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Abstract Recovery strategies in soccer are key for restoration of the metabolically challenged body homeostasis. To
better understand the mechanisms of recovery, we analyzed the hematologic and immunological responses of three different
recovery strategies after competitive soccer match play. Forty-two male professional soccer players (age, 25.7 4.6 years;
body mass, 75.8 6.4 kg; % body fat, 11.0 +2.2%; VOynax 50.4 = 3.9 mL/kg/min) were followed-up during three
consecutive days. The players were divided into three equal groups (n = 14), each of which performed one of three recovery
programs after completing a soccer match: passive recovery (PR), active/jogging recovery (AR), and cryotherapy (CR).
Blood samples were collected before, immediately after, and 24, 48, and 72 hrs after the match. After the match, the
hematologic parameters were not significantly different between groups (p > 0.05). Regardless of the recovery strategy,
significant changes were observed after the match in erythrocyte count (hemoglobin and hematocrit), yet with no
physiological value. All groups showed post-match leukocytosis, which was mostly a reflection of increased neutrophil and
monocyte count (p < 0.05). Match-induced leukocytosis was reversed during the recovery period. The metabolic demands of
a soccer game were not sufficient to elicit a hematologic response with physiological meaning. Passive, active, and
cryotherapy recovery strategies similarly reversed match-induced immunological responses in soccer players.
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basal values depends on the duration, intensity, and type of
exercise. For instance, the extent of changes in total
leukocyte and neutrophil count depends on exercise
intensity [10].

Sometimes during competition season, the recovery time

1. Introduction

Soccer is a complex and demanding sport that combines
cyclic and acyclic movements with high eccentric loading

[1]. Recent studies [2-7] have demonstrated that eccentric
contractions have a considerable impact on the hematologic
response (hemolysis) and on several immunological
markers (leukocytosis, neutrophilia).

From a metabolic perspective, soccer is essentially an
aerobic sport [8] with sporadic outbursts of high-intensity
sprinting, which tax lactic and alactic anaerobic systems.
Despite its highly aerobic nature, soccer is very demanding
metabolically, and significantly disrupts tissue homeostasis,
especially in skeletal muscle [9].

The stress induced by long and intense exercise might
trigger a series of acute hematologic and immunological
changes (hemogram, leukogram). The time of recovery to
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between two matches can be as short as 72 hours, and return
to training sessions can occur within the first 24 hours after
a match. However, such short times might be insufficient
for normalization of the physical performance of the
athletes [11]. Therefore, recovery training has become
increasingly important, and is now recognized as key in the
development of performance and injury prevention [12, 13].

A variety of different recovery training methods are
incorporated into training design to help in recovery and
fast return to play [14, 15]. Active recovery with
low-intensity exercise provides good recovery [16, 17],
especially favoring the clearance of blood lactate [18, 19]
and creatine kinase [20]. Cryotherapy, another method for
reducing the symptoms of delayed-onset muscle soreness, is
still matter of controversy [21, 22]: some studies have
reported good results [23-25], while others failed to find
significant improvements in a variety of parameters [13, 26,
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27].

The recovery process directly influences the ability to
return to normal training and performance levels. In soccer,
the mechanisms of recovery have not yet been fully
investigated. To add information about the current recovery
methods in soccer, we investigated how and to what extent
do three different recovery strategies—passive recovery,
active recovery, and cryotherapy—affect several
hematologic and immunological biomarkers after a soccer
match.

2. Methods

2.1. Participants

Participants were 42 male professional soccer players (age,
25.7 x£ 4.6 years) who played in first division soccer
championship in 2012. Prior to the study, all participants
were informed of the nature of the experimental procedures
and gave their written consent. The study was approved by
the ethical review board of Fundag® Hospitalar do Acre
(FUNDACRE) (approval no. 648/2011).

2.2. Experimental Design and Procedures

The study was conducted during seven matches of the
2012 Acre Championship (Acre, Brazil). Each subjected was
evaluated at a single match. Seventy-two hrs before each
match, selected players were subjected to anthropometric
measurements and to shuttle run test [28] for an estimation of
maximal oxygen consumption (VOpna). Five to seven
athletes were selected per match. On the day of each match,
the players were asked to arrive at the venue 2 hrs before the
start of the match. During this 2-hr period, the first blood
samples were withdrawn. Blood collection was also
performed immediately after the match in players who
completed the full 90 min of the match and suffered no
injuries. Blood was also collected at 24, 48, and 72 hrs after
each match. The players were not allowed to consume any
dietetic supplements or ergogenic aids before, during and for
a few days after the match. Water was made available ad
libitum during and after each match. During the three-day
recovery period, all players maintained the same diet as
provided by their own club.

The recovery protocols were administered after the
immediate post-match blood sampling. The participants
were randomly divided into three groups of 14 players.
Recovery protocols were administered after competitive
match play: the passive recovery group (PR) did not perform
any training during the three days following the match; the
active recovery group (AR) performed three 30-min training
sessions (one training session per day) consisting of
continuous jogging at 50% of the individual’s VO,mq; and
the cryotherapy group (CR) performed three 10-min sessions
(one session per day) of immersion to iliac crest level into
stirred cold water (10<C).

2.3. Hematologic and Immunological Analysis

For blood collection, the participants were asked to siton a
chair. Antecubital fossa skin was cleaned with 95% alcohol,
and 5 mL of blood from the arm vein were collected into K3
EDTA-coated tubes (Greiner Bio-One, Austria). The
collection tubes were immediately refrigerated and
transported to the laboratory for hematologic and
immunological analysis. A complete blood count was
obtained with an automated hematology analyzer (Sysmex
XT-1800i™, Sysmex, Japan). The following parameters
were analyzed: Hg, Hct, MGV, MGH, MGHC, red blood cell
distribution width (RDW), and erythrocyte, leukocyte,
neutrophil, monocyte, and lymphocyte count.

2.4. Statistical Analysis

Descriptive data are presented as means = standard
deviations. Data normality was checked with Shapiro-Wilk
test. Comparisons between groups were performed with
repeated measures analysis of variance (ANOVA), and
Bonferroni stepwise adjustment was applied for post-hoc
comparisons. SPSS™ version 18.0 was used for all analyses.
Statistical significance was set at p < 0.05.

3. Results

The participant demographics are presented in Table 1.
There were no significant differences between groups in
terms of age, weight, percentage of body fat, and VOpax.

Table 1. Demographics of the participants undergoing active recovery
(AR), passive recovery (PR), or cryotherapy (CR)
Variables AR (n=14) PR (n = 14) CR (n=14)
Age [years] 25.1+48 249437 26.9 +5.2
Weight [kg] 73.1+6.3 775 %55 76.9 +6.8
Body fat [%] 10.4 +2.3 116 £2.1 10.9 £2.2
VO3max [MI/kg/min] 55.1 +3.8 49.1+36 49.9 +4.0

Erythrogram data obtained at baseline, immediately after,
and 24, 48, and 72 hrs post-match are shown in Table 2. No
significant differences were found between baseline and
immediate post-match values. However, 24 hrs after the
match, a significant reduction in erythrocyte count (Hb and
Hct) was observed for PR and AR, compared with immediate
post-match values; this reduction persisted until 72 hrs after
the match. No changes were observed in CR. A slight yet
non-significant reduction in MGV and RDW was observed
immediately after the match, but values returned to baseline
as early as 24 hrs post-match.

Immune cell changes during follow-up are shown in Fig. 1.
Immediately after the match, total leukocyte count increased
by 89.9%, 86.3%, and 92.7% in PR, AR, and CR,
respectively (p < 0.05; Fig. 1A). This leukocytosis mainly
reflected increased neutrophil (Fig. 1B) and monocyte (Fig.
1C) numbers. Additionally, a significant reduction in
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eosinophils (Fig. 1D) and lymphocytes (Fig. 1E) was levels 24 hrs after administration of any of the three recovery
detected after the match. Cell count returned to baseline protocols (Fig. 1A-1E).

Table 2. Erythrogram data (mean =standard deviation) obtained before, immediately after, and 24, 48, and 72 hrs post-match in soccer players undergoing
active recovery (AR), passive recovery (PR), or cryotherapy (CR)

Parameters Group  Before the match  After the match 24 hrs after the match 48 hrs after the match 72 hrs after the match
AR 5.2 +0.4 52+0.4 5.1+04° 5.0+0.3" 5.0404°
Erythrocytes b b
(millions per mm?) PR 5.1+0.4 52404 49+04% 5.0+0.3 5.1+0.3
CR 5.1+0.6 49+03 5.1+0.8 4903 5.0 +0.3
AR 14.8+0.8 14.6 +1.0 14.3+0.8* 14.1 +0.82 142 40.7%
Hemoglobin (g/dL) PR 14.6 +£1.0 14.9 +1.2 14.0 £0.8° 143 4038 145+10
CR 145 +0.9 14.4 +0.6 14.4 +0.7 14.6 +0.7 14.6 +0.7
AR 442423 44025 42.6 £2.4%° 42.1+26%° 42.6 £2.0%°
Erythrocytes (%) PR 43.6 £3.2 44.0 £2.8 42.0£2.8%° 431 432" 436+32°
CR 431427 426 +17 428420 43.6 +2.2 435420
AR 85.3 +5.2 85.0 +6.6 84.1 +5.4 85.0 +5.4°¢ 85.2+52°
MGV (fL) PR 86.3 +4.5 85.3 +4.7 86.4 +4.9° 86.4 +5.1 86.4 +4.5°
CR 85.4+7.7 86.8 +3.4 87.6 +3.9 88.7 +£5.3 87.0 +£3.4
AR 28.6 +1.9 28.2+1.9 28.4+1.9 28.4+1.9 28.4+1.9
MGH (pg) PR 28.8+1.4 28.6 +1.2 28.8 +1.4 28.7 +1.6 28.9 +1.2
CR 28.5+25 29.3+1.1 29.3+1.2 295 +1.7 29.3 +1.0
AR 33.6 +0.9 335+1.1 33.6 +0.8 33.6 £0.9 33.4+0.7
MGHC (%) PR 33.4+0.7 33.7+0.8 33.3+0.9 33.1+1.2 335409
CR 33.8+0.8 33.9+0.7 33.5+0.6 33.3+05 33.4+0.9
AR 13.6 +0.8 13.6 +0.9 135+0.8 135 +0.7 13.5+0.7
RDW (%) PR 13.3+0.7 13.4 +0.6 13.4 +0.7 13.3+0.7 13.3+0.7
CR 13.4 405 13.3+0.5 135+05° 13.5+0.6 13.3+0.4

MGV, mean globular volume; MGH, mean globular hemoglobin; MGHC, mean globular hemoglobin concentration; RDW, red blood cell distribution width.
Different from before the match (p < 0.05); ° Different from immediately after the match (p < 0.05); ¢ Different from 24 hrs after the match (p < 0.05)
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Figure 1. Cell count of leukocytes (A), neutrophils (B), monocytes (C), eosinophils (D), and lymphocytes (E) obtained before (pre), immediately after
(post), and 24 hrs (3), 48 hrs (4), and 72 hrs (5) post-match in soccer players undergoing active recovery, passive recovery, or cryotherapy. No changes in

blood cell count were found between groups. * p < 0.05

4. Discussion

Intense  physical  exercise  generally  induces
hemoconcentration, with  consequences for several
hemogram parameters. Changes in hematocrit with exercise
stress have been reported [29]. However, in the present study,
no significant changes in hematocrit were observed
immediately after completing a soccer match. One possible
explanation for this discrepancy is that in the present study,
the soccer players were allowed to drink water ad libitum
during and after the match; this might have impeded
dehydration and prevented hemoconcentration. We did not
measure changes in plasma volume, but it is plausible that

hydration ad libitum might have contributed to normal
plasma volume and hematocrit. This is supported by work of
Knechtle et al. [30], who found increased plasma volume and
reduced hematocrit after a 100-km ultra-marathon despite a
significant decrease in body weight.

Nonetheless, our findings are in agreement with those of
previous studies with soccer players [31] and ultra-marathon
runners [32]. In both studies, changes in erythrocytes,
hemoglobin, and hematocrit were considered clinically
non-significant.

We observed a slight decrease in erythrocytes,
hemoglobin, and hematocrit at 24 hrs post-match in PR and
AR. This might have occurred due to hemodilution
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subsequent to expansion of extracellular fluid volume and
increase in plasma volume [33]. In fact, Karakoc et al. [4]
observed that after a 90-min training session performed two
days after a match, the soccer players presented a decrease in
blood viscosity, and subsequent decrease of hemoglobin and
hematocrit.

The decrease in erythrocyte count and hemoglobin and
hematocrit levels at 24 hrs post-match in PR and AR might
also be related with mechanical stress: the jumps, falls,
tackles, and crashes of a soccer match might overstress both
footstrike and intravascular hemolysis [34]. In a study
involving 851 athletes, Schumacher et al. [35] found low
hematologic indices in endurance runners but not in cyclists,
suggesting that the mechanical pattern of running is more
traumatic and hemolytic than cycling.

Several hematologic parameters (e.g. hematocrit,
hemoglobin, and RDW) change throughout the competitive
season [33]. Ostojic & Ahmetovic [6] observed higher
hematocrit values during the preseason. In a three-year study
with 27 soccer players, Malcovati et al. [2] also reported
higher hemoglobin and hematocrit values at the start of the
competitive season (from June to September) compared with
the rest of the season (from October to January), possibly due
to higher blood dilution during the latter period. It is
important to note, however, that in our study changes in
erythrocytes, hemoglobin, and hematocrit were considered
to be clinically non-significant.

Regarding the immune function, we observed an increase
in the leukocyte population after the match. This mainly
reflected an increase in neutrophils and monocytes. However,
the values returned to baseline levels within 24 hrs after the
match; this was irrespective of the recovery protocol. Other
studies reported similar results [3, 5, 36]. Match-induced
leukocytosis (with neutrophilia and lymphopenia) was also
in accordance with the observations of Gravina et al. [7].
Leukocytosis is a normal acute response usually due to an
increase in neutrophils. Leukocytosis depends on the
duration, intensity, and type of exercise [36-38]. High
plasma levels of hormones (e.g. adrenaline, cortisol, growth
hormone, and prolactin) can also induce leukocytosis due to
immunomodulatory capacity [36].

The neutrophilia observed in our athletes followed the
temporal pattern of an acute neutrophil response: neutrophil
count typically rises above baseline values immediately after
exercise to remain high for 120 min [39]. This response is
due to neutrophil demargination, namely high cardiac output
induced by high catecholamine and cortisol levels [38, 40].
A similar pattern is observed for monocytes [41, 42]. In the
present study, we observed a transient monocytosis that
might have been related with macrophage activation during
the inflammatory response [43].

The lymphopenia observed after the match is in
accordance with other studies. Nagatomi [44] suggested that
lymphopenia is caused by increased glucocorticoid release.
Additionally, Shinkai et al. [45] reported that lymphopenia
occurs concomitant with a rise in plasma cortisol level.
Moreover, during exercise, the skeletal muscle tissue is

disrupted. Altogether, these observations support the close
link between exercise and immune function.

Interestingly, all three protocols induced similar
immunological response after the match. However, it is
generally accepted that post-match active recovery with
low-intensity exercise has beneficial effects [16, 17].
Fairchild et al. [46] reported that active recovery performed
at 30-60% VO,max during at least 15 min promotes more
rapid return to baseline lactate levels than passive recovery.
In addition, Suzuki et al. [47] have shown the importance of
low-intensity exercise performed during the recovery period
on psychological recovery and relaxation.

Despite a lack of effect on hematologic and
immunological biomarkers, cryotherapy promoted the
normalization of Hb and Hct levels, suggesting its potential
benefits in recovery. On the contrary, Hb and Hct levels were
decreased in PR and AR at 24 hrs post-match. These findings
are supported by Banfim et al. [48], who showed that
cryotherapy could be useful to decrease exercise-induced
hemolysis.

Nevertheless, players subjected to cryotherapy had
slightly higher leukocyte cell numbers up to 72 hrs
post-match compared to players in PR and AR, which
suggests the effect of cold-water immersion in the activation
of the immune system [49, 50]. In this line, Stacey et al. [51]
observed that, compared to active and passive recovery,
cyclists responded well to cryotherapy, with increased
immune-system  blood  markers  (neutrophils  and
lymphocytes) and higher perceived exertion scores, i.e.,
reduced symptoms of delayed-onset muscle soreness.
According to recent studies [23, 24], reduced delayed-onset
muscle soreness could be the result of a reduction in nervous
conduction velocity and muscle spindle activity, which break
the pain-spasm-pain cycle, thus exerting a short-term
analgesic effect. However, it is important to know that the
beneficial effects of neutrophil and lymphocyte rising during
the recovery process are still unknown. In fact, a highly
activated immune system is an indication of ongoing skeletal
muscle disruption.

The currently used hematologic and immunological
markers might not be the best choice for monitoring the
advantages of recovery training protocols. Another limiting
factors might be the 24-hr interval between match and data
collection, which could be outside the “window of activity”
of the biomarkers tested. Further analyses with a broader
range of markers and a larger number of players, and with
data collected within the 24 hrs post-match, are warranted.

5. Conclusions

A single soccer match was not sufficient to induce
significant acute changes in hematologic parameters. The
changes in erythrocytes, hemoglobin, and hematocrit during
the recovery period were significant but clinically
non-relevant. On the other hand, immune cell counts
(marked leukocytosis with neutrophilia and lymphopenia)



International Journal of Sports Science 2014, 4(6A): 12-18 17

were significantly changed post-match. The reverse of the
immunological response induced after the match was
irrespective of the recovery strategy. However, the
hematologic and immunological markers herein used might
be limited in detecting differences between recovery
strategies.  Therefore, future studies using other
physiological parameters are needed to further investigate
the differences between active, passive, and cryotherapy
recovery strategies.
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