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Abstract
Objectives: Assessment of the effect of training on Special Aerial Gymnastics Instruments (SAGI) on the urine β-2-
microglobulin (β-2M), albumin (ALB), total protein (TP), N-acetyl-β-D-glucosaminidase EC.3.2.1.30 (NAG), expressed 
as creatinine (Cr) and on the physical fitness of the examined cadets in comparison with the control group. Material and 
Methods: The study involved 55 cadets aged 20, divided into group A (N = 41) trained on SAGI, and group B (N = 14) – 
a control group. The urine was collected twice: before the training (BT) and after the training (AT) at the start (training I), 
during (training II), and after completion of the training program (training III). Urine proteins were assayed with commer-
cially available kits. Results: In group A, results obtained in trainings I, II and III showed a statistically significant increase 
in β-2M/Cr, NAG/Cr, TP/Cr, ALB/Cr indices in AT compared with the baseline BT values. Similarly in group B, a statisti-
cally significant increase in β-2M/Cr, NAG/Cr (trainings I, II), TP/Cr, AT compared with the baseline BT values in train-
ings I, II, and III was noted. Comparison of both groups showed a higher value of the post-exercise proteinuria in group B 
than in group A. In group A, a significant correlation between TP/Cr vs. ALB/Cr, NAG/Cr vs. TP/Cr, β-2M/Cr vs. TP/Cr, 
i.e., r = 0.62 at p < 0.001; r = 0.33 at p = 0.03; r = 0.60 at p < 0.001, and r = 0.52 at p < 0.001, respectively, was observed 
in group A, training III, AT. Conclusions: Assayed urine proteins depend on the intensity of physical exercise, the type 
of exercise, and the level of physical fitness.

Key words:
Proteinuria, N-acetyl-β-D-glucosaminidase, β-2-microglobulin, Albumin, Creatinine, 
Special Aerial Gymnastics Instruments

This work was funded by the grants for 2009–2010 as a developmental project (No. O R/00 001706). Grant manager: Marek Grzegorzewski, Ph.D.
Received: September 7, 2014. Accepted: January 24, 2015.
Corresponding author: Z. Wochyński, Polish Air Force Academy, Department of Physical Education, Dywizjonu 303, 08-521 Dęblin, Poland (e-mail:  
zbigniew.wochynski@op.pl).

INTRODUCTION
Training using Special Aerial Gymnastics Instru-
ments (SAGI) is used to improve hand–eye coordination 
and spatial orientation [1]. Special Aerial Gymnastics 
Instruments contain the following instruments: a loop-
ing, a gyroscope, and an aero wheel. Exercises on SAGI 
belong to isometric exercises, which may produce pro-
teinuria. Kidneys play a key role in the development of 

the post-exercise proteinuria [2]. An increase in the pro-
teinuria during an intense physical exercise is caused by 
penetration of the plasma proteins into renal tubules [3]. 
Proteins, present in the urine after an exercise on SAGI 
may provide valuable information about the process of 
adaptation to the physical exercise. Proteinuria develops 
immediately after a physical exercise and may be observed 
for 24 h thereafter [4]. An increase in proteinuria depends 
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There are no reports on the post-exercise proteinuria after 
training on SAGI. We attempted to evaluate a diagnostic 
value of the above listed proteins to monitor physical load 
of the cadets trained on SAGI in comparison with a con-
trol group, in which the character and intensity of physi-
cal exercises differentiated. A key issue we examined is 
whether SAGI exercises of low level intensity might make 
one’s body heavier than another form of high level inten-
sity exercises. The answer to the question is of tremen-
dous importance in the training process. At the same time, 
the cadets’ general physical fitness was assessed as an ef-
fect of the use of specific exercises on SAGI.
During the course of the research, a following hypothesis 
has been formulated – with the use of the applied exercise 
markers: NAG/Cr. β-2-microglobulin/creatinine, ALB/Cr 
and TP/Cr, it will be possible to determine the level of ex-
ercise adaptation, the type of proteinuria depending on 
the character (type) and the intensity of physical effort 
among people exercising with SAGI in comparison with 
the control group.

MATERIAL AND METHODS
Subjects
The study involved 55 cadets (men), aged 20 years, di-
vided into 2 groups: group A (N = 41), trained on SAGI, 
and group B (N = 14), which served as a control group. 
The groups used a standard program of physical education. 
In both groups, urine samples were collected twice before 
the training (BT) and after the training (AT) at the be-
ginning (training I), during (training II), and after (train-
ing III) completion of the training program with the use 
of SAGI. The urine samples were collected BT, in each 
training at 9:00 a.m. and AT at 11:00 a.m. In both groups 
the physical education program consisted of 20 training 
units. The whole education program lasted 70 days. Each 
training was 90 min long.
The authors obtained a permission from the appropri-
ate ethical commission to perform the study. Consent of 

on the degree of the human body adaptation to the physi-
cal load in both aerobic and anaerobic metabolism. Higher 
proteinuria was found in the case of anaerobic metabo-
lism, compared with aerobic metabolism [5]. It has been 
also seen that people who are less physically active have 
a higher level of this protein in urine. Post-exercise pro-
teinuria has been found in various sport disciplines but 
the highest level has been noticed after swimming train-
ing [6,7]. Proteinuria depends on the type of exercise and 
its intensity [3,8,9].
Among several proteins existing in urine, measured after the 
training, albumin was notably on the highest level. This phe-
nomenon was called post-exercise albuminuria [6,10]. β-2-
Microglobulin (β-2M), albumin (ALB), total protein (TP), 
and N-acetyl-β-D-glucosaminidase EC.3.2.1.30 (NAG), ex-
pressed as creatinine (Cr), were used as exercise mark-
ers because of their high diagnostic role. N-acetyl-β-D-
glucosaminidase EC.3.2.1.30 is a lisosomal enzyme cata-
lyzing splitting N-acetyl-β-D-glucosaminidase or N-acetyl-
galactosamines off various oligosaccharides in glycopep-
tides and glycoproteids. Its activity has been shown in both 
tissues [11] and body fluids [12] in a form of A and B iso-
enzymes. Under physiological conditions, NAG activity 
in urine is rather low, as it does not filter through healthy 
renal corpuscles. An increase in its activity may reflect 
structural changes in kidneys with particular reference to 
renal tubules. β-2-Microglobulin is a protein of molecular 
weight 11.8 kDa, which increases after an exercise. It con-
sists of 100 amino acids and practically does not contain 
carbohydrates.
An increase in β-2M levels in urine indicates damage of 
proximal renal tubules in normal renal glomeruluses func-
tioning. β-2-microglobulin undergoes a glomerular filtra-
tion, being initially bound to brush border of the proximal 
tubules cells and then, absorbed by micropinocytosis. It is 
degraded in the lysosomes of the renal tubule cells. An 
increase in β-2M, associated with NAG, may illustrate 
changes in the kidneys [13].
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 – Looping – 2 series of turns on the blocked looping. 
Each series consisted of 10 turns forwards and 10 turns 
backwards (Photo 1a). Interval between the series of 
turns was 20 s. The pause before the next exercise on 
a gyroscope was 3 min.

 – Gyroscope – 2 series of dynamic turns with rotations on 
a gyroscope, each lasting 60 s. Interval between the se-
ries was 20 s (Photo 1b). The pause before the next ex-
ercise on an aero wheel was 3 min.

 – Aero wheel – 2 series of turns. Each series consisted 
of 3 turns sideways to the right and 3 turns sideways to 
the left. Each series was repeated 4 times, alternative-
ly 3 turns in each direction (Photo 1c). Interval between 
the series was 20 s. The pause before the next exercise 
on an unplugged looping was 3 min.

Standard program of physical education
In group B, exercises of similar intensity were performed 
in all the 3 trainings. The physical education program in-
cluded exercises improving general physical fitness with an 
emphasis on all motor capabilities. Standard team sports, 
light athletics, gymnastics, outdoors runs. Intensity of all 
exercises was quite high to increase body functional abili-
ties and to adapt to a higher load in the further stage of 
education. The so-called goal technique, repetitions, 
and interval techniques were used during the training. In 
both groups, apart from different training programmes, 

the proper bioethical commission for the research stud-
ies was obtained (decision No. 03A/2009 of 08.07.2009 of 
the Ethical Commission on Biomedical Research Studies 
at the Military Institute of Aviation Medicine, Warszawa, 
Poland). The study was conducted according to the ethi-
cal standards of the International Journal of Sports Medi-
cine [14], and was approved by the local ethics committee.

Measurements
Urine ALB, TP, NAG, β-2M, and Cr were assayed with 
the following techniques:
 – albumin with the immunoturbidimetric technique, 

using ROCHE reagents and Cobas Integra 400/800 
Analyzer;

 – TP was assayed with pyrogallol red, using ROCHE 
reagents and Integra 400/800;

 – urine NAG was assayed with the colometric tech-
nique [15], using Sigma Aldrich (USA) reagents, meas-
uring concentration of the released p-nitrophenyl-2-
acetamide-2-desoxy-β-2-glucopiranoside; results were 
read with Perkin Elmer, USA spectrometer;

 – β-2M was assayed with the chemiluminescence tech-
nique using IMMULITE 1000 device (SIEMENS);

 – Cr was assayed with the Jaffee technique, using 
ROCHE reagents and Integra 400/800.

Training intensity was monitored in both groups using Po-
lar Team-2 Pro, which recorded the heart rate (HR). 
The procedure consisted of a belt with HR recorder fitted 
at the chest level, recording HR during the whole training. 
Then, the HR recorder was detached and put into a de-
vice reading changes in HR.

Procedure and design
Training program
In group A, the level of intensity in all the 3 trainings 
was similar. The training was performed with intervals 
between all the trainings. The training consisted of a se-
quence of the following exercises:

Photo 1. Special Aviation Gymnastics Instruments: 
a) a looping, b) a gyroscope, c) an aero wheel

a) b) c)
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and after the training in both groups was calculated by 
means of the Benferroni test. Comparison of the indi-
ces before and after the training between both groups 
was performed using the variance analysis (ANOVA). 
The correlation r-Pearson between the indices in the re-
searched groups was calculated. Statistical analysis of 
the research findings was performed by means of the sta-
tistical software Statistica 9. The differences between 
the average values were considered to be vital when 
the calculated p < 0.05.

RESULTS
The obtained results showed a statistically insignificant dif-
ference between the examined groups in such parameters 
as: age, height, body weight, and body mass index (BMI) 
(Table 1).
In group A, the assays of the examined markers showed 
a statistically significant increase in ALB/Cr, TP/Cr, 
and β-2M/Cr AT in all the 3 trainings at p < 0.001 in 
comparison with the BT values (Table 2). N-acetyl-β-D-
glucosaminidase EC.3.2.1.30/creatinine increased in-
significantly AT in trainings I, II, and III at p < 0.005, 
p < 0.001, and p < 0.05, respectively in comparison with 
the BT values (Table 2).

the same all-day physical activity including drilling, march-
ing, and other military activities in the period of the ex-
periment have been additionally performed.
The cadets’ fitness was assessed before (series I) and 
after (series II) completion of the study on proteinuria, 
using fitness tests, such as: the Aero-Synthetic Efficiency 
Test (ASET) [16], shuttle race 10×10 m, pulling-up on 
a bar, sprint for 16.5 m, and body bending forward.
All the examined cadets were provided with the same 
board and lodging. They consumed a standard diet com-
plying with the standards of nutrition. Daily food rations 
contained 4500 kcal, including 150 g of fat (30%), 112.5 g 
of protein (10%), and 675 g of carbohydrates (60%).
The cadets in both groups drank water before and after 
the training, about 1 l in total. They were doing exercises 
while the surrounding temperature was 18°C.

Statistical analysis
In the statistical research, the average and standard de-
viations of all the indices were calculated. Normal dis-
tribution of variables was verified by means of the Kol-
mogorov-Smirnov test. The assumption concerning ho-
mogeneity of variances was verified by means of the Lev-
ene’s test. The difference between the indices before 

Table 1. Demographic data and the heart rate in the studied groups [36]

Parameter
Group A
(N = 41)
(M±SD)

Group B
(N = 14)
(M±SD)

p

Age [years] 20.53±1.02 20.21±0.42 n.s.
Height [cm] 176.64±5.78 173.62±5.12 n.s.
Body weight [kg] 71.03±6.94 67.59±6.36 n.s.
BMI [kg/m2] 22.82±1.95 22.49±1.87 n.s.
HR [bpm] from the training unit 

training I 108.5±11.80 131.6±15.80 < 0.001
training II 107.3±11.70 139.7±8.80 < 0.001
training III 101.7±7.69 145.3±6.70 < 0.001

BMI – body mass index; HR – heart rate; M – mean; SD – standard deviation; n.s. – statistically non-significant.
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at p < 0.001 (Table 3). Both before and after the train-
ing, a decrease in NAG/Cr value was statistically insig-
nificant in group B in comparison with group A. After 
the training, statistically significant higher TP/Cr val-
ues were noted in group B than those in group A in all 
the 3 trainings at p < 0.001, p < 0.005, and p < 0.001, 
respectively (Table 3). After the training, an increase 
in β-2M/Cr value in group B was statistically signifi-
cant in trainings I and II at p < 0.01 and p < 0.001, 
respectively.
In group A, AT correlation between TP/Cr and 
ALB/Cr was significant in all the 3 trainings, i.e., r = 0.54 
at p < 0.001, r = 0.37 at p = 0.01, and r = 0.62 

In group B, a statistically significant increase in ALB/Cr 
in training I (p < 0.005) AT was noted in comparison with 
the BT values (Table 3). A significant increase in TP/Cr 
was found AT in all the 3 trainings p < 0.05, p < 0.005, 
and p < 0.001, respectively in comparison with the BT 
values. An increase in NAG/Cr AT in training I was insig-
nificant, whereas it was significant in trainings II and III 
at p < 0.001 and p < 0.005 in comparison with the BT val-
ues. After the training, a significant increase in β-2M/Cr 
was seen in all the 3 trainings at p < 0.001, p < 0.005, 
and p < 0.001, respectively (Table 3). 
Before the training and after it, the value of ALB/
Cr was significantly higher in group B in training II 

Table 2. Changes in proteinuria before and after the training on Special Aerial Gymnastics Instruments in group A (N = 41) 
in trainings I, II, and III

Ratio
Training I Training II Training III

BT
(M±SD)

AT
(M±SD) p BT

(M±SD)
AT

(M±SD) p BT
(M±SD)

AT
(M±SD) p

ALB/Cr [mg/g] 5.57±4.27 24.12±16.82 < 0.001 5.50±4.14 19.79±17.87 < 0.001 4.50±2.90 26.70±17.85 < 0.001
TP/Cr [mg/g] 6.59±4.01 8.73±4.59 < 0.001 6.76±2.30 10.95±4.62 < 0.001 5.94±1.72 9.58±6.13 < 0.001
NAG/Cr [U/g] 1.66±0.49 1.89±0.53 < 0.005 1.52±0.36 1.84±0.39 < 0.001 1.46±0.60 1.62±0.41 < 0.050
β-2M/Cr [mg/g] 0.07±0.02 0.09±0.05 < 0.001 0.06±0.02 0.09±0.04 < 0.001 0.06±0.02 0.11±0.05 < 0.001

ALB/Cr – albumin/creatinine; TP/Cr – total protein/creatinine; NAG/Cr – N-acetyl-β-D-glucosaminidase/creatinine; β-2M/Cr – β-2-microglobulin/
creatinine.
BT – before the training; AT – after the training.
Other abbreviations as in Table 1.

Table 3. Changes in proteinuria before and after the training on Special Aerial Gymnastics Instruments in group B (N = 14) 
in trainings I, II and III

Ratio
Training I Training II Training III

BT
(M±SD)

AT
(M±SD) p BT

(M±SD)
AT

(M±SD) p BT
(M±SD)

AT
(M±SD) p

ALB/Cr [mg/g] 6.33±5.36 33.02±28.49 < 0.005 4.11±1.50 49.35c±22.59 < 0.001 4.73±2.92 25.71±11.63 < 0.001
TP/Cr [mg/g] 7.54±3.77 11.91±7.91 < 0.050 7.85±3.11 15.34a±6.24 < 0.005 6.80±1.79 18.21c±9.03 < 0.001
NAG/Cr [U/g] 2.44c±0.49 2.50c±0.34 n.s. 1.51±0.31 2.43b±0.93 < 0.001 1.53±0.31 2.27c±0.65 < 0.005
β-2M/Cr [mg/g] 0.07±0.02 0.14a±0.05 < 0.001 0.07±0.03 0.21c±0.13 < 0.005 0.05±0.02 0.08±0.02 < 0.010

Abbreviations as in Tables 1 and 2.
Difference statistically significant in comparison with group A at: a p < 0.01, b p < 0.005, c p < 0.001.
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at p < 0.001, respectively. It was also found that the corre-
lation between NAG/Cr vs. TP/Cr, and β-2M/Cr vs. ALB/
Cr was significant AT in training III: r = 0.33 at p = 0.03 
and r = 0.60 at p < 0.001, respectively. After the training 
the correlation between β-2M/Cr vs. TP/Cr was significant 
in trainings I and III: r = 0.6 and r = 0.52 at p < 0.001. 
In group A, a statistically insignificant correlation be-
tween β-2M/Cr vs. NAG/Cr and ALB/Cr vs. NAG/Cr was 
found (Table 4).
In group B, a strong positive correlation between 
TP/Cr and ALB/Cr was found AT in training I: r = 0.91 at 
p < 0.001. No significant correlation of the remaining pa-
rameters was seen in all the 3 trainings (Table 4). How-
ever, correlations in group A and group B are interesting 
in training III.
Assessment of physical fitness in group A showed a sta-
tistically significant improvement in series II in pulling up 
on a bar (p < 0.01), race for 16.5 m (p < 0.001), body 
bending forward (p < 0.001) and ASET (p < 0.001), 
compa ring with series I (Figure 1).
In group B, a statistically significant improvement in phys-
ical fitness related to the pulling up on a bar (p < 0.005), 
body bending forward (p < 0.001), and ASET (p < 0.05) 
in comparison with series I. An improvement in the result 
of race for 16.5 m proved to be statistically insignificant 
(Figure 1).

Table 4. Correlations between the analyzed ratios in the 3 trainings in groups A and B after the training

Correlations
Group A Group B

training I training II training III training I training II training III
TP/Cr vs. ALB/Cr 0.54c 0.37b 0.62c 0.91c 0.27 0.09
NAG/Cr vs. TP/Cr 0.15 –0.09 0.33a –0.40 0.05 0.02
β-2M/Cr vs. NAG/Cr 0.15 0.08 0.18 0.02 –0.29 –0.04
β-2M/Cr vs. ALB/Cr 0.09 –0.06 0.60c –0.33 0.18 –0.18
ALB/Cr vs. NAG/Cr 0.12 –0.01 0.15 –0.38 –0.16 0.40
β-2M/Cr vs. TP/Cr 0.60c 0.15 0.52c –0.34 –0.04 –0.42

Abbreviations as in Tables 1 and 2.
Level of significance: a p = 0.03; b p = 0.01; c p < 0.001.
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ASET – Aero-Synthetic Efficiency Test.
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Fig. 1. Changes of physical fitness in a) group A and 
b) group B before (series I) and after (series II) completion 
of the education cycle [36]
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with group B. It could be confirmed by the physical fitness 
tests performed in both groups at the end of the educa-
tion program. In group A, the examined cadets performed 
isometric exercises accompanied by body rotations in dif-
ferent planes on SAGI.
These exercises (despite their lower intensity) could in-
crease a body demand for the proteins. It was particularly 
visible in the BT values in training III in comparison with 
group B. Such a hypothesis was confirmed by the fitness 
tests performed in both groups at the end of the trainings. 
In group A, the results of some fitness tests were better 
(Figure 1). Similar conclusions have been drawn [20] when 
measuring grip strength and leg strength in the subjects 
with and without proteinuria. Those authors have found 
that the leg strength per kg body weight was lower in men 
with proteinuria than that in men without proteinuria, af-
ter adjusting for age. Grip strength was also lower but not 
significantly. Evaluation of proteinuria AT under an in-
creased demand for oxygen is also important. Our results 
showed a higher demand in group B than that in group A, 
especially in trainings II and III (Table 3). A 30-time in-
crease in TP/Cr in the light athletes was noted after in-
terval training in anaerobic-lactate metabolism and a re-
turn to the values similar to those BT after 24 h [4,21]. In 
the marathon runners [22] and triathlonists [13], similar 
effects have been also observed. It is known that the re-
turn of the proteins to the normal values is more rapid in 
the individuals who are used to physical effort.
Exercise-produced protein catabolism may result from 
the disturbed body energy balance leading to both pro-
teinuria and an increase in the lactic acid level. In such 
a case, anabolic processes are decelerated. Sós [23] studies 
may explain it; the author has shown a reduction of the el-
evated plasma lactate level in the swimmers trained with 
maximum intensity in 3 macrocycles (970 km per week 
for 6 weeks).
He used a special diet supplementation notably reduc-
ing the plasma lactate level and proteinuria despite 

In both groups an improvement of the results of a shuttle 
race for 10×10 m was insignificant in series II in compari-
son with series I (Figure 1).

DISCUSSION
The investigated groups differ in the intensity and type 
of exercises performed during the training. The results 
obtained in both groups showed an increase in TP/Cr, 
NAG/Cr, β-2M/Cr, and ALB/Cr after the exercise in all 
the 3 trainings, which is confirmed by the recorded HR 
(Table 1). Lower values of these parameters in group 
A than those in group B indicate a lower intensity of ex-
ercises, longer intervals between changing instruments, 
and exercise specificity. In group A, the values of the urine 
ALB/Cr AT indicate microalbuminuria (> 25 mg/g) only 
in training III. In group B, higher values of microalbumin-
uria were seen AT in all the 3 trainings. The level of mi-
croalbuminuria depends on the glomerular filtration bar-
rier functioning [5,17]. It was found that a regular physical 
exercise is associated with a lower ALB/Cr rate in the BT 
values in all the 3 trainings. It is a reaction similar to this 
observed in the triathlonists; their urine ALB/Cr and 
TP/Cr ratios initially increased and gradually decreased 
parallel to the continuous physical effort.
It indicated a decrease in GFR [18]. Other authors have 
found that the intermittent exercise on a cycle ergometer 
exerted a higher effect on the higher excretion of both 
albumin and total protein into the urine than the con-
tinuous exercise. This fact has been associated with 
changes of the urine pH [19]. Lower values of the urine 
TP/Cr found before and after the exercise in group A in 
comparison with group B indicate that the type of exer-
cise together with its intensity play an important role. In 
group A, the examined cadets performed isometric exer-
cises with simultaneous body ration in various planes dur-
ing the training on SAGI. Despite its lower intensity, this 
training could increase a higher demand for proteins. This 
is particularly seen at BT in training III in comparison  
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a body adaptation to the exercise. It is not known why 
no significant increase in NAG/Cr value was seen in 
group B AT in comparison with its BT value. In other stud-
ies [27], no significant increase in NAG/Cr value has been 
found after the exercise, similarly to our group B. Prob-
ably in group B, exercise did not increase susceptibility to 
the used load in training I. The value of β-2M/Cr increases 
statistically significantly during a more intensive physical 
exercise.
This was confirmed by the statistical analysis, which showed 
statistically significant higher values in β-2M/Cr in group B 
compared with group A in trainings I and II. An exercise-
induced increase in β-2M/Cr values may result from the re-
duced blood renal flow and an increase in serum oxygen 
free radicals. An increase in β-2M/Cr values may result 
from the damage of the glomerular filtration barrier. Un-
der normal conditions, this barrier retains the majority of 
plasma proteins [28,29]. All podocyte layers with adjacent 
space [30], which are sensitive to the lesions [31], play a par-
ticular role in the glomerular filtration barrier. In both our 
groups, a decreasing tendency in BT β-2M/Cr ratio (train-
ing III) with the training duration was shown, suggesting 
kidneys adaptation to the physical exercise. The correla-
tions between β-2M/Cr, NAG/Cr, TP/Cr, and ALB/Cr ra-
tios provided important information. In group B, a positive 
correlation between ALB/Cr and TP/Cr, i.e., r = 0.91, was 
found in the value AT in training I.
This fact might be associated with a higher effort and 
no adaptation to the physical exercise. Lower correla-
tion at the same intensity of the exercise was shown after 
the training in trainings II and III. It could be explained 
by a body adaptation. A different situation took place in 
group A, in which a statistically significant positive cor-
relation between ALB/Cr and TP/Cr was noted in the AT 
values in all the 3 trainings. With continuation of the train-
ing, the examined cadets improved the technique of exer-
cises and could increase their intensity, which is confirmed 
by the highest correlation between ALB/Cr and TP/Cr 

maintaining the same training load. Sós [23] suggests 
that the diet supports a mechanism responsible for lac-
tate elimination and reduction of the protein catabolism 
and/or protein reabsorption. In our study, we did not as-
say proteinuria after 24 h as the cadets were not physically 
loaded as professional athletes are. Therefore, the AT val-
ues are comparable with the baseline values and not with 
the ones indicating not reduced symptoms of the fatigue. 
A decreasing tendency of TP/Cr values may be seen from 
the baseline values in all the 3 series of assays. It may be 
explained by the increased protein biosynthesis also indi-
cating adaptation to physical effort.
Comparison of TP/Cr values in both groups suggests that 
proteinuria in our study depended on the exercise inten-
sity and not on its duration. It is confirmed by the study 
of Bellinghieri et al. [24]. Those authors have found that 
proteinuria depends on the type of an exercise and its in-
tensity and not on its duration. Correlation r = 0.85 be-
tween venous lactate and ALB and TP following runs of 
the maximum intensity, for various distances, shown by 
Portmans and Labilloy [5], indicates that the exercise in-
tensity and not its duration exerts an effect of proteinuria 
and albuminuria (microalbuminuria). N-acetyl-β-D-glu-
cosaminidase EC.3.2.1.30 is considered a good marker 
of renal tubules damage [25]. In this study, an increase in 
the NAG/Cr value was found in both groups after the ex-
ercise. However, group B was characterized by higher 
values of this ratio in comparison with group A. N-acetyl-
β-D-glucosaminidase EC.3.2.1.30/creatinine ratio indi-
cated a higher body overload in group B than the one in 
group A AT. Decreasing tendency of this ratio both before 
and after the exercise in both groups, especially in train-
ings II and III, may mean that the body adapts to the used 
load. Nowacka et al. [26] have found an increase in 
NAG/Cr values in light athletes training under anaerobic- 
lactate conditions.
Parallel to the training, a decrease in NAG/Cr value was 
seen in the subsequent microcycles. It was considered as 
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Renal hemodynamic changes associated with vessels walls 
permeability may cause glomerular proteinuria during an ex-
ercise [24]. In group B, a negative correlation between NAG/
Cr and β-2M/Cr (r = –0.04) was noted. It may suggest that 
the damage of the glomeruli not always correlates with 
the damage of renal tubuli. It means that the type of exer-
cise and body position also play an important role [35]. Ya-
guchi et al. [13] have shown a positive correlation r = 0.70 
at p = 0.006 between NAG/Cr and β-2M/Cr after a triathlon, 
consisting of 10 km run, 40 km cycling, and 1.5 km swim-
ming. However, no significant correlation between TP/Cr 
and β-2M/Cr (r = –0.02) and NAG/Cr and TP/Cr (r = 0.01) 
was noted. In group B, the correlation between TP/Cr 
and β-2M/Cr (r = –0.42) was negative, whereas the corre-
lation between NAG/Cr and TP/Cr (r = 0.02) was positive, 
similarly to the effect of a triathlon [13].
Considering changes of BT and AT ratios in all the 3 train-
ings and comparing both groups, one should stress that 
higher proteinuria was noted in group B than in group 
A with a simultaneous higher intensity of the physical ex-
ercise. Correlations in group A indicate temporary impair-
ment of the filtration barrier, i.e., impaired re-absorption 
tubular function. It is confirmed by the positive correlation 
between NAG/Cr and β-2M/Cr. In group B, the negative 
correlation between NAG/Cr and β-2M/Cr may suggest 
co-operation of these 2 mechanisms. Considering general 
physical fitness in both groups, it should be stressed that 
the training on SAGI exerts a comprehensive effect on 
the cadets’ motor capabilities in group A. It is confirmed 
by the higher number of the competitions in series II in 
which a statistically significant improvement was achieved 
in comparison with series I and group B.
Summing up, the obtained results showed that that the val-
ues of TP/Cr and NAG/Cr ratios differentiate the intensity 
of physical exercise and are good markers of adaptation to 
physical exercise. The observed correlation between NAG/Cr 
and β-2M/Cr in both groups of the cadets may serve as a base 
of both types of physical exercise and proteinuria. The positive 

after the training in training III. Change of body position 
and the type of training on SAGI may result in an oxida-
tive stress in the examined cadets. The published results of 
the study by Sentürk et al. [32] have indicated that physical 
exercise induces oxidative stress, which may lead to pro-
teinuria in sedentary and trained men.
The higher level of free radicals, the higher proteinuria. 
Higher proteinuria in group B is probably induced by 
the decreased cellular redox potential. It has been dem-
onstrated that physical exercise induces an urinary excre-
tion of ZnCu-superoxide dismutase [33]. Bovio et al. [34] 
have shown a correlation between urinary Zn excretion 
and serum Zn level. In group A, a positive correlation 
between NAG/Cr and β-2M/Cr (r = 0.18) was found in 
training III in comparison with group B despite the lower 
intensity of exercises. It was found that the glomerular 
proteinuria is started by light physical exercises, while 
heavy training produces mixed glomerular-tubular pro-
teinuria [3]. In group A, the correlation between NAG/Cr 
and β-2M/Cr ratios indicates mixed proteinuria. In train-
ing III, statistically significant correlations between TP/Cr 
and β-2M/Cr and NAG/Cr and TP/Cr ratios were seen in 
group A. It could be associated with stress and renal load 
during specific exercises on SAGI. These exercises mark-
edly load the body because of +Gz (head–legs direction) 
and –Gz (legs–head direction).
Exercises on SAGI are associated with a marked effect on 
the receptors in both the cardiovascular system and the 
CNS. They result in an elevation of blood pressure. Pro-
teinuria may depend on the damage of the glomerular 
filtration barrier, which is highly selective size and shape 
structure for serum proteins. Structural and functional in-
tegrity of all its layers also plays an important role [17]. 
Podocytes with their receptors sensitive to the changes of 
blood pressure and contractile apparatus exerting a sig-
nificant effect on GFR [27,29] constitute a key element of 
the filtration barrier. Exercises on SAGI may temporarily 
damage renal corpuscles and tubuli.
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CONCLUSIONS
Assayed urine proteins depend on the intensity of physical 
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