T1-T2 and T2-T3, respectively); soccer
specific (e.g.: game activities performed according to the athlete’s
position); velocity specific (e.g.: maximal efforts between 10-30 m
with and without ball conduction); tactic (e.g.: activities according
to the tactic scheme proposed ); technical (e.g.: attack x defense
on reduced fields); collective (game with the same characteristics
of an official one, but played with players and substitutes in 2 sets
of 30 min) and recreational (e.g.: athletes playing distinct functions
from the usual ones during the collective training). Table 1 pre-
sents the summarized characteristics of the training program be-
tween T1-T2 and T2-T3.

Anthropometrical evaluation

The athletes were submitted to an anthropometrical evaluation
which consisted of the height (H; cm) and total body mass (BM;
kg) measurement later used for the determination of the body sur-

face (BS; m?; equation 1).
BS = BM0425 x H0725 x 0,007184 (Equation 1)
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TABLE 1
Characteristics of the 12 week-training program
developed in professional soccer players

Training type Session Weekly Weekly frequency
duration frequency variation
T1-T2 T2-T3 From T1-T2 to T2-T3

Recovery* 30 min 4 2 -50%
Aerobic* 60 min 4 2 -50%
Soccer specific* 30 min 2 4 +100%
Velocity specific* 40 min 2 4 +100%
Tactic* 30 min 2 4 +100%
Technical* 40 min 2 4 +100%
Friendly* 60 min 3 3 0%

Recreational* 60 min 1 1 0%

* All training sessions occurred after a 156 min standardized warm-up.

The fat percentage (FP; %) was obtained through the measure-
ment of four skinfolds 9 with the aim to quantify the lean body
mass (LBM; equation 2).

LBM = BM - (FP x BM) (Equation 2)

Evaluation of the lactic anaerobic system efficiency

The lactic anaerobic system efficiency of the soccer players was
measured through a protocol developed by Ananias et al."® and
consisted of 5 maximal efforts of 30 meters, with a one-minute
passive pause, and blood samples collections for lactacidemia anal-
ysis at the 15, 3 and 5" minutes after the 5 efforts ending.

The mean velocity of the 5 efforts (Vm; m s); the blood lactate
peak concentration ([Lac] ,,; mmol.L"") and the ratio between the
blood lactate peak concentration and the mean velocity ratio
([Lacl ., /Vm; mmol.L/m.s?) for each athlete were registered as
lactic anaerobic performance parameters.

Evaluation of the aerobic capacity

The athletes’ aerobic capacity was obtained through the deter-
mination of the intensity corresponding to the anaerobic threshold
(iTan). The used protocol was the OBLA"” and it consisted of the
performance of 4 submaximal efforts of 800 meters with intensi-
ties corresponding to 12,4; 13,3; 14,4 and 15,7km.h"" which were
controlled by sound stimuli at each 100 meters.

There were passive intervals of approximately 45 seconds be-
tween the submaximal series for the blood collection. The iTan
corresponded to the lactate concentration of 4 mM and was ob-
tained through exponential interpolation of the lactacidemic curve
versus velocity.

Determination of the blood lactate concentration

25ul of artery blood were collected from the earlobe through
heparinized and calibrated glass capillary tubes. The blood was
placed in 1,5 mL microcentrifuge tubes with 50 ul of sodium fluo-
ride (NaF — 1%), for later determination of the blood lactate con-
centration (mM) in a Yellow Spring Instruments Electrochemical
Lactometer (YSI), model 1500 Sport.

Serum collection and analysis

The blood collections, performed with disposable materials
through a vacuum system in a 05 mL tube for serology without
anticoagulant (VACUETTE®), were conducted in a private laborato-
ry, after 8 hour-fasting and with a minimum interval of 12 h after
the performance of the last training session.

After the collections, the tubes were placed in water bath at
37°C during 45 minutes and centrifuged for 10 minutes at 480 g in
order to obtain the serum which was stored in 1,5 mL microcenti-
fuge tubes at —10°C for analysis of the creatinine!'® and urea®
concentrations.
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Urine collection and analysis

The athletes were instructed to dispose of the first urine of the
day, and from that moment on until 24 h later, all the eliminated
urine was collected and stored in 2 liter-plastic bottles with the aid
of a funnel. The urine volume (mL) was measured and the bottles
were kept refrigerated for creatinine®” and urea’® concentrations
analysis.

Determination of the glomerular filtration rate (GFR)

The GFR was determined through three distinct methods:
1- Estimated GFR through the seric creatinine® (mL.min") —
Equation 3

GFR = (140 — age) * weight (kg)/72 * seric creatinine (mg.dL™")

2- Real GFR not corrected by the body surface®” (mL.min) —
Equation 4

GFR_, = [urinary vol.(mL)/1440 * urine creatinine (mg.dL"))/ seric creatinine (mg.dL")

real —

3- Real GFR corrected by the body surface®?” (mL.min"/1,73m?)
— Equation 5.

GFR = Equation 4 x 1,73/BC

real corrected
Statistical analysis

According to the Shapiro Wilk's W test, the data collection pre-
sented normal distribution and the homogeneity was verified
through the Levine’s test. Therefore, the Anova one-way test was
used, followed by the post hoc test by Newman-Keuls whenever
necessary, with the purpose to verify the response of the analyzed
variables during the 12 weeks of periodization developed in pro-
fessional soccer players. The Pearson correlation analysis was ap-
plied between the variables. The data were expressed in mean +
standard deviation and the pre-set significance level was of 5%.

RESULTS

According to table 2, it is possible to verify that the anthropo-
metrical parameters did not present significant alterations during
the periodization.

TABLE 2
Behavior of the anthropometrical parameters during a
periodization developed in professional soccer players

T1 (n =13) T2 (n =18) T3 (n = 15)
Total body mass (kg) 72,51 + 7,71 72,97 + 7,91 72,68 + 8,26
Height (cm) 181,15 + 8,40 180,94 + 7,66 180,80 + 6,73
Body surface (m?) 1,92 £ 0,14 1,856 + 0,28 1,87 £ 0,27
Fat percentage (%) 7,38 + 2,38 8,31 + 2,81 7,97 + 2,66
Lean body mass (kg) 67,09 + 6,74 66,85 + 7,02 67,57 + 6,82

The [Lac] ., (mM) and the [Lac] ., /Vm (MM/m.s") ratio signifi-
cantly decreased in T3 (4,27 £ 1,70 mM and 0,65 + 0,17 mM/m.s
) when compared with T1 (6,35 + 1,94 mM and 0,97 + 0,29 mM/
m.s”) and T2 (5,50 + 1,42 mM and 0,82 = 0,21 mM/m.s™"). The iTan
significantly increased in T2 (14,03 = 0,97 km.h"") and T3 (14,47 =
0,62 km.h"") when compared with T1 (13,05 + 1,03 km.h""). No
significant correlations were observed between the lactic anaero-
bic parameters and the aerobic capacity (table 3).

It is possible to observe in table 4 that while the seric creatinine
concentration presented significant increase in T3 (1,54 + 0,52
mg.dL"), when compared with T1 (1,174 = 0,31 mg.dL") and T2
(1,24 + 0,26 mg.dL"), the seric urea concentration remained un-
changed during the study.

The urinary volume (mL) and the creatinine concentrations
(mg.dL") significantly decreased in T2 (569,17 + 348,38 mL and
170,91 £ 75,00 mg.dL") and in T3 (705,33 + 406,29 mL and 112,44
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TABLE 3
Behavior of the efficiency parameters of the lactic anaerobic system
(Vm, [Lac],,,,. [Lac] ., /Vm) and of the aerobic capacity (iTan) during
a periodization developed in professional soccer players

T1(n=13) T2 (n=18) T3 (n = 15)
Vm (m.s) 6,62 + 0,20 6,68 + 0,19 6,60 + 0,18
[Lacl,,., (MM) 6,35 + 1,94 5,60 + 1,42 4,27 + 1,10%
[Lac] ., /Vm (mM/m.s7) 0,97 + 0,29 0,82 + 0,21 0,65 + 0,17*"
iTan (km.h"") 13,05 + 1,03 14,03 + 0,97% 14,47 + 0,62%

Vm: Mean velocity; [Lac]
anaerobic threshold.

* Significant difference in relation to T1.
T Significant difference in relation to T2.

.o: Blood lactate peak concentration; iTan: Intensity corresponding to the

TABLE 4
Behavior of the creatinine and urea seric and urinary
concentrations, and the urinary volume during a
periodization developed in professional soccer players

Serum T1(n=13) T2 (n=18) T3 (n=15)
Creatinine (mg.dL") 1,14 £ 0,31 1,24 + 0,26 1,54 + 0,62*"
Urea (mg.dL") 21,17 + 4,35 19,49 + 5,09 22,19 + 5,66
Urine

Urinary volume (mL) 1.026,15 + 498,61 569,17 + 348,38* 705,33 + 406,29*

Creatinine (mg.dL") 250,17 + 114,76 170,91 = 75,00* 112,44 + 30,01*"
24 h creatinine (mg.kg'.24 h"') 30,82 + 11,60 11,82+ 7,02% 10,72 + 6,94*
Urea (mg.dL") 2.027,49 £ 661,54 963,05 + 431,48* 2.078,92 + 956,74"
24 h urea (mg.24 h) 18,26 + 6,07 503 + 3,50* 13,11+ 7,18*1

* Significant difference in relation to T1.
1 Significant difference in relation to T2.

+ 30,01 mg.dL"), when compared with T1 (1026,15 + 498,61 mL
and 250,17 = 114,76 mg.dL"). The creatinine concentrations were
also significantly lower in T3 when compared with T2. The 24 h
creatinine concentration was significantly lowerin T2 (11,82 = 7,02
mg.kg'.24 h") and T3 (10,72 + 6,94mg.kg’.24 h') when compared
with T1 (30,82 = 11,60 mg.kg'.24 h”"). The urea determined in the
urine (mg.dL") showed significant difference between T1 (2027,49
+ 661,54 mg.dL") and T2 (963,05 + 431,48 mg.dL") and between
T2 and T3 (2078,92 + 956,74 mg.dL"). The 24 h urea concentra-
tions in T2 (5,03 + 3,50 mg.24 h'') and T3 (13,11 + 7,18 mg.24 h)
were significantly lower than in T1 (18,26 + 6,07 mg.24 h™), being
also observed significant alteration between T3 and T2.

The estimated GFR significantly decreased in T3 (84,36 + 25,29
mL.min") when compared with T1 (119,92 + 28,38 mL.min").
Moreover, GFR not corrected by the BS and the corrected one
were lowerin T2 (60,47 + 29,24 mL.min"and 47,88 + 27,05 mL.mi-
/1,73m?2) and T3 (34,59 + 18,40 mL.min" and 30,24 + 15,77 mL.mi
'/1,73m?) when compared with T1 (148,60 = 77,93 mL.min"' and
134,23 + 71,68 mL.mi"/1,73m?) (table 5).

TABLE 5
Behavior of the glomerular filtration rate (GFR), determined
through 3 distinct methods, during a periodization
developed in professional soccer players

T1(n=13) T2 (n=18) T3 (n = 15)

Estimated GFR (mL.min") 119,92 + 28,38
GFR not corrected by the BS (mL.min") 148,60 + 77,93
GFR corrected by the BS (mL.min”/1,73m?) 134,23 + 71,68

99,98 + 26,18
50,47 + 29,24*
47,88 + 27,05*

84,36 + 25,29%
34,59 + 18,40*
30,24 + 15,77%

GFR: Glomerular filtration rate; BS: Body surface.
* Significant difference in relation to T1.

According to table 6, no significant correlations occurred between
the creatinine and urea concentrations determined in the serum
and urine in any of the studied periods.
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TABLE 6
Correlations between the creatinine and urea concentrations
determined in the urine and serum of professional soccer
players during 12 weeks of periodized training

Serum creatinine (mg.dL") Serum urea (mg.dL")

T T2 T3 T T2 T3
Urine creatinine (mg.dL") r=017 r=-0,14 r=-0,05 X X X
Urine 24 h creatinine (mg.kg".24h')  r=026 r=-055 r=-0,29 X X X
Urine urea (mg.dL") X X X r=035 r=027 r= 0,04

Urine 24 h urea (mg.kg™.24 h) X X X r=014 r=0,07 r=-0,08

According to table 7, the estimated GFR presented significant
correlation with the GFR not corrected by the BS (r = 0,70) and
with the GFR corrected by the BS (r = 0,76) only in T1.

TABLE 7
Correlations between the estimated glomerular filtration rate (GFR)
and the glomerular filtration rate not corrected by the body
surface and corrected by the body surface one of professional
soccer players during 12 weeks of periodized training

Estimated GFR (mL.min")

T T2 T3
GFR not corrected by the body surface (mL.min”) r=0,70* r=032 r=-005
GFR corrected by the body surface (mL.min/1,73m?) r=10,76* r=0,25 r=-0,14

* Significant correlation.

DISCUSSION

The anthropometrical characteristics of the evaluated soccer play-
ers in the present study are according to the results found in the
national® and international literatures?324. Besides that, the fact
that the anthropometrical parameters have not suffered any signif-
icant alterations during the training was also observed in French
soccer playersi?4.

The [Lacl ., and the [Lac] ., /Vm ratio significantly decreased
during the study and the obtained results in T3 (4,27 = 1,70 mM
and 0,65 + 0,17 mM/m.s™") were similar to the ones found in pro-
fessional soccer players of the Sao Paulo and Brazil first division®
(4,5 £ 1,00 MM and 0,66 + 0,176 mM/m.s™).

The decrease of the blood lactate concentration accumulated in
response to intermittent lactic anaerobic efforts may be explained
by two hypotheses. The first one is related to the increase of the
capacity of energy production provided by the lactic anaerobic sys-
tem, that is, in response to the specific training, the athlete would
present greater quantities of stored phosphagens (ATP-CP). Thus,
the participation of the lactic anaerobic way in the energy supply
for performance of lactic anaerobic efforts would be delayed, and
consequently, the blood lactate production in this type of exercise
would be lower"9.

The second hypothesis is based on the premise that athletes
who have high aerobic capacity remove the lactate produced in
anaerobic exercises more easily. Therefore, in response to the
periodized training, the athletes who present increase in the anaer-
obic threshold may recover the lactic anaerobic system more rap-
idlly(25-261,

The results of the present study show that the efficiency im-
provement of the lactic anaerobic system probably occurred due
to an increase of the energetic reserves of ATP-CP, once no signif-
icant correlation was observed between the lactic anaerobic pa-
rameters and the anaerobic threshold in any of the evaluated peri-
ods.

AiLan increased significantly between T1-T2 and T1-T3; besides
that, the indices observed in T3 (14,47 + 0,62 km.h") were similar
to the findings by Silva et al.?? (14,28 + 0,62 km.h"). However,
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they were lower than the results obtained by Ananias et al."® (16,1
+ 1,6 km.h").

The differences highlighted above may be explained by the com-
petitive level of the evaluated athletes. The results of the present
study, as well as the ones presented by Silva et al.??, were from
professional soccer players who played in the 2n division of the
Sédo Paulo championship. On the other hand, the sample used by
Ananias et al."® included players who were in the 1st division of
the championships from Sao Paulo and Brazil.

The main objective of this investigation was to verify the behav-
ior of the creatinine and urea seric and urinary concentrations dur-
ing a periodization developed in professional soccer players. The
seric creatinine concentration significantly increased in T3 when
compared with T1 and T2; however, due to the lack of significant
correlations, it is not possible to relate this increase with the alter-
ations in the aerobic and lactic anaerobic performances which were
also observed in the same training period. Moreover, few studies
have investigated the creatinine response to the periodized train-
ing(879)_

Lehmann et al.® did not verify significant alterations in the crea-
tinine seric concentrations in response to the increase of the train-
ing volume in long and medium distance runners. The same situa-
tion was observed by Lehmann et al.® in two groups of runners,
where there was volume increase in one and intensity increase in
the other.

The disparity between our findings and the ones mentioned
above may have occurred due to the differences between the stud-
ied modalities; however, the training period in which our athletes
presented significant increase in the seric creatinine concentra-
tions, suffered increases both in volume and intensity.

Conversely, the creatinine concentrations (mg.dL") measured in
the urine presented behavior opposite to the one observed in the
seric creatinine, that is, they decreased during the experiment. In
addition to that, significant correlations were not observed between
the creatinine concentrations determined in the serum and urine.
Paterson®” found that the seric creatinine concentration is more
constant and significant than the creatinine volume excreted in the
urine during 24 h.

The methodological restrictions of the 24 h urine collection pro-
tocol previously mentioned"® may be used in order to explain the
results discrepancy observed in the present study. The major lim-
itations of this protocol are related to the exact amount of urine
volume excreted; namely, the inclusion of the first urine in the col-
lected volume; the incomplete emptiness of the bladder in each
collection; and urine losses during shower and defecation. These
are some examples of the errors most commonly made by the
volunteers®?®. Usually the 24 h creatinine excretion (mg.kg'.24 h)
is constant in healthy individuals. Therefore, its measurement may
be used in order to confirmation whether the collection was cor-
rectly conducted. Values lower than 20 mg.kg'.24 h™" are an indica-
tion that the collection was not adequately conducted.

In our study, besides observing a significant decrease in the urine
volume collected during the periodization, both in T2 and T3, the
24 h creatinine values were below 20 mg.kg'.24 h''. Therefore,
we believe that the evaluated sample did not follow the instruc-
tions for the urine collection during 24 h correctly and probably
made some of the error described above.

Although some authors have observed variations in the seric
urea concentrations in response to intense training”.'#, in the
present study, as well as Halson et al.® with cyclists, we did not
verify significant alterations during the periodization. Moreover, the
variation range of urea concentrations in all training phases remained
within the reference values” (10-50 mg.dL").

Concerning the urea (mg.dL") and 24 h urea (mg.kg'.24 h') con-
centrations, we verified significant differences between the stud-
ied periods. Nevertheless, as mentioned before, due to the 24 h
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urine collection method limitation, these results are not trustwor-
thy and further studies are needed in order to confirm them.

All the GFR determination methods decreased in response to
the periodization training; however, the percentage decreases be-
tween T1-T2, T2-T3, and T1-T3 were higher for the GFR not cor-
rected by the BS (-66,04%, -31,46%, —76,72%) and GFR correct-
ed by the BS (-64,33%, —-36,84%, —77,47%) comparing with the
estimated GFR (-16,63%, —15,62%, —29,65%).

In addition to that, significant correlations of the estimated GFR
with the GFR not corrected by the BS and GFR corrected by the
BS were observed only in T1. The lack of correlation in the remain-
ing periods is probably due to the limitation in the urine collection
previously mentioned. Nonetheless, data which mention the be-
havior of the glomerular filtration rate during physical training are
still scarce in the literature.

The results obtained in the present study are extremely impor-
tant to professionals who work with high level soccer, since they
present a periodization that was efficient in developing the aerobic
and lactic anaerobic performances. Conversely, the lack of correla-
tion between the performance and creatinine and urea seric con-
centrations limits the utilization of these markers only to the train-
ing monitoring, as substances sensitive to volume and intensity
changes. Another limitation verified during the study was the urine
utilization as an alternative means for determination of the urea
and creatinine concentrations.

Therefore, we may reach the conclusion that the creatinine con-
centrations determined in the serum and urine of professional soc-
cer players were sensitive to the training program developed; nev-
ertheless, they presented opposite behavior. Such fact is probably
due to the methodological limitation of the 24 h urine collection
technique which should not be used in professional soccer players
as an alternative for creatinine and urea concentrations evaluation.

Moreover, the periodization developed was efficient for the aer-
obic and lactic anaerobic performances evolution of the soccer play-
ers and altered their glomerular filtration rate as well. The lack of
correlation between the seric creatinine and urea and the perfor-
mance parameters demonstrate the need of further investigation
which are able to elucidate more clearly the relation between the
seric creatinine and urea concentrations and the performance of
professional soccer players. A possible alternative would be the
evaluation of the team's global performance during a competition
instead of individual evaluations.
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