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Abstract

The purpose of the study was to determine the age-related peculiarities of the functional state of the cardiovascular
and respiratory systems of 1*-5" year female students of a higher education institution.

Materials and methods. The study participants were 200 female students: 1* year (n = 44); 2™ year (n = 38); 3" year
(n =42); 4" year (n = 44); 5" year (n = 32). To solve the tasks set, the following research methods were used: analysis
of scientific-methodological and medical literature, pedagogical observation, index method, medical and biological
methods, ascertaining experiment, and methods of mathematical statistics.

Results. The study found that at the age of 19 there is a significant deterioration in the results of breathhold in the
Stange test (49 s) and the Genchi test (38 s) (P < 0.05). At the age of 21, there is a decrease in the Ruffier index (12.4 -
“satisfactory”) and the average heart rate after exercise (f, = 34.7), while there is a decrease in heart rate (f, = 25.8)
after a standard recovery pause (P < 0.05). This indicates that during this period, there occur the most successful
compensatory processes of cardiovascular activity. At 21-22 (4"-5" years of study), there is an increase in heart rate
before exercise (f,), and the Stange test result improves.

Conclusions. The results of comparative analysis show that with age the number of female students with a
“satisfactory” result of the Ruffier index increases (59.4%), and a “good” heart result decreases (15.6%). At the age of 21,
women have better heart rate, and at 22, they have better results in breath-holding under hypoxia.
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disease. Thus, the study of the peculiarities of dynamics of the
functional fitness of female students aged 18-22 is relevant.

The purpose of the study was to determine the age-related
peculiarities of the functional state of the cardiovascular and
respiratory systems of 1st-5th year female students of a high-
er education institution.

Materials and methods

Study participants

The study participants were 200 female students: 1st year
(n = 44); 2nd year (n = 38); 3rd year (n = 42); 4th year (n =
44); 5th year (n = 32) of Donbas State Engineering Academy,
Kramatorsk. All the students participated in physical activity
twice a week.

Organization of the study

To solve the tasks set, the following research methods
were used: analysis of scientific-methodological and medical
literature, pedagogical observation, index method, medical
and biological methods, ascertaining experiment, and meth-
ods of mathematical statistics.

The program of functional state testing included the
Ruffier index, the Stange test, and the Genchi test given in
Tables 1, 2 (Romanenko, 1999; Dubrovskij, 2005).

Testing procedure

Ruffier index. The test was used to assess the cardiovascu-
lar system activity. Equipment required. Stopwatch.

Test description. On command, the participant, after 5
minutes of sitting calmly, counts the number of pulses for
15 seconds, then performs 30 squats for 45 seconds. Imme-
diately after squatting, the pulse is measured for the first 15
seconds and the last 15 seconds from the first minute of the
recovery period.

The testing result is the Ruffier index (RI), which is cal-
culated by the formula: IR = (4(f, + f, + f,) —200)/10, where
f, is the heart rate before the load for 15 s; f, is the heart rate
after the load; f, is the heart rate for the last 15 s from the first
minute of recovery.

The cardiovascular system activity was assessed accord-
ing to the index.

The Ruffier index is less than 0 - athletic heart;

0.1-5 - excellent (very good heart);

5.1-10 - good (good heart);

10.1-15-satisfactory (heart with moderate insufficiency);

15.1-20 - bad (heart with significant insufficiency).

General instructions and remarks. When measuring the
pulse, the student places 2-4 fingers on the inside of her left
hand near the thumb and gently presses the artery to the bone
or places her hand on the carotid artery (it is comfortable to
do this on the right side). Upon the instructor’s command
and simultaneous start of the stopwatch, the counting begins
for 15 seconds with further recalculation for 1 minute.

Stange test (voluntary inspiratory breathhold). The test
was used to assess the respiratory system activity.

Equipment required. Stopwatch. The participant stands
and does several deep breathing cycles. After a full inhale,
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she closes her mouth (tightly closes her lips) and pinches the
wings of her nose with the thumb and index finger. The stop-
watch determines the time from the moment of breathhold to
its recovery. The respiratory system activity was assessed by
the indicator of breathhold duration:

more than 90 s - excellent;

from 60 to 90 s — good;

from 30 to 60 s - satisfactory;

less than 30 s — bad (unsatisfactory).

Genchi test (expiratory breathhold). The test was used to
assess the respiratory system activity. After several breathing
cycles, the subject fully exhales, closes her mouth and pinches
her nose with her fingers. The stopwatch records the time of
breathhold. The respiratory system activity was assessed by
the indicator of breathhold duration:

more than 50 s - excellent;

from 35 to 50 s — good;

from 20 to 35 s - satisfactory;

less than 20 s — bad (unsatisfactory).

Statistical analysis

The study results were processed using the method of
mathematical statistics. The study calculated: arithmetic
mean (x), error in calculating the arithmetic mean (s); sig-
nificance of difference between means (t). The significance
of difference between statistical indicators (t) was evaluated
using the Student’s t-test.

Results

Table 1 shows the results of analysis of the cardiovascular
and respiratory systems of the 1st-5th year female students.
As a result of comparison of the indicators of heart rate and
breathhold tests, the study determined average indicators
characterizing the peculiarities of the cardiovascular and res-
piratory systems in women aged 18-22 years.

At 19, there is a significant deterioration in the results of
breathhold in the Stange test (49 s) and the Genchi test (38
s) (P <0.05). The Ruffier index, heart rate indicators 0, {1, {2
do not change.

At the age of 19-20 (2nd-3rd years of study), no changes
are observed in all indicators.

At the age of 21, there is a decrease in the Ruffier index
(12.4 - “satisfactory”) and the average heart rate after exercise
(f1 = 34.7), while there is a decrease in heart rate (f2 = 25.8)
after a standard recovery pause (P < 0.05). This indicates that
during this period there occur the most successful compen-
satory processes of cardiovascular activity.

At 21-22 (4th-5th years of study), there is an increase in
heart rate before exercise (f0) and improvement in the indi-
cators of the Stange test. The Ruffier index, the number of
pulses after exercise, the heart rate recovery response, and the
Genchi test do not change. This indicates that with age there
are characteristic signs of heterochrony and sensitivity of the
functional state of the female body.

The obtained Ruffier index and the results of compara-
tive analysis of the functional fitness for cardiovascular as-
sessment show that with age the number of female students
with a “satisfactory” Ruffier index increases (59.4%), and a
“good” heart indicator decreases (15.6%).
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Table 1. Results of testing of the functional fitness of 19-5" year female students

1% year 2" year 3 year 4t year 5% year
No. Test (n =44) (n =38) (n =42) (n=44) (n=32) t, too ot t.
X s X s X s X s X s
1 Ruffier index 12.59 0.57 13.62 0.84 1491 0.80 12.44 0.66 13.33 0.79 1.02 1.11 239 0.90
2 fo 20.61 326 21.11 543  21.69 0.87  20.52 0.49 22.70 0.68 049 047 0.17 2.68
3 f 34.41 534 3574 6.42 37.81 1.35  34.73 1.23  35.90 098 1.01 121 247 0.99
4 f, 26.45 391 2721 4.79  27.79 0.93 25.84 0.61 24.80 0.89 0.78 047 1.75 1.08
5 Stange test (s) 57.19 1597 48.79 1792 50.90 2.58 47.50 2.39 5410 1.88 222 054 097 178
6 Genchi test (s) 4553 12.66 3755 13.78 13.76 1.80  40.80 2.63  37.90 1.21 271 028 1.25 0.79
Table 2. Ruflier index indicators of 1st-5th year female students
1% year 2" year 3 year 4t year 5t year
No. State of the cardiovascular system, % (18 years) (19 years) (20 years) (21 years) (22 years)
(n=44) (n=38) (n=42) (n=44) (n=32)
1 “bad” - significant heart insufficiency 27.3 36.8 40.5 22.7 25
2 “satisfactory” - moderate heart insufficiency 50.0 31.6 45.2 50.0 59.4
3 “good” - good heart 20.5 28.9 14.3 22.7 15.6
5 “excellent” - athletic heart 2.2 2.7 0 4.6 0

Discussion

The study assumed that the dynamics of the functional
state of the cardiovascular and respiratory systems in women
aged 18-22 years has its peculiarities. It was found that with
age the number of female students with a “satisfactory” Ruffi-
er index increases (59.4%), and a “good” heart result decreas-
es (15.6%). The age of 19-20 is problematic in the functional
fitness of women’s cardiovascular and respiratory systems.

The obtained data confirm that the third year is a prob-
lematic period in physical education of students (Chernenko,
Iermakov, Oliinyk, & Dolynnyi, 2018; Chernenko, Jagiello,
Ivashchenko, Khudolii, & Pashkevich, 2021).

Decreased indicators of the functional fitness of the car-
diovascular and respiratory systems in women aged 19-20
testify to insufficient physical load in the process of physi-
cal education of students and complement the data on the
need for additional introduction of more intensive forms of
training to the system of physical education of students (So-
lohubova et al., 2020; Amin et al., 2019; Choi et al., 2021),
and on the importance of motor activity in the educational
process of students (Lynch & Sargent, 2020; Tohmea et al.,
2020; Hovey et al., 2020).

The obtained data point to prognostic significance of
heart rate and a tendency towards an increase in resting heart
rate of students (1st-5th years of study), which confirms the
study on the influence of resting heart rate on deterioration
of the functional fitness of the human cardiovascular system
(Baevskii, 1979; Amosov, & Bendet, 1989).

Thus, the Ruffier index, the Stange test, and the Genchi
test can be used to assess the functional fitness of 1st-5th year
female students.

Conclusions

The results of comparative analysis show that with age
the number of female students with a “satisfactory” result of
the Ruffier index increases (59.4%), and a “good” heart result
decreases (15.6%). The age of 19-20 is problematic in the

functional fitness of women’s cardiovascular and respiratory
systems.

Decreased indicators of the functional fitness of the car-
diovascular and respiratory systems in women aged 19-20
testify to insufficient physical load, their low motor activity
and point to the need for additional introduction of more
intensive forms of training to the system of physical educa-
tion of students.

The Ruffier index, the Stange test, and the Genchi test can
be used to assess the functional fitness of 1st-5th year female
students.
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BM/IMB ®I3M4HOrO0 BUXOBAHHA HA OCOBJINBOCTI
®YHKUIOHANIbHOIO CTAHY CEPLEBO-CYAUHHOI TA
AVUXAJIbHOI CUCTEMW CTYAEHTOK 18-22 POKIB

Cepriit YepHenko'*®“P, PagocnaB Myuikera
Oner lonuapenko 'AB¢P

'Ilonbacpka fepaBHa MAIIMHOOY/iBHA aKageMis
*YuiBepcurer Mukonu Konepunka

2ACD FOpiit Jonuuauit AP, Oner OmiltHuK

1ABCD
b

ABTOpPCHKNMII BK/IAJ: A — Iu3aiiH gocmipkeHHs; B — 36ip ganux; C - crataHanis; D - migroroska pykomcy; E — 36ip kowtis

Pedepar. Crarps: 5 c., 2 Tabn., 23 mxepena.

Merta JOCHiIKEeHHA — BU3HAYUTH BIKOBI 0COOMMBOCTI
(’pyHKuiOHaanoro CTaHy CepleBO-CY/IMHHOI Ta JUXa/IbHOI CHC-
TeMI CTY/IeHTOK 1-5 KypciB BUIIIOI KON,

Marepian i meTogu. Y nociifikeHHi B3 y4actb 200 cTy-
HeHTOK: 1-ro Kypcy (n = 44); 2-ro kypcy (n = 38); 3-ro Kypcy
(n = 42); 4-ro kypcy (n = 44); 5-ro xypcy (n = 32). nst Bu-
pillleHHs TOCTABJIEHNUX 3aBJjaHb Oy/IM 3aCTOCOBAHI HACTYIHI
METOJM JOCIi/I)KEHHA: aHa/li3 HAyKOBO-METO[MYHOI Ta MeJuy-
HOI JIiTepaTypu, Ielaroriyie CroCTEPEKEHH, METO iHEeKCiB,
MegMKO-6iooriyni MeTonu, KOHCTaTyI04Mii eKCIIEPUMEHT Ta
METOIY MaTeMaTUYHOI CTaTUCTUKI.

PesynpraTi. Y nociimkeHHi BCTaHOBIEHO, 10 Y 19 pokiB
CIIOCTEPIra€ThCA 3HA4YHE IOTiPLUIEHHA Pe3yAbTaTiB 3aTPUMKU
puxanHs npo6u Ulranre (49 c) Ta Tenve (38 ¢) (P < 0,05). Y Biui
21 pik BiOyBaerbcs 3meHeHHs iHekcy Pyd’e (12,4 - «3apmo-
BiIbHO») Ta CEpeHbOTO 3HAYEeHH A ITY/IbCY IMiC/IA HABaHTKEHHA

(f, = 34,7), OIHOYACHO CIIOCTEPIraeThCA 3MEHIIEHHS CePIIeBUX
CKOpPO4Y€EHb (f2 = 25,8) micis cTaHmapTHOI Iay3yu BiXHOB/ICHHS
(P <0,05). Ile BKasye, 1110 y Lieif mepiof; HAOIIbII YCIILIHO Bij-
OyBaIOTHCsI KOMIIEHCATOPHI IPOL[eCH CepIieBO-CY/AMHHOI isi/Ib-
HOCTi. Y 21-22 poxu (4-5 Kypc) IPOCTEXYETbCA 30i/IbIIEHHA
yAapiB My/TbCy 10 HaBaHTaXKeHHS (f,), TOKPATTYEThCS TOKA3HIK
npo6u lranre.

BucHoBKM. 32 pesynbTaTaMi IOPiBHANBHOTO aHAI3Y CIIO-
cTepiraerbcs 3 BIKOM 30i/IbIIEHHS Ki/IBKOCTI CTY/IEHTOK 3 pe-
3y/IBTATOM OLIiHIOBAaHHs iHfieKCy Pyd’e «3apoBinmbHO» (59,4%),
a TAKOXX 3MEHIIYETHCS MOKAa3HUK «gobpe» cepue (15,6%). YV
21 pik XiHKM IeMOHCTPYIOTh Kpamii mokasHuky YCC, a y 22
POKM MAIOTh Kpallli pe3yIbTaTy y 3aTPUMILi IMXaHHA B YMOBaX
TinoKcii.

Kirouosi cmoBa: xinkuy, ingexc Pyd’e, yacrora ceprieBux
CKOpOUYeHb, npoba lltanre, lendi.
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