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Abstract

Background: There is a shortage of longitudinal surveys in highly trained adolescent table tennis athletes reporting typical changes
in performance related, hematological, and biochemical parameters.
Objectives: The purpose of the study was to: (1) examine yearly variations of performance related parameters, and (2) report the
variability of selected hematological and biochemical markers utilized to ascertain health status, and training influences in a group
of young Arab table tennis athletes.
Methods: Data were collected from ten male adolescent players with a mean age of 14.2± 1.3 years and a mean table tennis training
experience of 6 years. Physical and biochemical measures were carried out at three important time points throughout the training
season: a baseline measure (PRE - September); a mid-season (transition) measure (MID - February); an end of season measure (END -
May).
Results: Performance related parameters tended to significantly improve over time (P = 0.05), with lowest values displayed during
PRE-measure. Hematocrit (P = 0.05), serum testosterone (P = 0.01), mean cell volume (MCV) (P = 0.001) and reticulocytes (RET) (P
= 0.017) significantly increased at the END training period compared to PRE. Moreover, 25(OH)D levels (P = 0.001) showed a drop
during MID to then significantly increase at the END whilst sex hormone binding globulin (SHBG; P = 0.005) decreased at the END
period compared to MID.
Conclusions: In conclusion, based on our findings, changes in certain physical parameters and, hematological and biochemical
markers, take place during the training period. Therefore, coaches, sports scientists and nutritionists should take into consideration
these fluctuations and plan and alter their training programs accordingly.
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1. Background

Table tennis is a complex racket sport that is charac-
terized by an intermittent activity profile. It involves com-
plex skills, physiological and cognitive demands with suc-
cess highly dependent on the interaction of all these per-
formance factors (1, 2). The requirement of physical abil-
ities is significant. A well-developed aerobic and anaer-
obic energy system is vital to excel as an elite table ten-
nis player (3-5). Furthermore, a high level of physical fit-
ness aids recovery, reduces injury risk and helps players
with decision-making abilities to guarantee a higher level
of performance during training and competition (5). To
reach top-level performances in table tennis, several years
of specific training combined with challenging strength
and conditioning activities are required to ensure physi-

cal adaptations take place. These can further enhance the
given metabolic pathways for energetic supply to the skele-
tal muscles (6).

The pubertal growth spurt, as observed during early
adolescence, is influenced by the release of important
hormones that have shown to influence the development
of physical capacity and performance during childhood
to adolescence. It has been suggested that monitoring
testosterone levels can provide information about mat-
uration and growth. Cortisol and testosterone repre-
sent the anabolic-catabolic equilibrium of an athlete and
could provide information regarding overtraining or in-
sufficient recovery (7). The changes in levels in serum
testosterone (an anabolic indicator that stimulates mus-
cle protein synthesis), and serum cortisol (an indicator of
catabolic state which plays a significant role in gluconeo-
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genesis) can provide in-depth information regarding long
term training adaptations and stress/overtraining (8).

Additional biochemical markers have been suggested
to be linked to growth. In fact, current work on 25 hydroxy-
vitamin D (25(OH)D) has highlighted its influence in mus-
cle growth and differentiation and has been closely associ-
ated with muscle injuries (9). Considering the prevalence
of hypovitaminosis D in Arab adolescents (10, 11) and the
nature of table tennis training activities being limited to
indoor facilities, it is expected that table tennis athletes
might represent an “at risk” population. Therefore, regu-
lar assessment of 25(OH)D is required to ensure they can
compensate for lack of sun exposure. In addition, regular
screening of iron status and complete blood count param-
eters can provide useful information about the potential
for performance. It has been found that athletes with a
sub-optimal iron status may experience reduced exercise
capacity and compromised sports performance (12).

Despite the growing interest and number of players en-
gaged worldwide in table tennis, there is a paucity of stud-
ies providing accurate training information on adolescent
players. Many adolescent athletes follow regular and struc-
tured training activities often comparable to adult coun-
terparts (3). Such activities can either have positive or neg-
ative consequences on growth, metabolites, enzymes and
hematological parameters. The training load imposed and
its progression as well as competition stresses play a sig-
nificant role in inducing hormonal and/or inflammatory
effects. No information is available regarding the hema-
tological, hormonal and enzymatic activity variability dur-
ing an annual training cycle in young table tennis athletes.
Therefore, through the screening of young athletes at spe-
cific time-points of the year, in-depth information can be
collected to help safeguard the athlete’s health and, poten-
tially, determine the implications of the applied training
loads on growth and maturation in youth table tennis ath-
letes.

2. Objectives

Therefore, the purpose of the study was to examine: (1)
the yearly fluctuations of performance related parameters
and (2) report the variability of several selected biomarkers
utilized to ascertain health status, and training influences
throughout a yearly training season in a group of young
Arab table tennis athletes.

2.1. Hypothesis

We hypothesized that as the training load and intensity
of training increases over a season, physical performance
of athletes will also display an increase. In addition, be-
cause of pubertal growth and increases in training load

and intensity of training, there will be fluctuations in nu-
merous hematological and biochemical markers at differ-
ent time-points of the training season.

3. Methods

3.1. Selection and Description of Participants

Ten male adolescent table tennis athletes of Arabic ori-
gin (age (mean ± SD) 14.2 ± 1.3 years, body mass 56.0 ±
15.2 kg, stature 164.9 ± 10.5 cm, BMI 20.3 ± 4.0 and PHV
0.27 ± 1.40 at the start of collection) were included in
this prospective study. All participants were required to
be members and players currently representing the Qatar
Table Tennis Association and current students at Aspire
Academy for Sporting Excellence. Any individuals who did
not meet these criteria were discarded from the study. At
the time of first screening all athletes were given clearance
from a physician to train and were not taking any medica-
tion. Written informed consent was sought and obtained
from all participants and their parents. The procedures
employed in the study were reviewed and approved by the
Aspire Academy Scientific Committee and Ethics approval
was obtained from the IRB of the anti-doping laboratory in
Qatar and conformed to the recommendations of the Dec-
laration of Helsinki.

3.2. Technical Information

All physical and biochemical measures were carried
out at three selected time points throughout the academic
training season (September to May). Athlete screenings
were performed at different time-points of the training cy-
cle; a baseline measure (PRE - September); a mid-season
(transition) measure (MID - February); an end of season
measure (END - May).

3.3. Anthropometric Characteristics

Anthropometric and body composition characteristics
were measured on the same day as the hematological mea-
surements. Body mass using an electronic scale (Marsden,
MGP250, UK), and height, sitting height and leg length us-
ing a stadiometer (Harpenden Stadiometer, Holtain, UK)
were obtained on all subjects according to the standard-
ised techniques adopted by the International Society for
the Advancement of Kinanthropometry (ISAK). Peak height
velocity (PHV) was determined using the equation pro-
posed by Mirwald et al. (13).

2 Asian J Sports Med. 2019; 10(1):e67278.

http://asjsm.com


Pullinger SA et al.

3.4. Blood Collection and Analysis

Athletes arrived in a fasted state (overnight) and re-
ported to the laboratory 30 min before providing a blood
sample. Venous blood was collected via venipuncture from
an antecubital arm vein while at rest in a sitting posi-
tion (we are aware of the need for venipuncture standard-
ization requirements as it is our standard operating pro-
cedure) between 7:30 AM to 9:30 AM by a certified phle-
botomist as per the regulatory requirements of Qatar law.
The samples were collected in 3.0 mL K2 EDTA vacuum
tubes and 4 mL serum separator tubes (SST 2 Advance) from
Becton-Dickinson (BD, Franklin Lakes, USA).

All hematological markers were evaluated on the same
day in a controlled laboratory setting (20°C - 22°C). Serum
samples were allowed to coagulate at room temperature
for 30 min and were then centrifuged at 1500 g for 15 min to
separate the serum. After separation, samples were stored
at -80°C until further analysis.

The analysis for complete blood count was performed
using a Sysmex XT2000i hematology analyzer (Sysmex,
Kobe, Japan). The exercise-induced plasma volume (PV)
changes were calculated according to Dill, and Costill (14).
Serum samples were analysed on a Dimension XPand/RxL
(Siemens, Erlangen, Germany) for a variety of biochemi-
cal parameters (total iron, ferritin, alanine- and aspartate-
aminotransferases, creatine kinase (CK), glucose, creati-
nine, cholesterol, high- and low- density lipoproteins,
sodium, potassium, and chloride).

Furthermore, the concentration of testosterone, corti-
sol, sex hormone binding globulin (SHBG) were assessed
using ELISA kits from R&D (International Inc., New York,
USA) while 25(OH)D was analysed with an ELISA kit from
EAGLE (EAGLE BIOSCIENCE). The inter-assay coefficient of
variation (CV) for testosterone ranged from 5.6% to 6.8%,
for cortisol from 9.3 % to 21.2%, for SHBG from 3.6% and 6.7%
and for 25(OH)D from 7.0 to 8.6%. The variation coefficient
(intra-assay variability) was < 5% for all measurements.
An erythrocyte sedimentation rate test (ESR) was also per-
formed using automatic erythrocyte sedimentation ana-
lyzer (Sediplus S200, SARSDEDT).

3.5. Physical Performance Testing

All athletes performed four physical tests during three
separate time points to determine their table tennis per-
formance related characteristics. The physical tests cho-
sen cover the main performance characteristics and com-
petencies required to excel at table tennis during adoles-
cence and are routinely used as part of normal assessments
for children involved in sport (24; Ortega et al. 2010; Kon-
dric et al. 2013). Physical performance testing sessions
were completed within two days. All sessions were per-
formed in the following order: a counter-movement jump

(CMJ), a sprint test (5, 10, 20 and 30 m), a modified Aspire
Table Tennis Agility Test (mATTAT) and a multi-stage fitness
test (MSFT). Prior to testing, athletes underwent a guided
routine warm-up by a strength and conditioning coach
that lasted 10 min consisting of a 5 min general warm-
up and 5 min of running, jumping and stretching. The
same protocol and intensity was repeated in all testing ses-
sions. The physical performance testing procedures are de-
scribed below in more detail.

3.5.1. Day 1

3.5.1.1. Counter Movement Jump

The CMJ (a vertical jump test) as previously used
in youth athletes was performed to assess the explosive
power of the leg musculature. The athletes were asked to
perform the test with hands on hips and repeat this test a
minimum of 3 times. A rest period of 30 s was provided in
between each jump using the protocol already described
by Komi and Bosco (15) on a KMS Jump mat (Fitness Tech-
nology, Adelaide, Australia). This test has previously been
reported to be both valid and reliable (16). Jumping height
was computed on a custom software (Ballistic Measure-
ment System, Fitness Technology, Adelaide, Australia) mea-
sured as an estimate of the height change in the athlete’s
center of mass, taking into consideration the total dura-
tion the athlete spends in the air with no ground contact.
The highest CMJ recorded was used for further analysis.

3.5.1.2. Sprint Test

Acceleration and maximum running speed were deter-
mined during the sprint test. The athlete was required to
run a single maximal sprint over a 30 m distance. Sprint
times were recorded using infrared timing gates (Fusion
Sport Smartspeed, Queensland, Australia). The timing
gates were positioned at 0 m, 5 m, 10 m, 20 m and 30 m,
with all the split times recorded. Previous research has es-
tablished reliability with a CV of ~ 2 % for youth athletes
performing all-out sprints over similar distances (17). The
starting position was standardized for each sprint. All ath-
letes repeated the test 3 times with a 3 min recovery period
to ensure results were reliable. The times of the best 30 m
sprint was then used for further analysis.

3.5.1.3. Modified Aspire Table Tennis Agility Test

The mATTAT (18) was used to measure table tennis spe-
cific agility and has previously been used in youth table
tennis athletes. The protocol consisted of measuring the
time taken to complete a set sequence of 5 table tennis
specific motor tasks. The athlete starts with a table tennis
racket in hand and is required to hit 3 stationary instru-
mented table tennis balls (2 of these are hit twice) in the
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correct sequence whilst ensuring good table tennis tech-
nique is used. The athlete performs 3 trials, 18 s apart with
a 3 s countdown where the player must adopt a ‘service re-
turn ready position’. The tester reviewed the output file to
check whether the trial was valid. Any trial where the re-
sponse time was below 0.55 s or where the table tennis ball
was not hit was discarded and not deemed to be valid. Only
the valid trials were analysed and the best (lowest) total
time for the agility test and its associated stages was used
for further analysis.

3.5.2. Day 2

3.5.2.1. Multi-Stage Fitness Test

The MSFT test is aimed at assessing maximal cardiores-
piratory function and is a popular test for children in-
volved in sport or physical activity. Athletes were asked
to perform continuous running between two lines 20 m
apart in relation to a recorded auditory signal. The athletes
were required to run as long (as many levels) as they could,
and the test was stopped if the athlete failed to reach the
line (within 2 m) for two consecutive times after receiving
a warning. The athlete’s score was the level and the num-
ber of shuttles (20 m) reached before he was unable to keep
up with the auditory signal. This level score was then con-
verted to a predicted VO2max score (p VO2max using a regres-
sion equation developed by Ramsbottom et al. (19).

3.6. Typical Training Weekly Structure

The maximal weekly training program of the athletes
consisted of 8 training sessions per week which were char-
acterized according to three basic types: 5-6 table tennis
specific sessions, 1-2 strength & conditioning sessions and
1 recovery session. This is in accordance with the operating
procedure in our sports academy and in other academies
around the world. All sessions had a maximum duration of
90 min; accounting for a maximum total of 12 h per week.
These are typical training times when comparing similar
age groups in other sports. Training exposure data from
absent and/or ill athletes were not accounted for. The expo-
sure periods to training were during school periods, which
took place from September until May. The average total
training time per athlete over the examined training pe-
riod was 237 h 42 min.

3.7. Statistics

The normality of distribution of all hematological and
biochemical parameters was examined in each group us-
ing the Shapiro-Wilk’s test, confirming the homogeneity.
The data were analyzed by means of the statistical pack-
age for social sciences (SPSS) for windows (SPSS, Chicago,
IL, USA), IBM version 21. Differences between time-points

were evaluated using a repeated measures ANOVA. To cor-
rect violations of sphericity, the degrees of freedom were
corrected in a normal way, using Huynh-Feldt (ε > 0.75) or
Greenhouse-Geisser (ε < 0.75) values for ε, as appropriate
(20). The results are presented as the mean ± standard de-
viation (SD) throughout the text, unless otherwise stated.

Effect sizes were determined by calculating Cohen’s d.
The magnitude of the effect size was classified as; trivial <
0.2, small 0.21 - 0.60, moderate 0.61 - 1.20, large 1.21 - 1.99, and
very large > 2.0 (21). The alpha level of significance was set
at 5% (P < 0.05).

4. Results

Table 1 shows the group means (± SD) for the anthropo-
metric and performance related characteristics through-
out a training year. Performance parameters tended to sig-
nificantly improve over the training season. Athletes sig-
nificantly improved sprint test times over 5, 10 and 20 m at
MID period (2.5 to 5.3%) and END period (3.5 to 8.1%) when
compared to their PRE-scores (P < 0.05). No significant
changes were found over 30 m (P > 0.05).

Similarly, the p VO2 values also showed significant im-
provements during the MID (3.4%) and END (9.7%) periods
of the training season when compared to PRE-measures
(P > 0.05). The time of completion for the mATTAT (11.2%)
and the height of the CMJ (16.1%) only showed significant
improvements during the END period of the season when
compared to PRE-measures (P < 0.05).

Other measures of anthropometry or performance re-
lated characteristics showed no significant difference be-
tween any of the phases of training (P > 0.05). There was
no significant change in height, weight, BMI and PHV dur-
ing the observed period (P > 0.05).

Table 2 presents the effect of long- term training and
competition on different hematological and iron status re-
lated markers in adolescent table tennis athletes. Hema-
tric (Hct) percentages showed a main effect with lower val-
ues of 3.2 % during PRE and 3.6 % during MID season, when
compared to the END of season (P < 0.05). RET concentra-
tions were also lower by 22.9% during PRE and 10.9% during
MID season when compared to end of season values (P <
0.017). Values for mean cell volume (MCV) displayed a simi-
lar trend with values 2.0% lower during PRE and 2.7% lower
during MID season when compared to END of season val-
ues (P < 0.001).

Conversely, values for mean corpuscular hemoglobin
concentration (MCHC) during END of season decreased
by 2.7% when compared to PRE-season and 2% when com-
pared to MID-season values P < 0.001). Further, the plasma
volume for the whole group of athletes decreased by 3.6%
in MID-period and by -5.9% and END-period.
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Table 1. Anthropometric and Physiological Characteristics for the Entire Group of
Adolescent Athletes (Mean ± SD) at Baseline, MID Season and END Season Time-
Pointsa

Parameters Baseline (T1) MID Season (T2) END Season (T3)

Age, y 14.2 ± 1.3 14.6 ± 1.3 14.8 ± 1.4

Height, cm 164.9 ± 10.5 166.5 ± 10.3 167.3 ± 10.4

Weight, Kg 56.0 ± 15.2 57.6 ± 15.3 58.5 ± 14.8

BMI, kg/m2 20.3 ± 4.0 20.5 ± 4.0 20.7 ± 3.9

PHV, y 0.27 ± 1.40 0.61 ± 1.40 0.78 ± 1.36

CMJ, cm 29.07 ± 5.63 30.76 ± 4.74 33.74 ± 8.16b

5m sprint, s 1.22 ± 0.07 1.15 ± 0.06b 1.12 ± 0.07b,c

10m sprint, s 2.09 ± 0.14 2.03 ± 0.12b 2.0 ± 0.13b,c

20m sprint, s 3.71 ± 0.24 3.61 ± 0.22b 3.58 ± 0.20b,c

30m sprint, s 5.27 ± 0.37 5.17 ± 0.31 5.14 ± 0.31

p VO2 , mL/kg/min 45.65 ± 6.45 47.21 ± 5.59 50.07 ± 7.68b,c

mATTAT, s 3.27 ± 0.35 3.07 ± 0.35 2.91 ± 0.32b

Abbreviations: BMI, body mass index; CMJ, countermovement jump; mATTAT,
modified Aspire table tennis agility test; PHV, peak height velocity (when nega-
tive is before PHV, when positive, after PHV); p VO2 , predicted VO2 ; T, time point.
aP < 0.05.
b Significantly different from phase T1 .
c Significantly different from phase T2.

Table 3 presents the results of the various biochemical
markers affected by long- term training and competition
in adolescent table tennis athletes. A main effect was found
for SHBG, which significantly decreased compared to END-
season values (P < 0.005). Serum testosterone showed a
significant increase in the END-season period compared to
PRE-season and MID-season values (P < 0.01). 25(OH)D lev-
els were also significantly higher during the END-season
period when compared to PRE-season and MID-season val-
ues.

No significant variations were observed in any of the
examined enzymes during these training periods. The ef-
fect size of the yearly changes of various biochemical pa-
rameters ranged from trivial to small with mean corpuscu-
lar hemoglobin content (MCHC), CK, glucose, testosterone
and 25(OH)D indicating a moderate effect size (i.e. Cohen’s
d > 0.60).

5. Discussion

Physical testing of athletes throughout the year helps
build up an accurate physiological profile and helps
coaches develop a tailored fitness program. In addition,
it provides reference ranges to athletes and coaches to im-
prove the quality of training prescription which helps fa-
cilitate the long-term athletic development. No informa-
tion in the literature is available when it comes to provid-

ing accurate training information on adolescent table ten-
nis players which follow regular and structured training
activities. Therefore, the first purpose of the study was to
examine the yearly fluctuations of performance related pa-
rameters in adolescent table tennis athletes over a training
season.

In general, it is well accepted that children’s strength,
anaerobic and aerobic power is trainable. Overall improve-
ments may be smaller than those seen in adults. Young,
physically active children, who are exposed to training ac-
tivities can demonstrate significant gains of 13% - 30% in
muscle strength with resistance training as well as im-
provements of 5% in aerobic fitness (for a review see (22)).
Most studies are limited to specific training periods and it
is unclear what the typical improvements are in young ath-
letes involved in full-time table tennis programs. Previous
work has highlighted the importance of tracking growth
and development in young athletes in combination with
physical performance (23, 24). The competitive demands
of training and competition impose strains on certain
physiological systems of young players. In turn, this pro-
duces adverse outcomes like injuries and/or burnout if not
correctly managed (25). Therefore, routine screening activ-
ities and the daily monitoring of training can provide vital
information, which is why previous studies highlight the
need of assessing physical parameters.

Our results showed significant improvements during
the END-period in measures of linear running speed over
5, 10 and 20 m, CMJ, mATTAT and predicted VO2max across
a training season when compared to PRE-measures. Only
findings of linear running speed over 5, 10 and 20 m, and
p VO2max were significantly better MID-period compared
to PRE-measures. Seasonal changes assessing longitudi-
nal data for growth rates of various physical performance
measures throughout adolescence in elite sport is limited
(26). Previous research has generally been conducted in
general populations (27, 28). In the present study, it was
found that performance variables closely related to table
tennis significantly improved at specific time-points of a
training year. It is believed this could be due to athletes un-
dergoing continuous training periods and/or growth (29,
30). Agility is a key component of fitness for table tennis
players as players are required to move quickly in a vari-
ety of directions using numerous footwork techniques and
speeds (18). We found that our players only significantly
improved agility at the END-period of the season. Previ-
ous research in youth football players also found signifi-
cant improvements in agility towards the END of the sea-
son or competition period (29). It could be suggested that
a prolonged exposure to specific training activities is nec-
essary before observing meaningful improvements in this
quality as assessed by typical agility tests. The same pattern
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Table 2. Hematological and Iron Related Parameters for Entire Group of Adolescent Athletes (Mean ± SD) at Baseline, MID Season and END Season Time-Pointsa

Parameters Baseline (T1) MID Season (T2) END Season (T3) Cohen’ d Interpretation

RBC, 106 / µL 5.0 ± 0.3 5.1 ± 0.2 5.1 ± 0.3 0.33 Small

Hb, g/dL 14.2 ± 1.3 14.2 ± 1.2 14.3 ± 1.0 0.08 Trivial

HCT, % 40.7 ± 3.3 40.5 ± 2.8 42.0 ± 3.2b,c 0.39 Small

MCV, fl 80.6 ± 3.5 80.1 ± 3.5 82.2 ± 3.7b,c 0.44 Small

MCH, pg 28.1 ± 1.6 28.0 ± 1.6 27.9 ± 1.8 0.11 Trivial

MCHC, g/DL 34.8 ±1.1 35.0 ± 1.1 33.9 ± 1.0b,c 0.85 Moderate

RET, % 0.84 ± 0.28 0.93 ± 0.28 1.03 ± 0.36b 0.53 Small

Ret-He, pg 33.1 ± 1.8 32.5 ± 2.5 33.2 ± 1.8 0.05 Trivial

IRF, % 5.1 ± 2.5 5.6 ± 2.6 5.8 ± 2.5 0.28 Small

Iron, umol/L 17.0 ± 5.2 14.0 ± 4.7 15.7 ± 5.5 0.24 Small

Fe, ug/L 45.5 ± 47.3 42.9 ± 35.4 45.3 ± 34.3 0.01 Trivial

WBC, 103 /µL 5.8 ± 1.2 5.8 ± 1.4 5.8 ± 1.8 0.01 Trivial

Neutrophils, % 43.7 ± 9.2 47.5 ± 9.1 47.0 ± 11.4 0.31 Small

Lymphocytes, % 42.7 ± 8.2 39.8 ± 6.1 40.6 ± 11.1 0.21 Small

Monocytes, % 8.8 ± 2.4 8.4 ± 2.0 8.1 ± 1.3 0.36 Small

Eosinophils, % 4.2 ± 2.4 3.8 ± 2.4 3.9 ± 2.9 0.11 Trivial

Basophils, % 0.48 ± 0.20 0.44 ± 0.28 0.41 ± 0.13 0.43 Small

Platelets, 103 /µL 233.9 ± 52.4 256.2 ± 57.7 260.5 ± 62.9 0.47 Small

MPV, fl 10.6 ± 0.8 10.4 ± 0.9 10.3 ± 0.6 0.42 Small

ESR, mm/h 2.8 ± 1.8 3.3 ± 1.4 3.7 ± 2.7 0.39 Small

%∆PV - -3.6 % (PRE-MID) -5.9% (PRE-END) -

Abbreviations: %∆PV, plasma volume changes; ESR, erythrocyte sedimentation rate; Fe, ferritin; Hct, hematocrit; MCH, mean corpuscular hemoglobin; MCHC, mean
corpuscular hemoglobin concentration; MCV, mean corpuscular volume; MPV, mean platelet volume; RBC , red blood cell; Hb, hemoglobin; Ret%, reticulocyte percentage;
Ret-He, reticulocyte hemoglobin equivalent; T, time point; WBC, white blood cells.
aP < 0.05.
b Significantly different from phase T1.
c Significantly different from phase T2.

was observed in other measures of physical fitness as the
bulk of training activities in this cohort was table tennis
specific which further provides support as to why improve-
ments in the mATTAT were only present at the END of sea-
son testing. Furthermore, agility is closely related to run-
ning speed (31) and has previously been observed to signif-
icantly improve in young athletes (25, 29) over varying dis-
tances ranging from 5 to 50m. Surprisingly, and in agree-
ment with Dragijsky et al. (29), we also found that 30m
running speed did not show any changes over the course
of the season. This is because table tennis training does
not stimulate, or target skills related to 30m linear running
speed. The focus of training is targeted towards improving
speed, agility and quickness (SAQ) while emphasizing spe-
cific table tennis game aspects, such as movement games
and quick changes of direction and speed in a small space.
A 30m sprint test may be useful for establishing speed abil-
ities in a generic population but can be considered redun-

dant in a young table tennis cohort.

A well-developed aerobic energy system in table ten-
nis is vital to help players cope with the demands of train-
ing and competition (3, 5). Seasonal changes in predicted
p VO2 has previously been assessed in young elite foot-
ball athletes (29). It was found that seasonal changes in
p VO2max are present following a specific training period,
such as pre-season. However, when training does not fo-
cus specifically on improving or maintaining aerobic en-
durance, varying responses can be observed (32). There-
fore, the observed improvements in endurance capacity
observed at the END-period in our cohort of table ten-
nis players is likely to be the effect of accumulated train-
ing load and strength and conditioning activities con-
ducted throughout the training season. Improving ex-
plosive strength was a target during weekly strength and
conditioning sessions (1 - 2 depending on training focus).
Hence, the results of this study showed significant im-
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Table 3. Various Biochemical Markers for Entire Group of Adolescent Table Tennis Athletes (Mean ± SD) at Baseline, MID Season and END Season Time-Pointsa

Parameters Baseline T1 MID Season (T2) END Season (T3) Cohen’ d Interpretation

CK, U/L 224.3 ± 108.7 274.9 ± 193.3 166.7 ± 67.7 0.63 Moderate

Creat., umol/L 64.9 ± 12.0 65.3 ± 18.8 70.0 ± 18.9 0.32 Small

ALT, U/L 28.9 ± 11.5 27.0 ± 8.4 26.0 ± 8.2 0.29 Small

AST, U/L 24.6 ± 15.7 24.2 ± 6.7 22.4 ± 7.0 0.18 Trivial

Glu., nmol/L 5.0 ± 0.6 5.6 ± 0.9 5.7 ± 0.9b 0.91 Moderate

Chol., nmol/L 3.8 ± 0.6 3.8 ± 0.5 3.7 ± 0.5 0.18 Trivial

HDL, nmol/L 1.36 ± 0.2 1.40 ± 0.3 1.37 ± 0.3 0.03 Trivial

LDL, nmol/L 2.24 ± 0.5 2.33 ± 0.5 2.16 ± 0.4 0.17 Trivial

C, nmol/L 227.5 ± 74.9 289.8 ± 89.6 261.8 ± 104.5 0.37 Small

T, nmol/L 21.2 ± 10.0 21.3 ± 8.2 28.5 ± 5.4b,c 0.90 Moderate

T/C ratio 0.87 ± 0.33 0.65 ± 0.31 0.85 ± 0.46 0.04 Trivial

25(OH)D, ng/mL 32.2 ± 1.5 28.6 ± 11.5b 41.9 ± 16.5b,c 0.82 Moderate

SHBG, nmol/L 90.1 ± 84.1 112.4 ± 80.4 66.0 ± 48.0c 0.34 Small

Na, nmol/L 138.7 ± 1.6 137.6 ± 1.3 138.3 ± 1.9 0.27 Small

K, nmol/L 4.4 ± 0.3 4.3 ± 0.3 4.4 ± 0.2 0.01 Trivial

Cl., nmol/L 101.4 ± 1.4 101.3 ± 1.4 101.1 ± 2.2 0.01 Trivial

Abbreviations: 25(OH)D, 25 hydroxyvitaminD; ALT, alanine aminotransferase; AST, aspartame aminotransferase; C, cortisol; Chol., cholesterol; CK, creatine kinase; Cl.,
chloride; Creat., creatinine; Glu., glucose; HDL, high-density lipoproteins; K, potassium; LDL, low-density lipoproteins; Na, sodium; SHBG, sex hormone binding globulin;
T, testosterone; T, time point.
aP < 0.05.
b Significantly different from phase T1.
c Significantly different from phase T2.

provements in CMJ at the END-period of the season. Our re-
sults yielded similar findings to a study performed by Berg-
eron et al. (25), which found CMJ to be improved signifi-
cantly over a 3y period in young football players. However,
even though our results are like previous findings in elite
adolescent athletes, these were conducted on football play-
ers and not table tennis players who are likely to perform
more running and jumping activities. Therefore, it makes
comparison between groups very difficult. Our study is the
first to provide information on changes in physical vari-
ables in young table tennis players.

The secondary aim of the study was to report the vari-
ability of selected biomarkers utilized to ascertain health
and training status and training effects. A few hematolog-
ical parameters: Hct, MCV and RET changed significantly
over the course of this specific training period of 9 months.
Because growth and maturation cannot be separated from
training activities, it is difficult to quantify whether find-
ings are due to training load and intensity or due to growth
and maturation. Previous studies have found that red
blood cells are relatively stable in adolescent athletes while
levels of hemoglobin (Hb) and Hct are found to be lower
(33, 34). However, our results only found Hct levels to be in-
creased during END-season (3.2%) while concentration lev-

els of Hb and red blood cells did not change. The observed
variances between cohorts could be explained by the dif-
fering observation periods (longer) and the nature of the
investigated sports in other studies. Most studies in the lit-
erature were conducted on youth athletes in other sports
(33, 34).

Further, the mean value for total iron was close to
the lower end of the clinical reference range (14.0 ± 4.7
umol/L), which suggests that almost half of the athletes
had a low concentration of iron (pediatric reference inter-
vals). In addition, the mean value for ferritin (42.9 ± 35.4
ug/L) suggests that the majority of athletes were on the
borderline of the proposed clinical reference ranges for
the adolescent population. Concerning MCV, a parameter
related to microcytic anemia, has been reported to be defi-
cient in the Middle East (35) and therefore essential to be as-
sessed in young athletes from this region. Our cohort pre-
sented relatively low values when compared to similar age
groups previously studied in the literature (33). Previous
data on MCV in adolescent soccer athletes has shown a sig-
nificant reduction after five months of a structured train-
ing period with no marked decrease in the red blood cell
count (33). However, our results are like what has previ-
ously been observed in a bigger group of young Arab ath-
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letes (36). MCV values of 80.6± 3.5 (fl) at baseline screening
increased progressively to 82.3 ± 1.7 (fl) at the END period
of the training season.

The process of erythropoiesis can be monitored
through the measurement of RET-He, RET% and IRF in
growing athletes. RET are the earliest form of erythrocytes
released into the blood and have been identified to be an
important indicator of effective erythropoiesis (37). In this
study, the mean values for adolescent table tennis players
ranged from 0.84 ± 0.28% at PRE-screening and increased
to 1.03 ± 0.36% in May (END of season), displaying a high
rate of erythropoiesis which is in line with other studies.

It has been established that elevated cortisol levels at
rest can reflect long-term training stress (38, 39) while the
testosterone to cortisal ratio has been proposed to indi-
cate the balance between anabolic and catabolic activity.
Many researchers suggest that a decrease of 30% or more
implies overtraining and/or an unfavored level of anabolic
to catabolic hormonal balance (8, 40). Cortisol concentra-
tions did not significantly change throughout the season,
although mean cortisol values during mid-season peaked.
However, testosterone levels were significantly higher dur-
ing the END period of the training season. It is believed to
be because of in-season supplementation of 25(OH)D (41).
Further, testosterone levels increased in parallel to a de-
crease in SHBG. Testosterone is largely bound to SHBG and
albumin. Therefore, as SHBG falls the level of bioavailable
testosterone increases over the same period. Although the
testosterone/cortisol ratio decreased by 25% during MID
period, this variation was not significant. Moreover, re-
sults showed that 25(OH)D significantly decreased during
MID period, resulting in athletes receiving 25(OH)D sup-
plementation through recommendation from the medical
team. As a result, 25(OH)D displayed a significant increase
at the END-period.

The training process and growth rates in adolescent
athletes in table tennis causes several changes in various
physical, hematological and biochemical markers related
to health and performance. The relevance of such obser-
vations on a specific population in order to enhance train-
ing prescription and health interventions is of great im-
portance. Finally, as the aim of this study was to report
some initial observations on a table tennis cohort, we hope
that the data provided in this pilot work can be the begin-
ning of a series of studies aimed at improving our under-
standing of training and adaptations in young table tennis
players in order to provide effective and appropriate train-
ing guidelines to safeguard athletes’ health. This study
can provide more information on how regular monitoring
and evaluation of biochemical and hematological markers
can help (a) prevent the adverse effects of intense exercise,
(b) assist in the design of training programs that will safe-

guard athletes’ health, and (c) improve table tennis perfor-
mance.

This study is not without limitations. The lack of con-
trol group means we are unable to compare our results si-
multaneously with recreational athletes. Furthermore, we
had a sample size small as our aim was to examine high
level athletes, which are members of the national table ten-
nis team and students of Aspire Academy, which restricted
the amount of individuals that could be utilized for this
study.

5.1. Conclusions

In conclusion, based on our findings, changes occur
in certain physical parameters, biochemical and hemato-
logical markers, throughout the training period. There-
fore, coaches, sports scientists and nutritionists should
take into consideration these fluctuations to plan and alter
their training programs and provide specific nutritional
strategies if required.
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