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Abstract: Objective: Pre-competition sports training can have varying effects on an athlete’s immune function, in-
cluding causing reduced resistance. The aim of this study was to explore effects of pre-competition training on some 
biochemical indices and immunologic functions in top-level volleyball athletes to determine whether training should 
be modified for optimal health. Methods: Biochemical indices (Hb, BUN, CK, LDH) and immunologic function (IgA, 
IgG, IgM, CD3+, CD4+, CD8+) were detected by semiautomatic biochemistry analyzer, light scattering photometer, or 
flow cytometry in sera from 24 top-level volleyball athletes and compared before and after pre-competition training. 
Results: After training, the levels of Hb, IgA, IgG, IgM, and CD4+ and the CD4+/CD8+ ratio decreased significantly, 
while BUN, CK, LDH, and CD8+ increased significantly (P < 0.05). Further, the decrease in Hb levels in female 
athletes was more significant than that in male athletes (P < 0.05). Conclusions: These results indicate that pre-
competition training affects biochemical indices and immunologic function in this group of athletes. Additionally, 
more dramatic changes in Hb in female athletes may indicate a need for adapted training loads and rest periods 
for females.
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Introduction

Pre-competition training is commonly used 
among athletes to improve technique and 
enhance skill. Recent focus has shifted to the 
effects of the training level on the physical 
function of athletes. Under a low pre-competi-
tion training load, athletic ability does not 
improve significantly; however, an extremely 
high pre-competition training load not only 
does not improve athletic ability, but is detri-
mental to health. Indeed, changes that have 
been noted include immune dysfunction, upper 
respiratory tract infection, and decline in resis-
tance [1-3]. These effects have lead to the 
implementation of monitoring of biochemical 
indices and immune functions during the train-
ing period to evaluate the functional state of 
the athletes [4]. Here, biochemical indices and 
immune functions were assessed in level-1 uni-
versity volleyball players, defined by General 
Administration of Sport of China, both before 
and after pre-competition training. The goal 
was to to provide a comprehensive assessment 

of the players’ physical functions, establishing 
an objective foundation by which coaches can 
understand players’ adaptation to training load 
and can regulate their training loads for optimal 
performance. 

Subjects and methods

Subjects

Twenty-four level-1 volleyball players from our 
university were selected as study subjects; the 
group included 12 males (mean age 21.6 ± 0.9 
years) and 12 females (mean age 21.5 ± 1.0 
years). All the subjects were healthy, with nor-
mal eating habits and no history of major 
diseases. 

Sports training program

The total period of pre-competition training was 
4 weeks, with 6 days of training and one day of 
rest each week. Training sessions occurred 
twice daily, once in the morning and once in the 
afternoon, for 2 hours each. Blood samples 
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were taken from the cubital vein between 07:00 
and 08:00 one day before training began; sam-
ples were collected again 2 days after the 
4-week training period ended. Samples were 
collected into heparin-coated tubes.

Biochemical and immune function analyses

Biochemical parameters (hemoglobin (Hb), cre-
atine kinase (CK), lactate dehydrogenase (LDH), 
and blood urea nitrogen (BUN)) were detected 
by a semi-automatic biochemical analyzer 
(Hitachi Science and Systems, Japan); levels of 
CD3+, CD4+, and CD8+ were detected by a flow 
cytometer (BD Biosciences, USA); and serum 
IgA, IgG, and IgM levels were determined by a 
light scattering photometer (Binding Site, UK).

Statistical methods

SPSS17.0 statistical software was used for 
data processing. Measurement data are 
expressed as mean ± standard deviation (

_
V  ± 

s). Repeated measures ANOVA was applied to 
compare biochemical indices and immune 
function between the two groups. Tests were 

0.05) (Table 1). Interestingly, Hb levels 
decreased more in female players than male 
players (P < 0.05), but no statistically signifi-
cant difference was observed in the variation 
trend between female and male players (P > 
0.05). 

Comparison of immune function before and 
after pre-competition training

Compared with values before pre-competition 
training, IgA, IgG, IgM (Table 2), and CD4+ levels 
as well as the CD4+/CD8+ ratio (Table 3) signifi-
cantly decreased after pre-competition train-
ing. The CD8+ level significantly increased (P < 
0.05), but no statistically significant difference 
was observed in for CD3+ levels (P > 0.05). 
Additionally, no statistically significant differ-
ence was observed in the variation trend of the 
above immune function indices between 
female and male players (P > 0.05).

Discussion

Hb plays a critical role as the transporter of O2 
and CO2 in the body. Hb from red blood cells 

Table 1. Comparison of biochemical indices before and after pre-competition training (
_
V  ± s)

Sex Time n Hb (g/L) CK (U/L) LDH (U/L) BUN (mmol/L)
Male Before training 12 148.5 ± 4.4 102.8 ± 14.0 162.6 ± 8.6 5.40 ± 0.33

After training 12 139.3 ± 4.8 140.9 ± 27.3 192.7 ± 9.3 6.20 ± 0.22
F 27.058 22.701 80.350 74.181
P 0.001 0.001 0.001 0.001

Female Before training 12 131.7 ± 6.8 101.3 ± 16.7 163.3 ± 9.7 5.27 ± 0.24
After training 12 121.0 ± 7.0 137.7 ± 27.3 197.6 ± 7.0 6.38 ± 0.28

F 35.610 11.718 160.311 178.399
P 0.001 0.006 0.001 0.001

F 73.331 0.144 1.014 0.073
P 0.001 0.708 0.325 0.789

Table 2. Comparison of IgA, IgG, and IgM levels before and after 
pre-competition training (

_
V  ± s)

Sex Time n IgA (g/L) IgG (g/L) IgM (g/L)
Male Before  training 12 1.71 ± 0.16 11.71 ± 1.00 1.79 ± 0.10

After training 12 1.39 ± 0.07 10.18 ± 0.40 1.01 ± 0.06
F 30.881 23.101 550.481
P 0.001 0.001 0.001

Female Before  training 12 1.76 ± 0.14 11.57 ± 0.92 1.71 ± 0.14
After training 12 1.38 ± 0.08 10.12 ± 0.47 1.01 ± 0.06

F 56.739 28.551 329.165
P 0.001 0.001 0.001

F 0.424 0.202 1.428
P 0.522 0.658 0.245

two-sided, with α level of 0.05, 
and P < 0.05 was considered 
as statistically significant.

Results

Comparison of biochemical 
indices before and after pre-
competition training

Compared with values obtained 
before pre-competition train-
ing, Hb levels significantly 
declined in the volleyball play-
ers following training; in con-
trast, CK, LDH, and BUN levels 
significantly increased (P < 
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participates in synthesis of muscle protein and 
red blood cell regeneration. Hb levels can be 
significantly decreased when athletes are over-
tired, perhaps resulting from accelerated red 
blood cell destruction during intense exercise; 
therefore, changes in Hb level can be used as 
an indicator to determine whether players are 
overtired [5]. Another marker, CK, is a key 
enzyme in energy metabolism of the skeletal 
muscle. Strenuous exercise can lead to an 
increase in muscle membrane permeability or 
muscle fiber damage, which can cause CK and 
its isoenzymes to escape from muscle cells, 
and thereby further increasing serum CK con-
centration. Some studies have shown that ele-
vated serum CK is related mainly to exercise 
intensity and duration [6, 7]. Similarly, the 
enzyme LDH can be used as an indicator of the 
ability of skeletal muscle to withstand a load; a 
relative insufficiency of motor muscle groups 
during strenuous exercise can cause increases 
in LDH [8]. The last biochemical index, BUN, 
reflects the level of collective fatigue and can 
be used to evaluate the functional status of 
athletes. All exercise uses protein as a fuel, 
causing a significant increase in BUN genera-
tion, which keeps increasing as the exercise 
load does. Therefore, BUN can be used as an 
indicator to determine the exercise load and 
whether the athletes are fatigued [9]. Under 
long-duration, high-intensity exercise, the mus-
cle energy balance has been damaged, catabo-
lism of protein and amino acid is enhanced, 
and urea is increasingly generated, thus caus-
ing increased content of urea in the blood [10]. 
Results of this study have shown that, after 4 
weeks of pre-competition training, the Hb level 
of volleyball players is significantly decr- 
eased, while CK, LDH, and BUM levels are sig-

and the rest period should be extended, to 
accommodate this difference.

Immunoglobulin (Ig) has antibody activity or a 
chemical structure similar to an antibody and is 
able to exert immune defense, immune surveil-
lance, and immune homeostasis functions. It 
not only can resist the corresponding patho-
gen, microorganisms, and toxins directly, but 
also can induce a variety of other effects, such 
as complement activation, phagocytosis, etc. 
Studies have shown that, after high-load sports 
training, the Ig content of the players is signifi-
cantly decreased [11, 12]. Our results indicate 
significant decreases in  IgA, IgG, and IgM lev-
els of level-1 volleyball players, indicating 
decreased immunity of the players and inhibi-
tion on the immune system by strenuous exer-
cise, likely increasing disease susceptibility. 
Decreased Ig may result from consumption of 
immunoglobulin as an energy source during 
long-term strenuous exercise [13]. 

T lymphocytes act during cellular immune 
response and have both immune effector func-
tions and immunomodulatory functions: T lym-
phocytes are the material basis for cellular 
immunity. T lymphocytes subsets can be mutu-
ally restraint and assistant. The ratio of T-cell 
subsets plays an important role in maintaining 
the body’s normal immune function, and any 
imbalance will lead to a variety of immune inju-
ries or diseases [14]. It is generally believed 
that CD3+ cells represent T lymphocytes, main-
ly divided into two subsets, CD4+ and CD8+. 
CD4+ cells are helper T lymphocytes, promoting 
transformation into effector cells, helping B 
cells produce antibodies, and promoting mac-
rophage activation. In contrast, CD8+ cells are 

Table 3. Comparison of CD3+, CD4+, and CD8+ levels and the CD4+/CD8+ 
ratio before and after pre-competition training (

_
V  ± s)

Sex Time n CD3+ (%) CD4+ (%) CD8+ (%) CD4+/CD8+

Male Before training 12 60.0 ± 3.3 35.5 ± 1.7 22.5 ± 3.9 1.63 ± 0.36
After training 12 58.0 ± 3.5 31.0 ± 1.6 25.5 ± 4.0 1.25 ± 0.25

F 3.264 40.628 5.806 11.846
P 0.098 0.001 0.035 0.006

Female Before training 12 59.3±3.9 35.4 ± 2.2 21.9 ± 5.7 1.76 ± 0.60
After training 12 56.6±2.8 30.4 ± 1.7 25.8 ± 3.3 1.20 ± 0.22

F 3.400 45.982 5.128 10.837
P 0.092 0.001 0.045 0.007

F 0.950 0.487 0.085 0.011
P 0.340 0.493 0.773 0.916

nificantly increased, 
indicating that pre-
competition training 
alters biochemical indi- 
ces, which can be 
used to reflect intensi-
ty of exercise training. 
Interestingly, female 
players had a more 
evident decline in Hb, 
indicating they may be 
more prone to fatigue 
than male players. 
Thus, training intensity 
for female players 
should be reduced, 
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cytotoxic T lymphocytes, having opposite 
effects with CD4+ cells. These CD8+ and CD4+ 
cells must occur in proportion [15]. High-load 
training significantly increased the level of CD4+ 
cells in male tennis players, but no obvious 
changes were observed on CD8+ cells; this led 
to an imbalance that could influence immune 
function (8). Here, after 4-week pre-competi-
tion training of volleyball players, CD4+ levels 
significantly decreased, while CD8+ levels sig-
nificantly increased, causing a decrease in the 
ratio of CD4+/CD8+. Sports training may there-
fore impose an immunoregulatory function dis-
order with long-term exercise leading to a 
reduced multiplication capacity of lympho-
cytes, further inhibiting the immune function. 

In summary, 4-week pre-competition training 
can cause significant changes in biochemical 
indices (Hb, CK, BUN, LDH) and immune func-
tion (IgA, IgG, IgM, CD4+, CD4+/CD8+) of volley-
ball players. These indices can be used to eval-
uate the exercise load of similar athletes. These 
indicators are fluctuating within the normal 
ranges, suggesting that such fluctuations are 
only physiological changes or transient, and 
proper rest may return them to pre-training lev-
els. Interestingly, the load level of this pre-com-
petition training is moderate, and appears to do 
no long-term harm to body function. Adequate 
rest should be provided during training, espe-
cially for female players, who may be more 
prone to fatigue and therefore need appropri-
ately extended rest time. 
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