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There is a large gap in knowledge regarding research on post-exercise blood changes in disabled athletes. There 
are relatively few data on adaptive mechanisms to exercise in disabled athletes, including disabled rowers. Two rowers 
from a Polish adaptive rowing settle TAMix2x that qualified for the Paralympic Games in Rio, 2016 took part in this 
study. They performed a progressive test on a rowing ergometer until exhaustion. The cardiorespiratory fitness 
measures, complete blood count, white blood cells’ distribution and 30 clinical chemistry variables describing laboratory 
diagnostic profiles and general health were determined. The extreme effort induced changes in all studied metabolites 
(glucose, creatinine, urea, uric acid, total and direct bilirubin), albumin, total protein levels in both participants. 
Furthermore, a post-exercise increase in aspartate transaminase activity, yet a 2-fold decrease during the recovery time 
in both rowers were found. White blood cell count increased 2-fold after the test. The percentages of natural killer cells 
were higher and total T lymphocytes were lower after the exercise protocol. There were higher percentages of 
suppressor/cytotoxic and lower percentages of helper/inducer T lymphocyte subsets in both studied rowers. No changes 
in B lymphocytes distribution were observed. Lack of inflammatory symptoms during the experiment suggests a high 
level of rowers’ biological adaptation to the physical effort. The different changes in physiological, biochemical and 
immunological variables are related to the adaptive mechanism to physical exercise allowing for improvement of 
performance. 
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Introduction  

Long-term and intensive physical effort 
causes metabolic and biochemical adaptation for 
both athletic and non-athletic populations. It 
influences the athletes’ cellular metabolism and  
 

 
can lead to muscle damage, as well as induce 
oxidative stress that causes metabolic changes at a  
biochemical level reflected in diagnostic variables 
of athletes’ blood (Banfi et al., 2012; Fallon, 2008).  
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Each training cycle of rowers is aimed at 
increasing individual’s physical fitness level. 
Coaches want to make the training process as 
efficient as possible. It is well known that 
adequate training performed during the season 
causes a disturbance of homeostasis among 
athletes. There are well described metabolic 
variables belonging to sports markers used by 
coaches and athletes to  
follow and characterise their strength and 
efficiency, such as creatine kinase activity, and 
blood lactate concentration (Banfi et al., 2012; 
Chamera et al., 2014, 2015). Training and 
competition provoke exercise-induced muscle 
damage resulting in the release of inflammatory 
signalling molecules and myocellular enzymes 
into the athletes’ blood. There is a thin line 
between the desired stimulation and overreaching 
or overtraining, especially during the preparatory 
stage before prestigious competitions like the 
Olympic Games.  

It should be emphasized that there is a 
large gap in research regarding post-exercise 
blood changes in disabled athletes. There is little 
data on the adaptive mechanisms to exercise in 
disabled athletes. This is probably due to 
difficulties in gathering a homogenous group of 
athletes. Rowing, representing an endurance sport 
discipline, is characterized by very intense 
competition efforts. Adaptive rowing is a category 
for athletes with physical disabilities. There is vast 
literature data concerning wide aspects of rower 
athletes’ analysis (Akça, 2014; Buckeridge et al., 
2015; Gee et al., 2016; Kyparos et al., 2012; 
Shaharudin and Agrawal, 2016; Skarpańska-
Stejnborn et al., 2015; Tran et al., 2015). However, 
to the best of our knowledge, there are only few 
studies describing disabled rowers (Schaffert and 
Mattes, 2015; Smoljanovic et al., 2011, 2013). 

Therefore, the aim of this study was to 
evaluate changes in biochemical and 
haematological variables of two highly skilled 
rowers during the preparatory stage to the 
Paralympic Games in Rio, 2016. 

Methods 
Study design 
To better understand biological response to 
exhaustive exercise in elite disabled athletes, we 
designed an experiment to evaluate these 
processes. We determined cardiorespiratory  
 

 
fitness measures (maximum oxygen uptake 
(VO2max), maximum heart rate (HRmax), maximum 
ventilation (VE), anaerobic threshold (AT)), 
complete blood count, white blood cells 
distribution and 30 clinical chemistry variables 
relevant to the well-known laboratory diagnostic 
profile e.g. liver, muscles, kidney and general 
health of the athletes. The study was performed 
during the preparatory stage of the Paralympic  
Games in Rio, 2016, in the biochemistry and 
physiology laboratories of the Centre for Human 
Structural and Functional Research, Szczecin, 
Poland.  
Participants 

Two rowers aged 26 and 38 years for the 
male and female participant, respectively, met 
inclusion criteria for the study. It was a Polish 
adaptive rowing settle TAMix2x that qualified for 
the Paralympic Games in Rio, 2016. TAMix2x 
(mixed double sculls) is an adaptive rowing settle 
qualified as a double scull, with the man and 
woman using only upper body muscles. It is a 
category of rowing for athletes with physical 
disabilities. Their body height was equal to 178 
and 168 cm, body mass, 65.9 and 64.0 kg, body 
mass index, 20.8 and 22.7 kg/m2, respectively, for 
the male and female participant. The male rower 
declared 6 years while the female rower 10 years 
of training experience. Both participants trained 9 
hours a week. The participants were non-smokers 
and refrained from taking any medications or 
supplements known to affect the metabolism. 
They had no history of any metabolic syndrome 
(as defined by International Diabetes Federation: 
diabetes, prediabetes, abdominal obesity, high 
cholesterol and high blood pressure) (The IDF 
Consensus, 2014) or cardiovascular diseases 
(defined by WHO as disorders of the heart and 
blood vessels) (WHO, 2014).  

The rowers were informed of the 
experimental procedures and the possible risks 
and benefits of the study before providing their 
written consent to participate. The study was 
approved by the Local Ethics Committee and in 
accordance with the Helsinki Declaration. 
Procedures 
Aerobic capacity evaluation 

The progressive exercise protocol was 
preceded by 5 min of free rowing as a warm-up. 
The formal test began with continuous rowing at 
40 W output power on a Concept2 model D  
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rowing ergometer (Concept2, Morrisville, VT, 
USA) for 3 min. After this phase, the workload 
was systematically increased by 40 W every 3 min 
until exhaustion. The effort was interrupted when 
rowing frequency declined by 10%. The heart rate  
registered at this point was noted as HRmax. The 
cardiorespiratory fitness measures obtained 
during the progressive test were determined 
using a breath by breath gas exchange data 
analyser Quark CPET (Cosmed, Italy). Moreover, 
every 3 minutes of the exercise, before increasing 
the workload, capillary blood samples were taken 
for determination of lactate (LA) concentration 
and determining the anaerobic threshold (AT) 
(Beaver et al., 1986). The LA concentrations were 
determined using a mobile blood lactate 
monitoring system (THE EDGE Lactate Analyser, 
Apex Biotechnology Copr., Hsinchu, Taiwan). 
Blood sampling 

Blood samples were obtained three times 
from the elbow vein. The first drawing of fasting 
blood took place in the morning the day before 
testing. The second blood sample was taken no 
longer than 5 min after the exercise test. It should 
be noted that, for safety reasons, the test protocol 
required the participant to be after a light 
breakfast. Therefore, blood samples collected after 
the test were not fasting blood. About 17 hours 
after the test, at the end of the recovery period, the 
third blood sample was drawn in the morning 
before breakfast. 

Each time, blood samples from the rowers 
were drawn into two tubes. For biochemical 
analyses, a 7.5 mL S-Monovette tube for serum 
preparation with an additive carrier of a colt 
activator (SARSTEDT AG & Co., Nümbrecht, 
Germany) was used. For complete blood count 
and blood phenotyping, a 7.5 mL S-Monovette 
tube with ethylenediaminetetraacetic acid (EDTA 
K3, 1.6 mg EDTA/mL blood) (SARSTEDT AG & 
Co., Nümbrecht, Germany) was used. Blood 
samples for biochemical analyses were 
centrifuged 2000 × g for 10 min at room 
temperature in order to obtain blood serum or 
plasma, respectively. 

Biochemical and haematological analyses 
were performed before the progressive test (pre-
exercise), after the test (post-exercise) and at the 
end of recovery (17 hours after completion of the 
test). The analyses were performed immediately 
after blood collection.  
 

 
Complete blood count 
Complete blood count, including white blood 
cells (WBC), red blood cells (RBC), haemoglobin 
(HGB), haematocrit (HCT), mean corpuscular 
volume (MCV), mean corpuscular haemoglobin 
(MCH), mean corpuscular haemoglobin 
concentration (MCHC), and total platelets level 
(PLT) was obtained with a haematology analyser 
ABX Micros 60 (Horiba ABX, Warsaw, Poland). 
White blood cells phenotyping 

Blood phenotyping was performed using 
the BD Multitest™ IMK kit (BD Biosciences, San 
Jose, CA, USA) and BD Accuri™ C6 flow 
cytometer (Becton Dickinson, Franklin Lakes, NJ, 
USA). The expression of surface markers was 
determined according to the manufacturer’s 
protocol using two antibody cocktails to 
determine the percentages of T lymphocyte 
subsets (Th and Tc lymphocytes, respectively) as 
well as lymphocyte B and NK cells in erythrocyte-
lysed blood samples. The samples were analysed 
by flow cytometry (BD Accuri C6, Becton 
Dickinson). For each sample, the fluorescence 
signal of 104 events was measured and the results 
were calculated using BD Accuri™ C6 (ver. 
1.0.264.21) software. 
Biochemical analyses 
Biochemical analyses were conducted using an 
Auto Chemistry Analyser BM-100 (BioMaxima 
S.A., Lublin, Poland) in case of clinical chemistry 
variables or an Ion Selective Analyser BM ISE 
(BioMaxima S.A., Lublin, Poland). Blood serum 
was used to determine metabolites (glucose, 
creatinine, urea, uric acid and bilirubin, both total 
and direct), albumin, total protein, ferritin, C-
reactive protein (CRP), lipid profile (triglyceride 
(TG), total cholesterol (TC), high-density 
lipoprotein cholesterol (HDL-C), low-density 
lipoprotein (LDL-C) levels), enzymes activities 
(aminotransferases: aspartate (AST) and alanine 
(ALT), gamma-glutamyltransferase (GGT), 
alkaline phosphatase (ALP), creatine kinase (CK), 
creatine kinase MB (CK-MB), lactate 
dehydrogenase (LDH), alfa-hydroxybutyrate 
dehydrogenase (HBDH), lipase and amylase) and 
selected ions, namely iron, magnesium, 
phosphorus (Auto Chemistry Analyser BM-100, 
BioMaxima, Poland), sodium, potassium, chloride 
and calcium (Ion Selective Analyser BM ISE, 
BioMaxima, Poland). All studied variables were 
determined using a diagnostic method according  
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to the appropriate manufacturer’s protocol 
(BioMaxima S.A., Lublin, Poland for most of 
them; Quimica Clinica Aplicada S.A., Amposta, 
Spain for ferritin; PZ Cormay S.A., Łomianki, 
Poland for HBDH and lipase). Moreover, the CRP 
level was determined using two different 
turbidimetric assay kits according to the 
manufacturers’ protocols (BioMaxima S.A., 
Lublin, Poland and Quimica Clinica Aplicada 
S.A., Amposta, Spain) to confirm the results 
obtained during the study. All  
analyses were verified with the use of 
multiparameteric control serum, as well as control 
serum of a normal level (BioNorm) and a high 
level (BioPath) (BioMaxima S.A., Lublin, Poland). 

To quantitatively measure the plasma 
level of inflammatory cytokines (interleukin-8 (IL-
8), interleukin-1β (IL-1β), interleukin-6 (IL-6), 
interleukin-10 (IL-10), tumour necrosis factor 
(TNF), and interleukin-12p70 (IL-12p70)), the 
BD™ CBA Human Inflammatory Cytokines Kit 
(BD Biosciences, San Jose, CA, USA) was used 
according to the manufacturer’s protocol and 
analysed by flow cytometry (BD Accuri™ C6, 
Becton Dickinson). The flow cytometric data were 
calculated using FCAP Array™ Software (ver. 
3.0.1; Soft Flow Hungary Ltd., Pecs, Hungary). 

Results 
Cardiorespiratory results achieved by the 

rowers during the test are presented in Table 1.  

 
The intense effort performed during the study 
caused significant changes in all studied 
metabolites (glucose, creatinine, urea, uric acid, 
bilirubin), albumin, and total protein. The greatest 
changes were found in total and direct bilirubin  
levels in both participants (Table 2). No changes 
in GGT, ALT, CK, amylase activities in woman’s 
serum, ALT, LDH, GGT, ALP activity in man’s 
serum were observed, while increases in AST 
activity after the test yet a 2-fold decrease 
(compared to baseline values) during the recovery 
period in both rowers were found. No changes in 
the lipid profile of the participants (Table 2) as 
well as GGT, ALT, CK, amylase activities in the 
female athlete’s serum and ALT, LDH, GGT, ALP 
activity in the male’s serum were observed (Table 
2).  

Interestingly, it was found that the 
progressive rowing exercise test performed until 
exhaustion caused a 2.5-fold decrease in the iron 
level (from 30.6 µmol/L pre-exercise to 12.1 
µmol/L post-exercise and from 19.3 µmol/L pre-
exercise to 7.4 µmol/L post-exercise for male and 
female rower, respectively), yet no changes in the 
ferritin level in both participants’ post-exercise 
blood samples. Moreover, no changes in 
magnesium, sodium, potassium, chloride and 
calcium blood levels in both studied athletes were 
found.  

 
 

 
Table 1 

The cardiorespiratory fitness measures obtained during  
the progressive exercise test on a rowing ergometer until exhaustion 

 Male participant Female participant 

VO2max [mL/kg/min] 58.4 52.4 

HRmax [beats/min] 200 186 

AT [beats/min] 143 132 

RQ 1.31 1.18 

RC 168 151 

VE [L/min] 104 111 

MVV [L/min] 186 167 

MET [mL/kg/min] 16.7 14.0 

Rf 37.1 33.2 

VO2max – maximum oxygen uptake; HRmax – maximum heart rate; AT – anaerobic threshold;  
RQ – respiratory quotient (volume ratio of emitted CO2 to oxygen uptake);  

RC – respiratory compensation; VE – minute ventilation; MVV – maximal voluntary ventilation;  
MET – metabolic equivalent; Rf – respiratory frequency 
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Table 2 

Serum selected metabolite levels, lipid profile and enzyme activities of both participants  
determined before (pre-exercise) and after the progressive exercise test on  

a rowing ergometer until exhaustion (5 minutes post-exercise 
 and during recovery, 17 hours after the test) 

 Male participant Female participant 

Pre-
exercise 

Post-exercise Recovery 
time 

Pre-
exercise 

Post-exercise Recovery 
time 

glucose [mmol/L] 4.6 5.6 4.9 5.3 6.2 5.5 

creatinine [µmol/L] 101 91 93 82 91 83 

urea [mmol/L] 7.5 7.1 6.6 6.2 7.5 6.5 

albumin [g/L] 48.8 54.2 49.6 47.0 49.5 46.2 

total protein [g/L] 69.57 78.76 70.35 71.37 76.65 69.92 

uric acid [µmol/L] 272 210 224 233 185 222 

direct bilirubin 
[µmol/L] 

12.81 5.06 10.19 7.80 2.36 4.00 

total bilirubin 
[µmol/L] 

19.48 9.60 17.79 12.86 6.46 4.94 

TG [mmol/L] 0.69 0.69 0.64 0.38 0.93 0.39 

TC [mmol/L] 3.49 3.56 3.35 4.23 4.29 4.06 

HDL-C [mmol/L] 1.29 1.48 1.36 2.01 2.10 1.93 

LDL-C [mmol/L] 1.89 1.77 1.70 2.05 1.77 1.95 

amylase [U/L] 70.9 81.1 70.7 53.1 50.2 47.1 

AST [U/L] 40.0 61.3 30.6 33.8 55.5 29.5 

ALT [U/L] 25.8 27.6 23.8 19.5 19.7 17.7 

GGT [U/L] 9.5 9.7 9.4 6.2 6.5 5.8 

LDH [U/L] 364 395 359 398 428 370 

HBDH [U/L] 178 196 170 326 220 187 

CK [U/L] 565.2 389.8 304.5 278.2 234.0 259.2 

CK-MB [U/L] 19 16 16 20 13 13 

ALP [U/L] 31.05 29.73 30.18 21.07 30.80 11.46 

lipase [U/L] 62.0 42.6 32.7 58.0 42.2 57.3 

TG - triglycerides; TC - total cholesterol; HDL-C - high-density lipoprotein cholesterol;  
LDL-C - low-density lipoprotein; AST - aspartate aminotransferase (EC 2.6.1.1);  

ALT - alanine aminotransferase (EC 2.6.1.2); GGT - gamma-glutamyltransferase (EC 2.3.2.2);  
LDH - lactate dehydrogenase (EC 1.1.1.27); HBDH - alfa-hydroxybutyrate dehydrogenase (EC 1.1.1.30);  

CK - creatine kinase (EC 2.7.3.2); CK-MB - creatine kinase MB (EC 2.7.3.2);  
ALP - alkaline phosphatase (EC 3.1.3.1) 
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Table 3 

The percentages of selected white blood cells’ subsets of both participants  
determined before (pre-exercise) and after the progressive exercise test  

on rowing ergometer until exhaustion (5 minutes post-exercise  
and during recovery, 17 hours after the test) 

 Male participant Female participant 
Pre-

exercise 
Post-

exercis
e 

Recovery 
time 

Pre-
exercise 

Post-
exercise 

Recover
y time 

Lymphocytes 
(CD45+SSClow) [%] 

30.80 28.87 29.70 21.10 31.17 18.91 

T lymphocytes 
(CD45+CD3+) [%] 

66.46 52.89 64.58 71.42 65.38 70.91 

Th lymphocytes 
(CD3+CD4+) [%] 

60.97 57.69 65.07 56.01 44.95 56.00 

Tc lymphocytes 
(CD3+CD8+) [%] 

33.90 35.95 29.87 32.65 37.39 32.81 

B lymphocytes 
(CD3‒CD19+) [%] 

16.35 16.44 16.43 7.96 6.06 6.53 

NK cells 
(CD3‒CD16+ 
and/or CD56+) 
[%] 

15.90 25.95 17.64 17.72 28.64 18.07 

 
 
 
 
 
 
 

White blood cell count after the test 
increased almost twice as compared to the 
baseline values in both rowers (from 6.3  109/L 
pre-exercise to 12.3  109/L post-exercise in case 
of male rower and from 5.2  109/L pre-exercise 
to 10.2  109/L post-exercise in case of female 
rower). Interestingly, the percentages of natural 
killer (NK) cells (CD3‒CD16+ and/or CD56+) were 
higher and total T lymphocytes (CD45+CD3+) were 
lower after the test in comparison with the values 
found before the test. It was also found that there 
were higher percentages of suppressor/cytotoxic T 
lymphocyte (Tc; CD3+CD8+) and lower 
percentages of helper/inducer T lymphocyte (Th; 
CD3+CD4+) subsets in both studied rowers. No 
changes in B (CD3‒CD19+) lymphocyte 
distribution in both participants were observed 
(Table 3). 
No changes in inflammatory cytokines’ (IL-8, IL-
1β, IL-6, IL-10, TNF, and IL-12p70) and CRP levels 
after the maximal effort as well as during  
 

recovery in both studied participants were found.  
Interestingly, the values found for the CRP level 
in the male and female rowers plasma were equal 
0 mg/L in case of the use two different 
turbidimetric methods and the values for the 
cytokines were below the sensitivity of the 
detection level described by the manufacturer. 

Discussion 
Training cycles, in general, force both 

central and peripheral adaptations, and alter 
neural recruitment patterns. Physical training 
causes significant changes in muscle bioenergetics 
and morphology, substrate metabolism and acid- 
base status in skeletal muscles (Hawley, 2002). It 
is well known that rowing races, despite their 
short duration, could initiate the fatty- and amino 
acid metabolism (Desgorces et al., 2008). 

According to the technical analysis of 
rowing movements, this type of effort involves 
both, the shoulder- and pelvic girdle. Analysis of  
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the rowing motion indicates that abdominal 
muscles and those of the pelvic rim are the main  
driving force of the athlete (Readi et al., 2015). 
However, in case of adaptive rowing, shoulder 
girdle muscle are the only propeller.  

Our previous research showed that 
maximum oxygen uptake (VO2max) observed in 
case of rowers was within the range of 61 - 63 
mL/min/kg and 48 - 53 mL/min/kg for men and 
women, respectively. It is worth noting that 
VO2max values found for the studied athletes are 
similar those of soccer players with 10 year 
training experience. Moreover, the analysed male 
participant’s VO2max value found in this study was 
only 4.6% lower than the lower range of typical 
values found in the Polish rowing population. 
Female participant’s VO2max registered in our 
study was only 1.2% lower than the higher range 
of typical values of the Polish competitive rowing 
population. These values indicate a very high 
fitness level of studied athletes who row using 
only the shoulder girdle. 

Testing rowers in simulated conditions 
using a rowing ergometer enables to obtain 
results reflecting those reached in natural (racing 
shell, on water) conditions (Buckeridge et al., 
2015; Fleming et al., 2014). Interestingly, the 
values of some biochemical variables analysed in 
this study were above the reference range values 
established for the general population. The high 
level of CK activity is typical among athletes, but 
in our study it was observed that after the 
maximal effort these values did not rise during 
recovery. This suggests that the specialized 
movement did not cause muscle damage in highly 
qualified rowers. According to the literature, an 
increase in AST activity is connected with muscle 
injury caused by physical exercise (Banfi et al., 
2012; Fallon, 2008; Lippi et al., 2011). The results 
of AST activity observed in our study confirm the 
above-mentioned hypothesis, since the AST 
activities decreased during recovery in both 
athletes. Based on the experimental data it should 
be pointed out that LDH as well as HBDH 
activities decreased in  
both studied rowers during the recovery period. 
The most probable explanation of these 
observations is that there was a relationship 
between post-exercise changes induced by regular 
training and the maximum effort implemented 
during the study. It was also found that  
 

 
specialized movement performed on the rowing 
ergometer did not cause changes in other studied 
enzymatic markers belonging to the typical 
clinical chemistry profile.  

Analysing clinical chemistry variables 
characterising studied participants, a high level of 
bilirubin before the exercise protocol and during 
recovery was observed. It is well known that 
bilirubin production is strictly dependent on 
erythrocyte haemolysis (which is often highly 
increased in athletes) and haemoglobin 
catabolism. Although haemolysis in athletes has 
been studied during acute exercise, it is difficult to 
evaluate its influence over an entire competitive 
season (Banfi et al., 2012). Moreover, it was found 
that maximal effort caused a decrease in the iron 
but no changes in the ferritin level. Some 
observed changes in ions and metabolites 
concentration (e.g. magnesium, uric acid) 
immediately after the exercise may be related to 
the dehydration of athletes. Decreases of about 2% 
in haematocrit values and 1% in total protein and 
albumin concentrations in blood of both rowers 
were observed. Interestingly, during the analysis 
of clinical chemistry characteristics of these 
athletes performed before the preparatory phase 
of the training programme (after the Paralympic 
Games in Rio 2016), those changes were not 
observed.  
It must be emphasised that after maximal effort 
on the rowing ergometer white blood cell total 
count was twice as high as baseline values in both 
participants. The flow cytometric analysis 
indicated a 1.6-fold higher percentage of NK cells 
after the exercise in comparison to baseline values 
among both participants, but no changes in B cells 
and some minor fluctuation in T cell subsets 
distribution. Additionally, there was no cytokine 
release observed neither after the exercise nor 
during recovery. Those observations may indicate 
a high level of biological adaptation to physical 
exercise of both studied rowers. On the other 
hand, these results suggest that specialized 
movement on a rowing ergometer did not cause 
inflammation even in case of highly exhaustive 
effort such as the progressive exercise test. It 
seems that the increase in total WBC count was 
not related to the immunological response, but 
only to dehydration of the participants that was 
also observed by Penkman et al. (2008). 
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Conclusions 
Specialized movement performed on the rowing 
ergometer caused general changes in clinical 
chemistry variables. It is worth noting that  
this type of exercise in case of elite paralympic 
rowers did not cause an increase in CK activity 
during recovery. Moreover, no inflammatory 
symptoms were found during the experiment, 
which suggests a high level of participants’  
 

 
biological adaptation to physical exercise of high 
intensity. 

In conclusion, the different changes in 
physiological, biochemical and immunological 
variables are related to the adaptive mechanisms 
to physical exercise, directed at improving aerobic 
and anaerobic performance of athletes. Therefore, 
it is crucial to monitor and adapt the training 
process individually for each athlete. 
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