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Abstract

Background: Exercise-related studies do not agree on changes in blood parameters regarding anemia and serum immunoglobulin
concentration as adaptive immunity.
Objectives: The current study aimed to investigate exercise-induced variations in hematological and immunological parameters
in response to one bout of intensive judo exercise in adolescent elite judoka.
Methods: Venipuncture was performed on ten adolescent male Iranian elite judoka (age: 15.60 ± 0.69 years; body mass index:
24.15 ± 2.80 kg/m2) before and immediately after one bout of intensive judo protocol. Erythrocyte variables [red blood cell count
(RBC), hemoglobin (HGB), hematocrit (HCT), mean corpuscular volume (MCV), red distribution width (RDW), mean corpuscular
hemoglobin (MCH), mean corpuscular hemoglobin concentration (MCHC)], platelets variables [platelet count (PLT), platelet distri-
bution width (PDW), mean platelet volume (MPV), plateletcrit (PCT)], cellular immune variables [white blood cell (WBC), neutrophil
(NEU), lymphocyte (LYM)], and humoral immune variables (IgM, IgA, IgG, IgE) were measured. Data were analyzed using Wilcoxon
and paired-samples t-test, and P < 0.05 was considered significant.
Results: After the plasma volume was corrected using the Dill and Costill equation, the results showed that RBC, HGB, HCT, MCHC,
IgA, and IgM decreased significantly immediately after exercise. However, MCH, RDW, PLT, PDW, MPV, PCT, WBC, LYM, NEU, IgG, and
IgE did not change significantly.
Conclusions: According to the findings, it can be concluded that intensive judo exercise results in transient anemia and suppres-
sion of humoral immune response among adolescent elite judoka.
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1. Background

Coaches and sport team physicians are interested in
maintaining the health of their athletes during training
and competition sessions. Epidemiological evidence sug-
gests that heavy acute or chronic bouts of strenuous ex-
ercise correspond with an increased incidence of upper
respiratory tract infections (URTI) that can negatively af-
fect the health and performance of athletes (1). Previous
research has particularly confirmed that intense exercise
required in competitive sports is related to a threefold
higher incidence of URTI (2). This increased risk of infec-
tion reflects altered or suppressed immunity. To elucidate
what exercise-induced changes occur, researchers have as-
sayed different aspects of the immune function (3). Exer-
cise immunologists have long been interested in the rela-

tionship between infection and exercise; however, the na-
ture of this relationship remains underdetermined. Im-
mune responses to pathogens are mainly examined using
the relative plasma level of antibodies. Leukocytosis in ath-
letes might be due to an inflammatory response induced
by tissue injury (4). In addition, red blood cells (RBC),
hemoglobin (HGB), and hematocrit (HCT) have been con-
sidered as screening markers for anemia (5). Other hema-
tological parameters related to immunity and exercise are
circulating immunoglobulins (4).

An antibody is a large, Y-shaped glycoprotein belong-
ing to the immunoglobulin superfamily, which is mostly
secreted by differentiated B cells called plasma cells (6).
The membrane-bound form of immunoglobulin is at-
tached to the surface of a B cell, referred to as the B cell re-
ceptor, which facilitates the activation of B cells and their
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subsequent differentiation into memory B cells. Moreover,
soluble antibodies are secreted from the cell to be free in
the blood plasma and tissue fluids (6). Five major antibody
classes have been identified in placental mammals: IgA,
IgD, IgE, IgG, and IgM (7). Among these, IgM is the first im-
munoglobulin expressed during B cell development and is
associated with a primary immune response. IgA is found
in high concentrations in mucosal surfaces and secretions,
including the saliva, while IgD is found at very low lev-
els in the serum that may be attributed to short half-life.
With the lowest serum concentration and the shortest half-
life, IgE is a very potent immunoglobulin and participates
in hypersensitivity and allergic response (7). Finally, with
the most prolonged serum half-life of all types, IgG is the
predominant immunoglobulin isotype that is found in all
body fluids and participates in all immune responses (8). It
has been reported that a high level of this immunoglobu-
lin suggests an increase in the intensity of immune system
activities and indicates an inflammatory response (9).

As stimulants, stress, and physical activity induce
changes in the immune system. In reality, the acute im-
mune response to exercise depends on the intensity and
duration of effort (6). It has been postulated that during
moderate- and vigorous-intensity aerobic exercise bouts of
less than 60 min, both the antipathogen activity of tissue
macrophages and recirculation of immunoglobulins are
enhanced (6). Reports indicate, moreover, that the number
of leukocytes, immature neutrophils, mature neutrophils,
monocytes, and serum IgG are increased, whereas lympho-
cytes, serum IgA, and IgM do not change after 100-km ultra-
marathon under cold conditions in runners (4). More-
over, McKune et al. (3) report that although total IgG in-
creases immediately, IgD and IgM significantly reduce im-
mediately and 24 hours after a 90-km ultra-marathon race
in experienced ultra-endurance runners. Besides, signifi-
cant increases in RBC, HGB, white blood cells (WBC), and
their main subpopulations (i.e., monocytes, neutrophils,
and lymphocytes) have been observed after short-term
Wingate test in football players (10). In contrast, neither
a 30-minute aerobic exercise on a treadmill and the 30-
second anaerobic Wingate test have had a significant effect
on IgG, IgM, and IgA in elite volleyball players (11). However,
after two and five days of aerobic exercise, the IgA, IgG, and
IgM levels are reported to increase significantly in athletes
as compared to pre-exercise levels (11). Also, serum IgA level
does not change after four sets of bench press and squat at
an intensity corresponding to 85% of one repetition max-
imum with varying rest intervals (60-, 90- or 120-second)
in young resistance-trained men (12). Finally, no signifi-
cant changes have been observed in absolute concentra-
tion and secretory IgA rate immediately after a kickboxing
match (13).

Because of the combative nature of the sport, elite judo
athletes are required to possess great physical prowess
as well as sophisticated techniques for successful perfor-
mance (14). Hence, judo athletes incorporate intensified
physical and technical training into their pre-competition
training program. It has been shown that strenuous bouts
of exercise affect critical physiological functions in elite
athletes (15). In this regard, Tsai and colleagues (14) re-
ported that prolonged intensive training, in combination
with rapid weight loss, affects mucosal immunity nega-
tively and increases the chances of URTI development in
elite male and female athletes. To the best of our knowl-
edge, the effects of intensive judo on hematological and
immunoglobulin concentrations have not yet been well
examined in adolescent elite judo players.

2. Objectives

the current study aimed to investigate exercise-
induced changes in hematological and immunological
parameters in response to one bout of intensive judo in
adolescent elite judoka.

3. Methods

3.1. Participants

The research protocol was approved by the Institu-
tional Review Board (University of Bojnord, Iran) prior to
subject enrollment. Ten adolescent male Iranian elite ju-
doka (aged 15.60 ± 0.69 years) were recruited from Bo-
jnord city (North Khorasan Province) to participate in this
present experimental study. Identification card informa-
tion was the basis for determining the age of the players.
The study took place in the off-season of competitions. The
participant’s history of judo was 5.70± 1.70 years. The judo
athletes were examined by a physician two weeks before
the protocol was started, and there were no reports of URTI
symptoms in the subjects (10). The subjects had a history
of winning medals in national and international compe-
titions. All players were in the first grade and had a black
belt degree (first dan). No subjects had a history of chronic
respiratory disease (3) or a history of hematologic diseases
(16). In addition, they had no history of smoking or us-
ing drugs, steroid hormones, and nutritional supplements
(10, 16). The procedures of the study were explained to the
subjects and their parents before the study. Written in-
formed consent was obtained from each subject’s parent,
which was approved by the institutional ethical commit-
tee for human use (IR.IAU.BOJNOURD.REC.1398.013). The
procedures were in accordance with the 1975 Declaration
of Helsinki, as revised in 1996. Finally, the subjects were
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encouraged to participate voluntarily and were allowed to
leave the study, even without any wrongs, resentment, or
discontent (10).

3.2. Determination of Body Composition

The body composition of subjects was determined one-
week prior to the testing day using a bioimpedance body
composition analyzer (IOI 353 model, Danilsmc Co, South
Korea) in the Islamic Azad University (Bojnourd branch).
For this purpose, the participants were asked to empty
their bladder prior to testing, to stand on metal footpads
in bare feet, and to grasp a pair of electrodes fixed on a han-
dle. Details of the body composition of participants are re-
ported in Table 1.

Table 1. Body Composition of Adolescent Elite Judo Athletesa

Variables Values

Weight (kg) 77.38 ± 14.49

Height (cm) 176.70 ± 9.98

BMI (kg/m2) 24.15 ± 2.80

WHR 0.78 ± 0.03

PBF (%) 17.93 ± 4.39

MBF (kg) 14.31 ± 6.14

LBM (kg) 64.77 ± 10.24

SLM (kg) 59.97 ± 9.15

TBW (%) 46.62 ± 7.38

BMR (kcal) 1763.2 ± 187.13

TEE (kcal) 2715.1 ± 288.21

MF left arm (kg) 0.93 ± 0.37

MF right arm (kg) 0.92 ± 0.36

MF trunk (kg) 7.34 ± 3.17

MF left leg (kg) 2.47 ± 1.21

MF right leg (kg) 2.56 ± 1.11

SLM left arm (kg) 3.94 ± 0.65

SLM right arm (kg) 3.93 ± 0.65

SLM trunk (kg) 29.83 ± 4.32

SLM left leg (kg) 11.11 ± 1.72

SLM right leg (kg) 11.14 ± 1.83

Abbreviations: BMI, body mass index; BMR, basal metabolic rate, FFM, fat-free
mass; LBM, lean body mass; MBF, mass of body fat; MF, mass of fat; PFB, percent
of body fat; SLM, soft lean mass; TBW, total body water; TEE, total energy expen-
diture, WHR, waist to hip ratio
aData presented as mean ± standard deviation.

3.3. Intensive Judo Protocol

The current study took place under the supervision of
a qualified and experienced judo coach at Bojnord Judo

Home (Alidokht Sports Complex, Bojnord). The study be-
gan at 11 a.m. and lasted for about 1.5 hours. Three days
before the judo protocol initiated, the subjects received
glycogen loading and were prohibited from performing
any exercise during the time. During the exercise, they
were asked to take a brief rest if they were excessively fa-
tigued. They had free access to water during the exercise.
All the participants had a similar breakfast in the morning
of the test. Acute judo exercise involved aerobic and anaer-
obic exercise, as well as concentric and eccentric types of
movement. The protocol consisted of the following:

- Warm-up (15 minutes): Jogging and stretch exercise
with sport-specific calisthenics such as shadowing tech-
niques without opponents.

- Technique drills (45 minutes): The subjects performed
typical judo skills at high-intensity and short duration.
These drills consisted of standing (tachi-waza) and lying
techniques (sutemi-waza), as shown in Table 2. Twenty sec-
onds of inactive recovery was allocated between each set.

- Iron man (10 minutes): The subjects were placed in 4
groups (3 athletes per group) with 1 subject in each group
designated as the iron man. He continuously faced new
participants every 60 seconds with a 30-second rest be-
tween each interval. Each judo player was the iron man at
least once during this drill.

- Live matching (10 minutes): Each judo player was
paired and competed twice with a partner of similar
weight and ability. Every pair of judoka competed for one
round, with each round lasting for 4 minutes and a 120-
second rest between each competition.

- Cool-down (10 minutes): Jogging and stretching exer-
cise.

3.4. Sample Collection and Biochemical Assays

Blood samples of 6 mL were collected from the par-
ticipants’ antecubital vein by standard phlebotomy be-
fore and immediately after the exercise session. Postural
changes can influence plasma volume; therefore, the pro-
cedures of blood collection in pre- and post-judo phases
were identical (4). The 3 mL blood samples were collected
in tubes containing ethylene diamine tetraacetic acid. The
collected samples were stored under cold conditions and
sent to Farzandian’s Pathobiology Laboratory (Bojnord,
Iran). Erythrocyte variables (RBC, HGB, HCT, MCV, RDW,
MCH, MCHC), platelets variables (PLT, PDW, MPV, PCT) and
leukocyte variables (WBC, NEU, LYM) were assayed using
a Sysmex automated hematology analyzer (K-1000 Model,
Sysmex Corporation, Japan). The remaining samples were
centrifuged (Universal Model, Behdad Corporation, Iran)
for 15 min at 1500 rpm and 4ºC to remove cells and debris
(3). The supernatants were stored at -80ºC until used.
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Table 2. Acute Judo Exercise Protocol

Technique Details

Standing technique (tachi -
waza)

Hand technique (te-waza)

Ippon seoi nage 3 sets of 10 reps without throw + 3 sets of 5 reps with throw

Morote-seoi-nage 3 sets of 10 reps without throw + 3 sets of 5 reps with throw

Tai otoshi 3 sets of 10 reps without throw + 3 sets of 5 reps with throw

Waist technique (koshi-waza)

O goshi 3 sets of 10 reps without throw + 3 sets of 5 reps with throw

Koshi guruma 3 sets of 10 reps without throw + 3 sets of 5 reps with throw

Ushiro goshi 3 sets of 10 reps without throw + 3 sets of 5 reps with throw

Leg technique (ashi-waza)

Uchi mata 3 sets of 10 reps without throw + 3 sets of 5 reps with throw

Okuriashi harai 3 sets of 10 reps without throw + 3 sets of 5 reps with throw

Hiza guruma 3 sets of 10 reps without throw + 3 sets of 5 reps with throw

Lying technique (sutemi-waza)

Supine technique (ma-sutemi-
waza)

Tomoe nage 1 set of 10 reps with throw

Ura nage 3 sets of 10 reps with throw

Tawara gaeshi 3 sets of 10 reps with throw

Side sleeping technique (yoko-
sutemi-waza)

Kata guruma 3 sets of 10 reps with throw

Sumi gaeshi 3 sets of 10 reps with throw

Tani otoshi 3 sets of 10 reps with throw

We used the commercial ELISA kits to measure the
protein contents of total IgA, total IgM, and total IgG in
the serum according to the immunoturbidimetry method.
In addition, serum IgE assay was carried out by an assay
kit according to the chemiluminescence method. Finally,
changes in plasma volume after acute judo exercise were
calculated using the Dill and Costill equation (16).

3.5. Statistical Analyses

All statistical analyses were performed using the Statis-
tical Package for the Social Sciences version 16.0 (IBM, Inc.,
Chicago, IL). Initially, the homogeneity of the samples was
determined by the Shapiro-Wilk normality test. Then, the
paired-sample t-test and Wilcoxon Signed Ranks test were
used to compare the mean differences between pre- and
post-tests in parametric and non-parametric variables, re-
spectively. In addition, the level of significance was set at P
< 0.05.

4. Results

In the context of hematological variables, RBC (z =
2.193, P = 0.025), HGB (z = 2.497, P = 0.010), HCT (t = 2.591,
P = 0.029), and MCHC (t = 3.150, P = 0.012) significantly de-
creased, whereas MCV (t = 0.488, P = 0.637), MCH (t = 0.453,
P = 0.661), and RDW (z = 1.336, P = 0.207) did not signifi-
cantly change (Table 3). In addition, PLT (z = 357, P = 0.770),
PDW (z = 494, P = 0.633), MPV (t = 0.380, P = 0.713), PCT (t =
1.575, P = 0.150) remained unchanged after exercise (Table

3). In regard to cellular immune variables, WBC (t = 0.118,
P = 0.909), LYM (t = 1.554, P = 0.155), and NEU (t = 0.703, P =
0.501) showed no significant change (Table 3).

Finally, IgA (179.22± 85.27 and 166.29± 75.99 mg/dL for
pre- and post-exercise, respectively) (t = 3.088, P = 0.015),
and IgM (78.50 ± 7.93 and 71.51 ± 8.59 mg/dL for pre- and
post-exercise, respectively) (t = 3.136, P = 0.012) significantly
reduced, while IgG (1186 ± 235 and 1092 ± 209 mg/dL for
pre- and post-exercise, respectively) (t = 2.178, P = 0.061) and
IgE (7.33 ± 2.96 and 5.61 ± 2.34 IU/mL for pre- and post-
exercise, respectively) (t = 2.060, P = 0.176) did not change
significantly (Figure 1).

5. Discussion

The results of the present study showed that hemato-
logical indices of RBC, HGB, HCT, and MCHC decreased sig-
nificantly after exercise, whereas MCH and RDW did not
change in a significant manner. Consistent with the results
of the present study, it has been shown that one session
of resistance exercise significantly reduces RBC levels im-
mediately after exercise (17), while no significant difference
has been found in RBC, HGB, and HCT between athlete and
non-athlete men before and after one session of resistance
training (18). However, Ghanbari Niaki and Mohammadi
(19) report that RAST anaerobic activity increases HGB and
RBC levels. According to previous studies, changes in ery-
throcyte indices depend on the severity and type of activ-
ity performed and the readiness of individuals, so that in
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Figure 1. Statistically significant changes in pre- and post-exercise levels of circulating IgG (A), IgE (B), IgA (C), and IgM (D) in adolescent male elite judoka. The asterisk (*)
indicates a significant difference from pre-exercise.

combat sports such as judo and high-intensity activities, a
significant reduction in RBC has been observed due to in-
creased intravascular hemolysis (20). In other words, re-
duced RBC during vigorous exercise can be attributed to
intravascular hemolysis caused by mechanical trauma, os-
motic/oxidative damage to RBC, or gastrointestinal bleed-
ing (21-23). Some researchers have also maintained that the
hemolysis caused by foot strike reduces HGB levels (24). In
addition, some studies have shown that the hemolysis of
older RBCs increases as they pass through capillaries dur-
ing muscle contraction. Other research suggests that in-
creased RBC deformity due to physical activity results in
hemolysis and a decrease in HGB percentage (22, 24, 25). In
addition, a review study has reported that intestinal blood
loss, in addition to exercise-induced hemolysis, might be
another contributor to lowering HGB levels (26). The phys-
ical conditions and readiness of the participants are con-

sidered as a reason for the decrease in blood concentra-
tion. Plasma volume has been reported to decrease dur-
ing and after exercise; however, plasma volume increases
following adaptation to exercise training. Furthermore, a
decrease in RBC concentration may be due to fluid intake,
high intensity, and the long duration of the exercise, and
finally, body water loss induced by sweating (27, 28). There
are two major challenges to regulating red blood cell vol-
ume during exercise. One is an increase in extracellular os-
molality (plasma), and the other is acidosis, both of which
are expressed during high-intensity exercise. Moreover,
literature data on the alterations of RBC aggregation has
shown a significant association between elevated blood
lactate levels and erythrocyte rigidification. One of the lim-
itations of the current study is that the lactate and other
factors affecting erythrocyte density (such as oxidative or
proteolytic enzymes released from granulocytes) have not
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Table 3. Statistically Significant Changes in Pre- and Post-Exercise Levels of Circulat-
ing Erythrocyte, Platelet, and Leukocyteleukocytes in Adolescent Male Elite Judokaa

Hematologic Parameters Pre-Exercise Post-Exercise

RBC (106 /µL) 5.31 ± 0.56 4.90 ± 0.45b

Hgb (g/dL) 15.24 ± 0.86 14.17 ± 0.93b

Hct (%) 44.40 ± 3.29 43.07 ± 2.42b

MCV (fL) 83.86 ± 4.34 84.15 ± 4.75

MCH (pg) 28.84 ± 1.86 28.97 ± 1.52

MCHC (g/dL) 34.37 ± 1.08 32.94 ± 1.35b

RDW (fL) 11.92 ± 0.66 11.80 ± 0.80

WBC (103 /µL) 6.93 ± 1.60 6.97 ± 1.49

LYM (103 /µL) 2.49 ± 0.42 2.31 ± 0.53

NEU (103 /µL) 3.92 ± 1.36 4.17 ± 1.34

LYM (%) 37.05 ± 8.14 34.13 ± 8.62

NEU (%) 55.42 ± 8.30 58.83 ± 9.15

PLT (103 /µL) 262.10 ± 50.57 255.82 ± 52.64

MPV (fL) 7.09 ± 0.072 7.12 ± 0.67

PDW (fL) 8.71 ± 1.38 8.63 ± 1.51

PCT (%) 9.20 ± 3.88 9.79 ± 3.89

Abbreviations: Hct, hematocrit; Hgb, hemoglobin; LYM, lymphocyte; MCH,
mean corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin concen-
tration; MCV, mean corpuscular volume; MPV, mean platelet volume; NEU, neu-
trophil; PCT, plateletcrit; PDW, platelet distribution width; PLT, platelet count;
PV, plasma volume; RBC, red blood cell count; RDW; red distribution width;
WBC, weight blood cell.
aData presented as mean ± standard deviation.
bSignificant difference from pre-exercise.

been measured (28). Further research should take lactate
and factors affecting erythrocyte density into account.

The results of the present study showed that none of
the platelet-related markers changed as a result of one in-
tensive judo activity session. Platelet response to physi-
cal activity depends on many factors, including intensity,
duration of physical activity, and the level of readiness of
the participants (18). Contradictory findings have been re-
ported regarding the effect of exercise training on platelet
indexes. In this regard, Alis et al. (29) showed that there
was no significant difference between baseline levels of
PLT, PDW, MPW, and PCT in healthy active and inactive men.
Two other studies reported no change in PLT concentra-
tion in response to one bout of exercise activity (30, 31).
Conversely, Kırbaş et al. (32) reported a significant differ-
ence in platelet indices between active and inactive stu-
dents. Increased platelet concentrations have also been
reported in trained athletes in response to half-marathon
(21.1 km) and high-intensity aerobic interval training (ap-
proximately 80% VO2 peak) (33, 34). Research has shown
that a temporary increase in platelet counts results from
vigorous physical activity, leading to increased blood con-

centrations and platelet release from the liver, lungs, and,
most importantly, the spleen (35). Also, an increase in
epinephrine in response to vigorous activity results in in-
creased platelets (35). In addition, the rise in platelet in-
dices of PLT, PDW, MPW, and PCT after acute activity is at-
tributed to increased blood concentration due to exercise
(hemoconcentration) as well as platelet release from the
spleen, liver, and lungs and the entry of fresh platelets into
the bloodstream (36). Subjects in the present study were
trained individuals with long, athletic experience. There-
fore, part of the change in platelet indexes is related to the
high level of readiness of the subjects so that a session of
intense judo activity did not affect the platelet levels of the
judoka subjects.

The results showed that one session of heavy judo ac-
tivity had no impact on WBC, LYM, and NEU. Suzuki et
al. (37) also showed that no changes in leukocytes (NEU
and LYM) occurred after a judo tournament. In addition,
Robson-Ansley et al. (38) also reported no change in leuko-
cytes and neutrophils in response to an acute period of
intensive periodic exercise training in endurance-trained
men. Nevertheless, the results of the present study are in-
consistent with the findings of Hulmi et al.’s study (39),
who reported increased leukocyte and platelet counts in
response to one bout of resistance exercise in young and
old men. The invariability of WBC, LYM, and granulocyte
variables indicate that a session of intensive judo activity
in this study did not suppress the cellular immune system
and open window phenomenon. There is strong evidence
that hormones play an essential role in regulating exercise-
induced changes in leukocyte levels and subgroups. It has
been clearly demonstrated that hormones such as cortisol
and epinephrine affect the distribution of leukocytes. Re-
search has shown that epinephrine is responsible for in-
creased leukocytosis during vigorous and short-term exer-
cise. The leukocytosis level seems to be directly correlated
with the intensity and duration of activity and inversely re-
lated to one’s readiness (40). The type of activity, gender,
and age of the participants are determinants of changes in
the immune system (41). Because the subjects in this study
are trained individuals, a smaller increase might have oc-
curred in these hormones with a slight effect on cellular
immunity.

The focus of previous research has been directed
mainly to identify changes in serum and salivary concen-
trations of immunoglobulins involved in the development
of URTI after one bout of acute and intense exercise. The
most crucial finding of the present study was concerned
with a significant decrease in IgA and IgM levels after one
session of intensive judo activity, although there was no
significant change in IgE and IgG concentrations after the
intensive judo activity. Overall, in exercise immunology, an
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increase in immunoglobulin concentration indicates the
development of immunity, while the decrease is usually in-
terpreted as immunosuppression (3). The present study is
in line with the findings of Tsai et al. (14), where severe taek-
wondo training combined with rapid weight change re-
sulted in reduced IgA levels in elite female taekwondo ath-
letes. It has also been shown that intense, long-term swim-
ming exercise reduces serum and saliva IgM, IgG, and IgA
levels in elite swimmers, which in turn increases suscepti-
bility to infection (42). In addition, McKune et al. (3) have
reported a decrease in IgM concentration and an increase
in total IgG concentration after an ultra-marathon in expe-
rienced runners.

In addition, Zakovska et al. (4) have reported a signifi-
cant increase in IgG level and no significant change in IgA
and IgM levels after 100 km of ultra-marathon under cold
conditions in elite runners. In contrast, Karacabey et al. (11)
reported that a 30-minute aerobic running on the tread-
mill and a 30-second Wingate anaerobic test had no sig-
nificant effect on IgM, IgA, and IgG levels in elite volleyball
players. Also, four sets of bench press and squat resistance
exercise with 85% of one repetition maximum and rest in-
tervals of 60, 90, and 120 seconds (12), as well as a kick-
boxing match (13), had an impact on serum IgA and total
concentration and salivary IgG levels in resistance-trained
men.

One mechanism to justify different IgM responses is
that the isotopic switching of immunoglobulins varies
during different exercise activities. This function is me-
diated by two groups of the cytokine family of tumor
necrosis factors called B-cell activating factor (BAFF) and a
proliferation-inducing ligand (APRIL). Also, IgM can be con-
verted to IgG by isotopic shift (3), which might be a rea-
son for the decrease in IgM levels after exercise. Aldred
et al. (43) reported that moderate and uniform exercise
increased IgE levels in allergic subjects but did not affect
IgE levels in healthy subjects. Therefore, part of the non-
change in IgE levels of the subjects in this study was due to
the lack of allergy in the subjects.

Based on the results, it can be concluded that intensive
judo exercise causes transient anemia and suppresses hu-
moral immunity in adolescent boys. However, it did not
affect platelet and cellular immune parameters.
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