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The South Ural is one of the most advanced industrial regions in Russia. It has huge
industrial potential (metal industry, mechanical engineering, chemical process industry, oil-
extracting industry, mineral resource industry) which predetermines negative ecological
trends in the region. Levels of air pollution with salts of heavy metals, phenol and C O, are 2-
4 times higher than national air quality standards. Moreover, natural background radiation
in the region is increased. Under the stated conditions, low levels of motor activity lead to
hypoxia and cumulative disorders of the locomotor system as well as to respiratory, gastric,
oncological, allergic and other diseases. Poor environmental background significantly affects
demographic rates including the life expectancy which is 72 in average for the region: 60
years for men, and 75 years for women.

The paper studies how the main anthropometric and physiological parameters in the
local residents who are divided into three groups according to their health status and motor
activity (so called health groups) influence the physical fitness. Social-biological and medical
aspect of the study — to find out the correlation between parameters in the examined people
from different groups — may also be of interest for specialists working on optimization of
physical education practice and student’s health promotion.

Keywords: statistical analysis; cardiovascular system; Skibinski index; orthostatic test;

models.

Introduction

According to the existing Russian and foreign literature [1, 2|, 75 % of population suffer
from disorders of general motor activity (foot deformities, disorders of extremities and
spinal column, shift of general center of mass, osteoarthritis, osteochondrosis, myofascial
and vertebrogenic pains) and visceral diseases (gastritis, colitis, gastric ulcers, oncological
diseases) as well as from restrictive and obstructive pulmonary diseases (bronchial spasms,
bronchoconstrictions).

In order to study the influence of certain health status parameters on motor activity
we invited the university students who were further divided into three groups according
to the results of preliminary medical examination.

The first group (16 students) included apparently healthy individuals, the second
group (15 students) — individuals with insignificant abnormalities, and the third group
(15 students) included individuals with significant abnormalities. The age of the students
involved in our study was between 18 and 21. Physical exercising in the first group was
aimed at increased motor activity (two fitness classes per week and three classes per week
dedicated to their favorite sports) with 8 hours of exercising per week in total. The second
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group followed the regular program of physical education (2 classes per week) and, in
addition, practiced weekend hiking, so both kinds of activities took 8 hours per week in
total. Students from the third group followed the individual programs of exercise therapy
having their classes twice a week and also practicing self-exercises on the daily basis except
the exercise therapy days.

We analyzed the following parameters: age (Age), height (H) and weight (W) of the
examined students, levels of systolic and diastolic pressure (SAD and DAD, respectively),
heart rate reaction to orthostatic effect (Ort), Skibinski index (Ind-Skib) and some
other parameters including arm strength dynamometry results for right (F.g:) and
left (Fjes:) arms, and global strength endurance parameter. It is notable that arm
strength dynamometry index reflects the specific of the students exercising, and heart
rate parameters may indicate the impairment of circulation.

Physical fitness test indicator was based on the student’s performance in 100-meter
race (Sprint) and 500-meter and 1000-meter cross-country running (Cross). We were
mainly interested in morpho-functional parameters influencing the test results in different
health groups. The results of preliminary medical examination which was used to form the
health groups agree nicely with the parameters under analysis. The performed discriminant
analysis of health group affiliation showed that identification of the first and the second
group affiliation was absolute (100 % correct identification), and that identification of
the third group affiliation was sufficient — 80 %. The total percent of correctly ranged
individuals was over 93 %.

1. Analysis of Health Group Homogeneity Relative to Certain
Parameters

1.1. Age, Weight, Height

Statistical analysis of these parameters (ANOVA and Multiple Range Tests in
particular) at 95 % reliability level does not show the influence of a certain group affiliation
on the stated parameters. The absence of such influence may be seen from the weight
levels ranging in groups shown in the tables below. Tables of weight (Table 1) and height

Table 1
Means for W with 95.0 percent LSD intervals

Group | Count | Mean | Lower lim | Upper lim

1 16 | 54,2 50,9 57,4
2 15 | 55,5 52,1 58,8
3 15 | 55,5 52,1 58,8

Total 46 25,0

(Table 2) of the examined and the corresponding tables (Table 3 and Table 4) of analysis
of variance.

The same is observed for the Age variable. Thus, the studied groups show homogeneity
relative to the parameters listed above — they do not differ significantly for members of
different health groups.
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1.2.

Table 2

Means for H with 95,0 percent LSD intervals

Group | Count | Mean | Lower lim | Upper lim
1 16 163 161 166
2 15 166 163 168
3 15 166 163 168
Total 46 165
Table 3
ANOVA for W by Group
Source Sum of Squares | DF | Mean Square | F — ratio | P — value
Between groups 17,1 2 8,94 0,10 0,9027
Within groups 3,58E3 43 83,2
Total (Corr.) 3,59E3 45
Table 4
ANOVA for H by Group
Source Sum of Squares | DF | Mean Square | F — ratio | P — value
Between groups 01,7 2 25,8 0,47 0,6291
Within groups 2,37E3 43 51
Total (Corr.) 2,42E3 45

Systolic and Diastolic Blood Pressure

Visual analysis (Fig. 1) of dynamics of mean values of systolic (Fig. 1 (left)) and

Table 5
Contrasts for SAD and DAD by Group
(Sign * denotes a statistically significant difference.)
Contrast | Sig. | Differ. | &+ Limits Contrast | Sig. | Differ. | £ Limits
1-2 | * | —11,1] 7.2 1-2 | * | 742 5,47
1-3 -1,21 7,2 1-3 * 6,96 5,47
2-3 * 9,87 7,32 2-3 —0,467 5,56

diastolic (Fig. 1 (right)) blood pressure shows that the examined groups differ relatively
to these parameters. The corresponding statistical procedures (ANOVA, Multiple Range
Test) indicate the significance of the observed differences: systolic blood pressure in the
examined from the second group is significantly higher than in other groups. At the same
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Fig. 1. Meauns plot for SAD (left) and DAD (right)

time levels of systolic blood pressure in the first and the third groups are statistically
indistinguishable as seen from the table of contrasts (Table 5).

The same is true for the mean level of diastolic blood pressure for the first examined
group. It is significantly higher than corresponding values in the second and the third
groups which are indistinguishable relatively to this parameter (Fig. 1 (right), Table 5).

1.3. Orthostatic Effect

The distribution of this parameter is not Gaussian, so it is not appropriate to use
the standard technique of analysis of variance. To assess the health group homogeneity
relative to orthostatic effect we used the Kruskal — Wallis test by ranks which made it
possible to find out whether there were significant differences between medians in each of
groups. It turned out that test statistics = 7,29 and p = 0,0261 < 0,05, so we had to
admit the significant difference of orthostatic effect (Table 6) in different groups at 95 %
reliability level. Moreover, the orthostatic effect level in the second group is significantly

Table 6
Kruskal — Wallis Test for Ort by Group

Group | Sample size | Average rank
1 16 17,8
2 15 30,6
3 15 22,5

higher than in the first and the third groups, with insignificant difference between two
last-named groups. The same pattern is seen for the mean values.

1.4. Skibinski’s Index

Adaptation parameters of cardiopulmonary system determined by Skibinski’s index
(lung capacity, heart rate, timed inspiratory capacity) had low and average (10-30 units)
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levels which is normal for people with low motor activity. Mean group values are shown
in Table 7. Mean value for the second group differs from values of the first and the third
groups: it is apparently lower. The results of analysis of variance (Table 8) show that

Table 7
Summary Statistics for Ind — Skib

Group | Count | Average | St. dev | Min | Max

1 16 24,1 6,68 | 15,0 | 38,1
2 15 14,1 2,97 | 9,52 | 20,0
3 15 25,0 732 | 11,6 | 32,6

Total 46 21,1 7,67 1952 38,1

this difference is significant, and the table of contrasts (Table 9) shows that the values of

Table 8
ANOVA for Ind — Skib by Group
Source Sum of Squares | DF | Mean Square | F — ratio | P — value
Between groups 01,7 2 25,8 0,47 0,6291
Within groups 2,37E3 43 51
Total (Corr.) 2,42E3 45

Skibinski’s index in the first and the third groups are statistically indistinguishable.

Table 9

Contrasts for Ind — Skib by Group
1gn enotes a statistically significant difference
Sign * d istically signifi diff

Contrast | Sig. | Differ. | & Limits
1-2 * 7,42 5,47
1-3 * 6,96 5,47
2-3 —0,467 5,56

1.5. Other Parameters

The similar statistical analysis of other parameters including the results of arm
strength dynamometry, stabilometry and ergospirometry showed that the individuals with
abnormalities of different regions of vertebral column had cardiac abnormalities which
required treatment, rehabilitation and prevention. Low levels of motor activity, presence
of xenobiotics, unbalanced diet, excess CO, and environmental pollution cause disorders
of homeostasis in students.
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2. Statistical Analysis of Physical Fitness
2.1. Sprint

The influence of a certain health group affiliation on performance in 100-meter race
was assessed on the basis of one-way ANOVA test (by health group) of the statistical
data with preliminarily stated nice agreement with normal-theory test. Table 10 presents
the summary statistics for groups (left), and Table 11 presents the results of analysis of
variance.

Sprint. Means and 95% LSD Intervals Cross. Means and 95% LSD Intervals
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20 [ ] 2

19 l

18 2.4

17 I

16 2.2

1 2 3 1 2 3
Group Group

Fig. 2. Means plot for Sprint (left) and Cross (right)

Fig. 2 (left) shows the corresponding group means with 95 % confidence interval. As
follows from Table 11, mean values of performance for 100-meter race in the second and
the third groups are statistically indistinguishable, meanwhile the values of the first group
are significantly different.

2.2. Cross

The results of the similar analysis of performance of different groups in 500-1000-meter
cross-country running are presented in Tables 10 (right), 12 and in Fig. 2 (right).

As follows from Table 12, there are no significant (p ~ 0,43 > 0, 05) differences between
health groups relative to cross-country running performance, though there is visually seen
tendency to decrease in physical fitness level with the growth of the group number.

Table 10
Summery stat for Sprint (left) and Cross (right)
Group | Count | Mean | Std. dev. Var Mean | Std. dev. Var

1 16 16,7 1,03 6,16 % 2,38 0,429 18,0 %

2 15 19,0 1,96 10,3 % 2,51 0,416 16,6 %

3 15 | 198 | 201 |102% 259 | 0,495 |19,1 %

Total 46 18,5 2,16 11,7% 2,49 0,446 17,9 %
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2.3.

Table 11
ANOVA for Sprint by Group
Source Sum of Squares | DF | Mean Square | F — ratio | P — value
Between groups 80,7 2 40,4 13,38 0,0000
Within groups 130 43 3,02
Total (Corr.) 210 45
Table 12
ANOVA for Cross by Group
Source Sum of Squares | DF | Mean Square | F — ratio | P — value
Between groups 0,346 2 0,173 0,86 0,4289
Within groups 8,62 43 0,2
Total (Corr.) 8,96 45

Models

The performed study allowed the modelling of performance in 100-meter race general

for representatives of all health groups. After statistical analysis of significance of
predictors, the following variables were determined as significant: heart rate reaction to
orthostatic effect (Ort), general strength endurance parameter (pull-ups and sit-ups) (Pod-
press) and right arm strength dynamometry parameter (F-right). Regression model of
100-meter race performance was found as

Sprint = 29,5 — 0,122 - Ort — 0,0715 - Podyyess — 0,205 - Fligne.

The model predicts about 51% of Sprint parameter variability and indicates statistically
significant influence of predictors on sprint performance as follows from ANOVA table
(Table 13). Correlation between calculated (predicted by model) and observed values

Table 13
ANOVA table for regression model
Source Sum of Squares | DF | Mean Square | F — ratio | P — value
Model 107 3 35,5 14,37 0
Residual 104 42 2,47
Total (Corr.) 210 45

of Sprint variables is presented in Fig. 3. Thus we found out the influence of heart
rate parameters under orthostatic effect (Ort), general strength endurance (Pod-press)
and arm strength dynamometry parameter (F-left) on physical fitness in sprint. At the
same time, it is impossible to design the similar model for cross-country running due
to absence of significant correlation influence of the studied variables on cross-country
running performance.
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Plot of Sprint. Observed (vert.) vs predicted (gor.)
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Fig. 3. Regresion line for Sprint
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CTATUCTUYECKUN AHAJIN3 ®YHKIIMOHAJIBHOTI'O
COCTOAHNA CTYJAEHTOB

B.U. 3aaanun, A.Il. Ucaes, B.B. 9paux, P.A. I'atinyasun

FO:xubiit Ypas onus 3 Haubosee PA3BUTHIX B MPOU3BOIACTBEHHOM OTHONICHUH PETHO-
uoB Poccun. Ou 061a12€T MOIHBIM IPOMBIILIEHHBIM OTEHIUAIOM (METAJIIYPIisl, MAIIU-
HOCTPOEHHE, XUMUYECKas, HedTe00bIBAIONIAs, TOPHOAOOBIBAIONIAS ), YTO CO3/AET PO
CBLIKH Jjis HEOJArONMPUATHBIX TEHICHIIUNA B PA3BUTUHU YKOJOTHIECKON OOCTAHOBKY PErMOHA.
Conep:xanne B aTrMmocdepe coseil Tskeabx Metasios, dperona, COq mpeBbIaeT npeneabHo
JIOTIYCTUMbIE KOHIIeHTpaIuu B 2—4 pa3a. Bce 370 conmpoBOXK IaeTCst TTOBBINIEHHBIM €CTeCTBEH-
HBIM DaJIMOAKTUBHBIM (DOHOM. B 3TUX yC/IOBUSIX HU3KAs ABUTATEIHHAS AKTHBHOCTH TTPUBO-
JIAT K TUITOKCUH U PACITPOCTPAHEHUIO COBOKYHBIX AeOopMaIuil OropHO-ABATATETHHOIO all-
mapara, PeCIIUPATOPHBIX, JKeTYIOIHO-KUITEIHBIX, OHKOJOTHIECKNX, AJIIEPIUIECKUX U JIPY-
rux 3aboneBannuii. Bemeacrre HeOIar0MOMy THOTO SKOJOTHIECKOTO (POHA CYIIECTBEHHO W3-
MEHSIIOTCS TeMOTpaduIecKue MOKA3aTe N, B TOM YUCIIe MPOI0KUTETLHOCTD KIU3HI, KOTO-
pasg COCTABJILET O PECHOHY B CPETHEM 72 rojja, COOTBETCTBEHHO B MYXKCKOM MOMYJISAIHA —
60, a B >keHCKOM — 75 ster. B HacTosmeit pabore HCCaea0BAIOCH BIUSIHAE OCHOBHBIX aHTPO-

IIOMETPUYECKUX U (PU3NOJIOIUIECKUX [IOKA3ATesell KUTesell PErmoHa, DPAHKUPOBAHHBIX
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B COOTBETCTBUU C OCODEHHOCTSIMH COCTOSHUS 3J0DOBbS M JBUTCATETHHON AKTHBHOCTH HA
TPy Ipynibl (T.H. UPYIIBL 340POBbs ), HA UX DU3UYECKYIO LHOAIOTOBIEHHOCTb. ColpanbHo-
OMOJIOTUYIECKUI U MEIUIIMHCKUN aCIIeKT UCCIeIOBAHNS — BhISBIEHNE B3aANMOCBs3eil moKas3ar-
Teseil y 00C/IeIyeMbIX B PA3IHYHBIX TPYIIAX — TAKKe MPEICTABISET OIPeIe/IeHHbBII MHTEpeC
C TOYKW 3PEHUsI ONTUMUBANNY TPAKTUKN (PUINIECKOTO BOCIUTAHUS U MOBBIMIEHUST YPOBHS
3/10pOBb4A CTYJIEHTOB.

Katouesnte cro6a: cmamucmudeckut GHAAUS; GHMPONOMEMPUA; CePIeHO-COCYIUCTNAA

cucmema; undexc Crubunckot; opmonpoba; modenu.
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