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DANE O KANDYDACIE

Data uzyskania tytutu magistra: 15.03.2010 r.

Nazwa jednostki organizacyjnej, w ktorej nadany zostat tytut: Wydziat Wychowania Fizycz-
nego, Sportu i Rehabilitacji Akademii Wychowania Fizycznego im. Eugeniusza Piasec-
kiego w Poznaniu.

Kandydat nie ubiegat sie uprzednio o nadanie stopnia doktora.

Aktualne miejsce pracy: Zaktad Ptywania i Ratownictwa Wodnego, Akademia Wychowania
Fizycznego im. Eugeniusza Piaseckiego w Poznaniu.

Zajmowane stanowiska: od 1.03.2014 r. - instruktor.
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WYKAZ SKROTOW I SYMBOLI

A - predko$¢ naptywu péznorozkurczowego przez zastawke mitralng
ALT - aminotransferaza alaninowa

ATP - adenozynotréjfosforan - gtdbwny nosnik energii w komérkach
BMI - wskaznik masy ciata

CETP - biatko przenoszace estry cholesterolu

CHD - choroby uktadu krazenia

CRP - biatko C-reaktywne

DBP - rozkurczowe ci$nienie krwi

E - predko$¢ naptywu wczesnorozkurczowego przez zastawke mitralng
E’ - predko$¢ wczesnorozkurczowa pierscienia mitralnego

eGFR - wskaznik filtracji ktebuszkowej

ERV - objetos¢ dodatkowa wydechowa

ES - wielkos$¢ efektu, miara uzupeiniajgca wnioskowanie statystyczne
FEV - natezona pierwszosekundowa objetos¢ wydechowa

FM - masa tkanki ttuszczowej

FVC - natezona pojemnos$c¢ zyciowa

FVC/VC - stosunek natezonej pojemnosci zyciowej do pojemnosci zyciowej
HCT - hematokryt

HDL-C - cholesterol z lipoproteinami o duzej gestosci

HGB - hemoglobina

HLA - lipaza watrobowa

HR - czestos$¢ skurczéw serca

HRR - regeneracja tetna

IRV - objetos¢ dodatkowa wdechowa

LCAT - acylotransferaza lecytynowo-cholesterolowa

LDL-C - cholesterol z lipoproteinami o matej gestosci

LMR - stosunek limfocytéw do monocytow

LPLA - lipaza lipoproteinowa

LVEF - niska frakcja wyrzutowa lewej komory

MEF,,, MEF, , MEF. , - wskazniki przeptywowe, ktore pozwalajg na ocene przeptywu powie-

25’ 50’
trza w drobnych oskrzelach; podawane w litrach na sekunde
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MET - ekwiwalent metaboliczny

MM - masa mie$niowa

MVV - maksymalna dowolna wentylacja

NLR - iloraz liczby granulocytéw obojetnochtonnych i limfocytow

NSTEMI non-ST - zawat mie$nia sercowego bez uniesienia odcinka ST
NT-proBNP - konicowy fragment tancucha propeptydu natriuretycznego typu B
NW - nordic walking ze zwyktymi kijkami

NW z RSA - nordic walking z kijkami z elementem oporowym

Pa0, - ci$nienie parcjalne O, w krwi tetniczej

PEF - maksymalna predko$¢ przeptywu powietrza osiggnieta podczas maksymalnego
wydechu

PEF - szczytowy przeptyw oddechowy

PLT - liczba ptytek krwi

PRL - stosunek ptytek krwi do limfocytow

RBC - liczba erytrocytow

RDW-CV - wspétczynnik zmiennosci rozpietosci rozktadu srednicy krwinek czerwonych
RDW-SD - odchylenie standardowe rozpietosci rozktadu $rednicy krwinek czerwonych
Rf - czesto$¢ oddechow

RV - objetos¢ zalegajaca — objeto$¢ powietrza, ktéra pozostaje w ptucach po wykonaniu
maksymalnego wydechu

SBP - skurczowe ci$nienie krwi
SD - odchylenie standardowe

TC - cholesterol catkowity

TG - troéjglicerydy

VAI - wskaznik otytoSci trzewnej
VC - pojemno$¢ zyciowa ptuc
VFA - obszar ttuszczu trzewnego
VO, . - putap tlenowy

VT - objetos¢ oddechowa

WBC - liczba leukocytéow

WC - obwdd talii

WHO (ang. World Health Organization) - Swiatowa Organizacja Zdrowia

WHR - wskaznik oznaczajgcy stosunek obwodu talii do obwodu bioder
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STRESZCZENIE

Wprowadzenie. Fizjologiczno-anatomiczne zmiany zachodzgce w organizmie w wyniku
naturalnego procesu starzenia sie doprowadzajg do wyczerpania rezerw fizjologicznych
w obrebie wielu uktadéw oraz struktur. Stan taki wptywa na zwiekszong podatno$¢ oséb
starszych na zmiany chorobowe, a obserwowany spadek zdolnosci wysitkowych prze-
jawia sie szybkim rozwojem zmian zmeczeniowych i ograniczeniem aktywnosci wysit-
kowej. U kobiet spadek wydzielania hormonéw ptciowych zmniejsza ich dziatanie kar-
dioprotekcyjne i powoduje wzrost ryzyka wystgpienia chor6b uktadu krazenia (CHD)
w catym okresie okotomenopauzalnym niezaleznie od zmian zwigzanych z wiekiem. Dla-
tego istnieje potrzeba opracowania skutecznych metod profilaktycznych, uwzgledniaja-
cych aktywno$¢ fizyczna, majacych na celu zmniejszenie liczby czynnikéw kardiometabo-
licznych, a tym samym ograniczenie zdarzen sercowo-naczyniowych u kobiet w okresie
okotomenopauzalnym i péZniejszym.

Material i metody badawcze. Badania przeprowadzone zostatly na 30 kobietach w wie-
ku okotomenopauzalnym oraz 62 w wieku postmenopauzalnym. Testy diagnostyczne
wykonano dwukrotnie, tj. przed interwencjg terapeutyczng oraz po jej ukonczeniu. Prze-
prowadzono badania antropometryczne, oznaczono poziom wydolnos$ci kragzeniowo-od-
dechowej, wykonano przezklatkowa echokardiografie spoczynkowg oraz badania spiro-
metryczne. Badanym zostata pobrana krew zylna celem oznaczenia morfologii oraz profilu
lipidowego. Interwencja terapeutyczna obejmowata: 8-tygodniowy program treningowy
nordic walkingu (NW) oraz nordic walkingu z elementem oporowym (NW z RSA), taczacy
trening aerobowy i sitowy; 12-tygodniowy program treningowy aqua aerobiku (2 x tyg.)
dla kobiet w okresie postmenopauzalnym oraz jeden dtuzszy, trwajacy 6 miesiecy pro-
gram aqua aerobiku (1 x tyg.) dla kobiet w okresie okotomenopauzalnym. Uzyskane wyni-
ki poddano analizie statystycznej z wykorzystaniem systemu oprogramowania do analizy
danych Dell Statistica (wersja 13, Dell Inc., Round Rock, TX, USA).

Wyniki. Dwunastotygodniowy program treningowy aqua aerobiku spowodowat istotny
wzrost warto$ci putapu tlenowego (VO, _ ) tylko w grupie badanej (p < 0,05). Nie zaob-
serwowano istotnych zmian wskaznikéw spirometrycznych w zadnej z badanych grup.
Analiza statystyczna potreningowych zmian parametréw pomiedzy grupami w badaniu
opartym na ocenie wptywu réznych form treningu marszowego (NW oraz NW z RSA) wy-
kazata istotng réznice w zmianie masy ciala (A masy ciata) (p < 0,05; ES: 0,778), BMI
(ABMI) (p < 0,05; ES: 0,778), obwodu talii (AWC) (p < 0,05; ES: 1,225) i odchylenia stan-
dardowego rozpietosci rozktadu srednicy krwinek czerwonych (ARDW-SD) (p < 0,05;
ES: 1,215). Nie stwierdzono natomiast zmian w parametrach elektrokardiograficznych
i spirometrycznych pomiedzy badanymi grupami realizujgcymi dwie formy treningu mar-
szowego. Program treningowy aqua aerobiku o mniejszej czestotliwosci zajec i dtuzszym
czasie trwania (6 miesiecy) spowodowat istotne obnizenie wskaznika WHR (stosunek ob-
wodu talii do obwodu bioder) (p < 0,05; ES: 2,143), rozkurczowego ci$nienia krwi (DBP)
(p<0,05; ES: 1,005) i stosunku ptytek krwi do limfocytéow (PRL) (p < 0,05; ES: 0,460) oraz
wzrost stezenia hemoglobiny (HGB) (p < 0,05; ES: 0,643).
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WhiosKi. Realizowany w projekcie 12-tygodniowy program treningowy aqua aerobiku
dla kobiet zdrowych po menopauzie nie przyczynit sie do poprawy badanych wskazni-
kéw spirometrycznych, a uzyskany VO,  spowodowany byt najprawdopodobniej po-
prawa zdolnos$ci kragzeniowych i metabolicznych determinujgcych mozliwosci wysitkowe
badanych. Z kolei dtuzszy program treningowy aqua aerobiku (6-miesieczny) dla kobiet
w okresie okotomenopauzalnym doprowadzit do obnizZenia ryzyka wystapienia choréb
uktadu krazenia nawet przy zastosowaniu wysitku fizycznego o matej czestotliwos$ci. Na
podstawie wynikdw badania dotyczacego skutecznos$ci réznych form 8-tygodniowego tre-
ningu marszowego mozna zatozy¢, ze ¢wiczenia wytrzymatoSciowe z oporem s w stanie
znaczgco zmniejszy¢ nasilenie oraz ryzyko wystapienia choréb uktadu krazenia. Kliniczna
analiza poziomow RDW-CV wraz z innymi parametrami kardiologicznymi i biochemiczny-
mi moze dostarczy¢ praktycznych informacji prognostycznych dotyczacych ryzyka wysta-
pienia choréb uktadu krazenia, efektéw leczenia czy $miertelnosci.
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ABSTRACT

Introduction. The physiological and anatomical changes taking place in the body as
a result of the natural processes of aging lead to the exhaustion of physiological reserves
within a number of systems and structures. This state results in seniors’ increased suscep-
tibility to pathological changes. Furthermore, the visible decrease in exercise capacity ma-
nifests itself by a rapid development of tiredness, thus limiting activeness during exercise.
The decrease of sex hormones among women reduces their cardioprotective properties
and leads to an increased risk of circulatory system diseases (CHD) during the entire pe-
rimenopausal period regardless of the age-related changes. That is why there is a strong
need to develop effective methods of prevention, taking into account physical activity,
aiming to decrease the number of cardiometabolic factors and, at the same time, limit the
number of cardiovascular events among women in the peri- and postmenopausal period.

Material and methods. The research was conducted on the group of women: 30 in the
perimenopausal age and 62 in the postmenopausal age. The diagnostic tests were conduc-
ted twice: before and after the therapeutic intervention. The tests included: an anthropo-
metric test, the level of cardiorespiratory fitness, transthoracic resting echocardiography
and spirometry. The respondents had their venous blood taken in order to test their com-
plete blood count as well as the lipid profile. The therapeutic intervention comprised an
8-week Nordic walking (NW) training program, NW training with poles with an integrated
resistance shock absorber (NW with RSA) which allows to combine aerobic with strength
training as well as a 12-week aqua aerobic training program (twice a week) for women
in the postmenopausal period and 6-month aqua aerobic training (longer training once
a week) for women in the perimenopausal period. The results were statistically analyzed
with the use of Dell Statistica (version 13, Dell Inc., Round Rock, TX, USA).

Results. The 12-week aqua aerobic training program resulted in a significant increase
in maximum oxygen consumption (VO, ) in the group analyzed (p < 0.05). Yet no si-
gnificant changes in spirometry indicators have been observed. The statistical analysis
of the parameters tested between groups under study based on the evaluation of the in-
fluence of different forms of walking training (NW and NW combined with RSA) showed
a significant change in body weight (A body weight) (p < 0.05; ES: 0.778), BMI (ABMI)
(p < 0.05; ES: 0.778), waist circumference (AWC) (p < 0.05; ES: 1.225) and value of red
blood cell distribution width (ARDW-SD) (p < 0.05; ES:1.215). However, when it comes to
electrocardiographic and spirometry parameters, no changes have been noticed between
groups undergoing 2 types of walking training. The research group which participated in
the aqua aerobic training program of lower frequency, but longer duration (6 months) de-
monstrated a significant decrease in waist-hip ratio (WHR) (p < 0.05; ES: 2.143), diastolic
blood pressure (DBP) (p < 0.05; ES: 1.005) and quantity ratio of platelets to lymphocytes
(PRL) (p < 0.05; ES: 0.460) as well as an increase in hemoglobin concentration (HGB)
(p < 0.05; ES: 0.643).

Conclusions. To conclude, the 12-week aqua aerobic training program for healthy post-
menopausal women did not contribute to the improvement of their spirometry results.
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At the same time, the obtained increase in VO, _ was probably the result of the impro-
vement of circulatory and metabolic capacities determining the exercise capacity of the
participants. In turn, the 6-month aqua aerobic training program for women in the peri-
menopausal period decreased the risk of cardiovascular diseases, even though this was
physical exercise of small frequency, but longer duration. Based on the results of the study
on the effectiveness of different forms of walking training which lasted 8 weeks, one may
conclude that endurance exercise with resistance may significantly decrease the severity
and risk of cardiovascular diseases. The clinical analysis of RDW-CV levels together with
other cardiovascular and biochemical parameters may provide us with practical progno-
stic information about the risk of cardiovascular diseases, the effect of different types of
medical treatment and mortality.
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1. WPROWADZENIE

Zdrowie nalezy do najwazniejszych elementéw jakosci zycia, zwtaszcza u os6b w starszym
wieku. Pogarszajaca sie sprawnos¢ fizyczna oraz gorszy stan zdrowia to jedne z najbardziej
istotnych probleméw uniemozliwiajacych sprawne funkcjonowanie. Dlatego utrzymanie
dobrego zdrowia oraz sprawnosci jest gtbwnym celem podejmowania przez osoby starsze
réznego rodzaju aktywnosci fizycznej (Ji-Hyeon i Do-Yeon 2018). W okresie starzenia sie
dochodzi do wyczerpania rezerw fizjologicznych w obrebie wielu uktadéw, co prowadzi do
zwiekszonej podatnosci oséb starszych na zmiany chorobowe. Ponadto ubytek rezerw fizjo-
logicznych powoduje spadek zdolnosci wysitkowych oraz szybki rozwo6j zmian zmeczenio-
wych, skutkujacych ograniczeniem aktywnos$ci wysitkowej i dalszym zmniejszaniem sie
posiadanych rezerw. Menopauza jest istotnym wydarzeniem dla kobiet w $rednim wieku
i oznacza koniec ich zycia reprodukcyjnego. Na calym Swiecie naturalna menopauza wy-
stepuje u kobiet w wieku od 45 do 55 lat (WHO 1996). Okres okotomenopauzalny moze
trwac od 5 do 10 lat i sktada sie z okresu perimenopauzalnego, trwajgcego przecietnie
do 4 lat przed zanikiem miesigczki, okresu menopauzy oraz okresu postmenopauzalnego
(Molvarec i Czegle 2022). Pod koniec okresu postmenopauzalnego spada poziom wydzie-
lanego estrogenu, co skutkuje pojawieniem sie szerokiego spektrum dolegliwosci zaréw-
no w zdrowiu fizycznym, jak i psychicznym. Wraz z wydtuzeniem przecietnego czasu zycia
kobiety spedzaja znaczng jego cze$¢ w stanach pomenopauzalnych. W 1990 r. na $wiecie
zyto okoto 467 milionéw kobiet po menopauzie, a prognozuje sie, ze do 2030 r. liczba ta
wzro$nie do 1,2 miliarda (WHO 1996).

Wiek wystgpienia menopauzy ma istotne implikacje kliniczne; wczesna menopauza
wigze sie ze zwiekszonym ryzykiem wystgpienia choréb uktadu krazenia i osteoporozy,
a op6zniona menopauza - raka gruczotu piersiowego i raka endometrium (Hidayet i in.
1999). Na ograniczenie sprawnosci kragzeniowo-oddechowej kobiet w tym okresie niewat-
pliwie ma wpltyw zwigzana z wiekiem mozliwo$¢ napetniania lewej komory serca, przerost
lewego przedsionka, przedtuzony skurcz i rozluznienie lewej komory serca, zmniejszona
odpowiedz ino-, chrono- i batmotropowa na stymulacje B-adrenergiczng. Rowniez wydol-
no$¢ oddechowa jako jeden z czynnikéw warunkujacych sprawne zaopatrzenie mies$ni
w tlen podlega procesowi starzenia sie. Etap ten ma rdzng indywidualng dynamike oraz
skutki zdrowotne; zalezy od wielu czynnikow, ktorych cztowiek nie zawsze jest w stanie
kontrolowaé¢. W obrebie uktadu oddechowego obserwujemy zmniejszenie wskaznikéw na-
tezonej objetosci wydechowej pierwszosekundowej (FEV,) i natezonej pojemnosci zyciowej
ptuc (FVC), sity mie$ni oddechowych i zwiekszenie objetosSci zalegajacej (RV). Szczytowy
przeptyw oddechowy (PEF) obniza sie po 45. roku zycia u kobiet (niepalacych) o ok. 2,5 ml/
rok. W przedziale wiekowym 40-49 lat FEV, zmniejsza si¢ $rednio o 17,7 +1,4 ml/rok,
a w przedziale wiekowym 60-79 lat o 37,1 +2,1 ml/rok (Rossi i in. 1996). W starszym
wieku metaboliczny koszt pracy oddechowej wzrasta zaréwno w spoczynku, jak i podczas
wysitku. Zwieksza to zuzycie tlenu przy ograniczonej mozliwosci jego dostarczania w proce-
sie starzenia sie ptuc, powoduje niejednokrotnie szybkie odczucie dusznosci przy niewiel-
kim obcigzeniu wysitkowym. U 0séb o wysokim poziomie wydolnosci fizycznej moment ten
przesuniety jest w kierunku wyzszych obcigzen wysitkowych (Rossi i in. 1996).

Z wiekiem obnizeniu ulega ci$nienie parcjalne tlenu we krwi (Pa0,), zgodnie ze sche-
matem 100 - (0,32 x wiek), na skutek niedopasowania wentylacji ptuc do perfuzji w peche-
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rzykach ptucnych. Ograniczona zdolnos$¢ do wykorzystania tlenu przez organizm spowo-
dowana jest rowniez zwigzang z wiekiem obnizong wydajnoscia szpiku kostnego i anemiag
starcza. Sarkopenia oraz obniZenie potencjatu mitochondrialnego miesnia doprowadzaja
do ubytku sity i wytrzymato$ci mieSniowej. Obnizona zdolno$¢ poboru i wykorzystania
tlenu zar6wno w warunkach spoczynkowych, jak i podczas aktywnoSci fizycznej skutkuje
zaburzeniem efektywnoS$ci tlenowych mechanizméw energetyki miesniowej z nasileniem
niekorzystnych skutkéw beztlenowych mechanizméw resyntezy ATP. Mechanizm niedo-
tlenienia, ze wzgledu na znaczny wpltyw na procesy metaboliczne organizmu oraz dtugos¢
Zycia, jest przedmiotem zainteresowan wielu badaczy. Zwigzane z naturalnym procesem
starzenia zmiany ulegaja kumulacji i prowadza do dysfunkcji i niewydolnos$ci na poziomie
komorkowym i tkankowym.

Do czynnikéw prognostycznych ztego rokowania w chorobach serca zaliczane sg m.in.:
niska frakcja wyrzutowa lewej komory (LVEF), tachykardia, nadci$nienie, niska warto$¢
putapu tlenowego (VO, ), wiek, uszkodzenie mig$nia sercowego o etiologii niedokrwien-
nej, wysokie stezenie N-koncowego propeptydu natriuretycznego typu B (NT-proBNP)
w surowicy krwi, niewydolno$¢ nerek, cukrzyca, anemia (Makhou i in. 2013; Y¢as 2017).
W ostatnich latach zwraca sie takze uwage na warto$¢ rokownicza szerokosci rozkta-
du wielkos$ci krwinek czerwonych (RDW-CV) w ocenie ryzyka zmian chorobowych (Ka-
lemci i in. 2018). Im wieksza anizocytoza (ré6znorodnos$¢ krwinek czerwonych pod wzgle-
dem wielko$ci), tym wyzsze RDW-CV. Niezalezni autorzy potwierdzili niekorzystne
znaczenie rokownicze RDW-CV jako samodzielnego czynnika badZ w korelacji z innymi
parametrami w przebiegu niewydolnosci serca (Astrand i Ryhming 1954; Gillett 1993;
Laszlo 2006), chorobie wienicowej (Lang i in. 2006; Pereira i in. 1992), w zawale mie$nia
sercowego (Cohen 1988; Veeranna i in. 2013). Wsp6tczynnik RDW-CV byt takze uzywany
do monitorowania przebiegu udaru niedokrwiennego mézgu (Motaiin. 2013; Rondanelli
iin. 2020), przewlektej obturacyjnej choroby ptuc (Dunbariin. 2018; Loprinziiin. 2015)
i niewydolnoSci nerek (Ghaffari 2008; Lippi i in. 2008; van der Putten i in. 2008). W wy-
mienionych chorobach wzrost wartosci RDW-CV powyzej 14,5% wiazat sie z niekorzyst-
nym rokowaniem. W badaniach klinicznych wykazano jego wysoka korelacje z wiekiem
pacjenta i jego ptcig. Nasilona anizocytoza spotykana jest czeSciej u osob starszych, gtow-
nie u kobiet.

Wyniki wielu badan prospektywnych i retrospektywnych wskazuja na duzy wptyw
zmienionej wielko$ci erytrocytéw na nasilenie choréb sercowo-naczyniowych spowodo-
wanych zmiang przeptywu krwi przez naczynia krwiono$ne. Zmiany te nasilaja sie u os6b
otytych z zaburzeniami lipidowymi. Ananthaseshan i in. wykazali w badaniach, ze zmiany
przeptywu krwi spowodowane anizocytozg krwinek czerwonych prowadza do interakcji
miedzy elementami morfotycznymi a Srédbtonkiem naczyn krwiono$nych. Doprowadza
to do nadekspresji czasteczek adhezyjnych i rozwoju zmian zapalnych w $cianie naczyn.
Wielko$¢ powiktan klinicznych z wysoka warto$cig RDW-CV wynika z incydentéw miaz-
dzycowych spowodowanych aktywacjg ptytek krwi. Terapeutyczne obnizenie masy ciata,
poprawa profilu lipidowego i zmniejszenie stanu zapalnego powinno zatem przyczynic
sie do obnizZenia warto$ci RDW-CV i tym samym poprawy sprawnoS$ci kragzeniowo-odde-
chowej badanych (Ananthaseshaniin. 2022).

Podsumowujac, solidne dowody badan naukowych z ostatnich 20 lat wskazujg na wzrost
ryzyka choréb uktadu krazenia (CHD) u kobiet w okresie okotomenopauzalnym i post-
menopauzalnym, niezaleznie od zmian zwigzanych z wiekiem. Dlatego istnieje potrzeba
opracowania skutecznych metod profilaktycznych, majacych na celu zmniejszenie liczby
czynnikow kardiometabolicznych, a tym samym ograniczenie zdarzen sercowo-naczynio-
wych u kobiet w okresie okotomenopauzalnym i pézniejszym.
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Rekomendowana przez WHO umiarkowana aktywno$¢ fizyczna przyczynia sie do ob-
nizenia ryzyka zgonu oraz niepozadanych zdarzen zdrowotnych zar6wno u os6b z choro-
bami sercowo-naczyniowymi, jak i u os6b zdrowych (Arnettiin. 2019; Piepoliiin. 2016).
Systematyczna aktywno$¢ fizyczna o charakterze wytrzymato$ciowym oraz z elementami
¢wiczen z oporem prowadzi do zmniejszenia masy ciata, wzrostu sprawnosci krazenio-
wo-oddechowej oraz zmniejszenia stanu zapalnego. Istnieje coraz wiecej dowodow na
wptyw réznych form aktywnosci fizycznej na skuteczno$¢ interwencji zapobiegajacych
efektom starzenia sie. Intensywno$¢ oraz forma ¢wiczen powinny by¢ dopasowane do sta-
nu zdrowia oraz poziomu tolerancji wysitkowej oséb ¢wiczacych. Jedna z takich aktyw-
nosci jest aqua aerobik - aktywnos¢ fizyczna o umiarkowanym natezeniu bezwzglednym
(wg European Society of Cardiology - 3,0-5,9 MET), wykonywana w korzystnych dla zdro-
wia warunkach hydrodynamicznych, takich jak: wypornos¢, zwiekszone cisnienie hydro-
dynamiczne oraz temperatura nasilajgca procesy termoregulacyjne (Hildenbrand 2010).
Jest to aktywno$¢ preferowana przez wiele oséb o mniejszych zdolnosciach ruchowych
(Becker 2009; Wouters i in. 2009). Trening w wodzie korzystnie wptywa na poprawe me-
tabolizmu glukozy i profilu lipidowego, redukcje masy ciata oraz ci$nienia tetniczego krwi
(Pereiraiin. 1992; Sobczakiin. 2021).

W literaturze znajdujemy dowody, ktére potwierdzaja pozytywny wplyw ¢wiczen
w wodzie na wzrost wydolnosci krazeniowej (Hoeger i Hopkins 1992; Kravitz i Mayo 1997;
Michaud i Rodriguez-Zayas 1995). Wptyw treningu aqua aerobiku na statyczne i dynamicz-
ne parametry uktadu oddechowego jest zatem zjawiskiem ciggle wystepujacym i nalezy
spodziewac sie stosownych zmian parametréw spirometrycznych. Aktywno$¢ fizyczna
w $Srodowisku wodnym uprawiana systematycznie korzystnie wptywa na rozwdj fizyczny,
poprawe krazenia i oddychania (Colado 2009) oraz poprawia ogdlny stan zdrowia (Be-
cker 2009; Wilcock i in. 2006).

Rodzaj zastosowanego w treningu wysitku fizycznego powoduje okres$lone adaptacje
potreningowe. Trening o charakterze wytrzymato$ciowym wptywa na poprawe sprawno-
Sci krgzeniowo-oddechowej, a obcigzenia w treningu oporowym obnizajg ci$nienie krwi,
poprawiajg profil lipidowy i dodatkowo przyczyniaja sie do odbudowy i utrzymania masy
mieSniowej oraz sprawnosci fizycznej oséb starszych. Pojawia sie coraz wiecej badan oce-
niajacych wptyw treningu wytrzymato$ciowego w potaczeniu z treningiem z oporem na
poprawe wskaznikow fizjologicznych i stan zdrowia.

Nowag forma treningu pozwalajgcego taczy¢ trening aerobowy i sitowy jest trening mar-
szowy nordic walkingu ze zmodyfikowanym systemem oporowym (NW z RSA). Umiesz-
czenie elastycznej taSmy pomiedzy dwoma statymi elementami w kijkach pozwala uzy-
ska¢ dodatkowy opér, co zwieksza og6lng intensywnos¢ ¢wiczen. Marciniak i in. wykazali
w badaniach, Ze trening NW z RSA w poréwnaniu z treningiem NW ze zwyktymi kijkami
powoduje poprawe sity mieSniowej i wytrzymatosci dzieki zwiekszonej aktywnos$ci masy
mieSniowej zaangazowanej bezposrednio w ¢wiczenia i wiekszym o ok. 20% wysitkowym
zuzyciem tlenu (Domaszewska i in. 2020; Marciniak i in. 2020).
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2. CELE BADAN

1. OkreSlenie wptywu 12-tygodniowego treningu aerobowego w srodowisku wodnym
na zmiany funkcjonowania w obrebie uktadu oddechowego oraz zmiany poziomu wy-
dolnosci tlenowej u kobiet po menopauzie (publikacja 1).

2. Okreslenie wptywu treningu marszowego, tj. z kijkami klasycznymi (NW) oraz z kijka-
mi z zintegrowanym amortyzatorem rezystancyjnym (NW z RSA), na poziom RDW-CV
oraz wydolnos¢ kragzeniowo-oddechowg kobiet w okresie postmenopauzalnym (publi-
kacja 2).

3. Okreslenie wpltywu 6-miesiecznego treningu aqua aerobiku na wielko$¢ antropome-
trycznych i biochemicznych wskaznikéw kardiometabolicznych u kobiet w wieku oko-
tfomenopauzalnym (publikacja 3).
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3. CYKL PUBLIKACJI

Przedtozona dysertacja doktorska to cykl prac naukowych pod wspdélnym tytutem Wpltyw
aqua aerobiku oraz dwdch form treningu marszowego na wskazniki wydolnosci krg-
zeniowo-oddechowej u kobiet w okresie okotomenopauzalnym. W sktad cyklu wchodza
trzy artykuty naukowe opublikowane w czasopismach o zasiegu miedzynarodowym:

1. Sobczak K., Wochna K., Pietrusik K., Strzelczyk R., Domaszewska K. (2021) Assessment
of respiratory function and aerobic capacity in postmenopausal women participa-
ting in water aerobics classes. Trends in Sport Sciences, 28 (3): 225-231. https://doi.
org/10.23829/TSS.2021.28.3-7

punktacja MEiN: 20

2. Sobczak K., Nowinka P, Wochna K., Domaszewska K. (2023) The effects of Nordic wal-
king with poles with an integrated resistance shock absorber on red blood cell distri-

bution and cardiorespiratory efficiency in postmenopausal women - a randomized
controlled trial. Biology, 12 (2): 179. https://doi.org/10.3390/biology12020179

punktacja MEiN: 100; Impact Factor: 5,158

3. Sobczak K., Wochna K., Antosiak-Cyrak K. Domaszewska K. (2023) The effects of
6-month aqua aerobics training on cardiometabolic parameters in perimenopausal
women - a randomized controlled trial. Biology, 12 (4): 588. https://doi.org/10.3390/
biology12040588

punktacja MEiN: 100; Impact Factor: 5,158

Lacznie: punktacja MEiN: 220; Impact Factor: 10,316
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4., MATERIAL I METODY BADAWCZE
4.1. Grupa badana

Publikacja 1
Badanie przeprowadzone zostato w okresie od kwietnia do pazdziernika 2017 r. Rekruta-
cje do badan przeprowadzono na podstawie lokalnego ogtoszenia.

W badaniu wzieto udziat 30 kobiet, ktore losowo przydzielono do grupy badanej oraz
grupy kontrolnej. Przydzial do grup przeprowadzono w procesie randomizacji przez
osobe niezwigzang z realizacjg projektu badan. Wszystkie uczestniczki pochodzity z woje-
woédztwa wielkopolskiego. Kobiety ze schorzeniami uniemozliwiajagcymi wykonanie bada-
nia spirometrycznego, testu wysitkowego i niebedace w stanie korzysta¢ z basenu zostaty
wykluczone z udzialu w eksperymencie. Z powodu niedostatecznej frekwencji w czasie
trwania projektu wyeliminowano 5 uczestniczek.

Ostatecznie do analizy wtgczonych zostato 30 oséb (grupa badana, n = 21; grupa kon-
trolna, n = 9). Grupy byty jednorodne pod wzgledem badanych cech antropometrycznych,
takich jak masa ciata, wiek oraz wysoko$¢ ciata.

Publikacja 2
Badanie prowadzone byto przez 8 tygodni w okresie od 13 lutego 2019 r. do 17 kwietnia
2019 r. Rekrutacje do badan przeprowadzono na podstawie lokalnego ogtoszenia.

Do udziatu w badaniach zrekrutowano 50 kobiet w wieku 60-75 lat. Klasyfikacja me-
dyczna kandydatek obejmowata badania kardiologiczne, wywiad kardiologiczny dotycza-
cy choréb uktadu sercowo-naczyniowego oraz przyjmowania lekéw. Wykonano pomiar
ci$nienia tetniczego krwi oraz analize EKG. Z badan wykluczono osoby z chorobami ukta-
du ruchu uniemozliwiajagcymi samodzielne poruszanie sie, osoby z otytoscig olbrzymia,
z chorobg nowotworowa czynng lub po przebytym leczeniu. Do kryteriéw wykluczenia
z badan zaliczono réwniez: choroby watroby (ALT > 3 x granica), przewlekta chorobe ne-
rek (eGFR <30 ml / 1,73 m?/min), ostre stany zapalne (CRP > 5 mg/dl), niestabilng cho-
robe niedokrwienng serca, stan po udarze niedokrwiennym lub krwotocznym (<6 miesie-
cy), okres po zawale mie$nia sercowego z uniesieniem odcinka ST, kobiety z implantacja
stentu uwalniajacego lek, NSTEMI non-ST (<12 miesiecy), z dziedzicznym zaburzeniem
metabolicznym (fenyloketonuria, galaktozemia), z chorobami autoimmunologicznymi
(celiakia, uktadowa choroba tkanki tacznej, niedokrwisto$¢ hemolityczna, bielactwo, cho-
roba Addisona, hiperbilirubinemia), z nieswoistym zapaleniem jelit (choroba Le$niow-
skiego-Crohna i wrzodziejgce zapalenie jelita grubego), z zaburzeniami psychicznymi,
stosujace antybiotykoterapie, steroidoterapie (trwajaca), z uzaleznieniem od lekow, a tak-
ze uzaleznieniem od alkoholu (dzienne spozycie wiecej niz 1 porcja alkoholu).

Ostatecznie do projektu wtaczono 40 kobiet, ktére zostaty losowo przydzielone do
dwdch grup o odmiennym programie treningowym. Randomizacje przeprowadzono
w formie prostego przydziatu losowego z wykorzystaniem programu Excel przez osobe
niezwigzang z realizacjg projektu badan. Pie¢ kobiet wycofato sie z projektu, natomiast
trzy zostaty wykluczone z powodu wykonywania dodatkowej aktywnoSci fizycznej niz
wskazana w eksperymencie. Analizie statystycznej poddano wyniki 32 os6b (NW - 16;
NW z RSA - 16).
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Publikacja 3

Rekrutacje do badan przeprowadzono na podstawie lokalnego ogtoszenia. Zgtosito sie
50 kobiet w wieku przedmenopauzalnym, ktéorym dobry stan zdrowia umozliwiat pod-
jecie udziatu w programie treningowym. Do kryteridw wykluczenia zaliczono: wykazane
w badaniach klinicznych zaburzenia nerwowo-mie$Sniowe ograniczajace samodzielne po-
ruszanie sie, osoby z otytos$cig olbrzymia, z przewlekta chorobg zapalng, aktywng lub nie-
dawno przebyta chorobg nowotworowg, niestabilng chorobg niedokrwienng serca, stan
po zawale mies$nia sercowego <12 miesiecy oraz bedace po udarze <6 miesiecy. Dodatko-
wo z badan wykluczono osoby z zaburzeniami psychicznymi, ciezkg niewydolno$cig od-
dechowg oraz chorobami skéry uniemozliwiajgcymi odbywanie treningu w Srodowisku
wodnym, a takze osoby bedace na terapii steroidowej, uzaleznione od lekéw, substancji
narkotycznych oraz alkoholu.

Ostatecznie w pierwszym terminie badan wzieto udziat 40 oséb, ktére zostaty na-
stepnie losowo przydzielone do grupy kontrolnej (n = 20) oraz grupy badanej (n = 20).
Randomizacja przeprowadzona byta przez osobe niebioracg udziatu w projekcie badan,
przy uzyciu programu Excel. Nie wszystkim kobietom udato sie ukonczy¢ 6-miesieczny
program treningowy i przystgpi¢ do badan w kolejnym terminie. Ostatecznie w badaniach
w drugim terminie wzieto udzial 16 kobiet z grupy kontrolnej oraz 14 kobiet z grupy
badanej. Od uczestniczek wymagano ukonczenia co najmniej 80% planowanych zaje¢ tre-
ningowych.

4.2. Metody badan
4.2.1. Schemat badan

Przed przystapieniem do badan uczestniczki poproszono, aby na czas trwania projektow
nie zmieniaty dotychczasowych nawykéw zywieniowych oraz nie uczestniczyty w innych
zajeciach sportowych oprécz planowanych w projekcie.

Badania w kazdym przypadku zostaty przeprowadzone dwukrotnie, pomiedzy pierw-
szym i drugim terminem badan miat miejsce odpowiedni trening. Pierwsza i trzecia pu-
blikacja dotycza treningu aqua aerobiku, w drugiej zastosowano trening marszowy nordic
walking z uzyciem dwéch rodzajow kijkéw - klasycznych (NW) oraz zawierajacych ela-
styczny element oporowy (NW z RSA).

4.2.1.1. Badania wlasciwe

Badania antropometryczne - publikacje 1, 2, 3

Badania antropometryczne pozwolity okre$li¢ podstawowe parametry, takie jak: wiek,
wysokosS¢ i masa ciata oraz indeks masy ciata. Mase i wysoko$¢ ciata mierzono przy uzy-
ciu certyfikowanego urzadzenia - wagi medycznej WPT 60/150 OW (Radwag, Radom,
Polska) z doktadnos$cig pomiaru 0,01 kg. Do oceny wysokosci ciata uzyto antropometru
medycznego (doktadnos$¢ pomiaru #1 mm). BMI oraz sktad ciata (FM, MM, VFA) ozna-
czono metoda bioimpedancji na aparacie Tanita MC-780 MA (Tanita Corp., Tokyo, Japan)
- publikacja 3. Obwéd talii mierzono w potowie odlegto$ci miedzy dolnym zebrem a grze-
bieniem biodrowym w ptaszczyznie poziomej. Obwdd tali i bioder wykonany zostat zgod-
nie z wytycznymi ich pomiaru z uzyciem taSmy miarowej z doktadnos$cig pomiaru 1 cm.
Na podstawie zmierzonych wartosci obliczono wskaznik WHR.
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Spirometria - publikacje 1i2

Do badania czynnos$ci ptuc uzyto spirometru PDD-301/s (Piston, Budapeszt, Wegry) - pu-
blikacja 1, oraz spirometru MicroQuark (Cosmed, Rome, Italy) - publikacja 2. Badanie wy-
konywane byto w pozycji siedzacej z zachowaniem statej kolejnos$ci pomiaru. Kazda prébe
przeprowadzono co najmniej trzy razy, zgodnie ze standardami American Thoracic Socie-
ty i European Respiratory Society (Laszlo 2006). Bezposrednio ocenianymi parametra-
mi byty: pojemnos¢ zyciowa ptuc (VC), natezona pojemnos¢ zyciowa (FVC) i maksymalna
dowolna wentylacja ptuc (MVV). Wyniki wyrazono jako warto$ci bezwzgledne oraz jako
procenty wartos$ci naleznych przewidywanych wg Pereiry (Pereira i wsp. 1992). Procedu-
ra badania FVC pozwalata na okreslenie natezonej pierwszosekundowej objetosci wyde-
chowej (FEV), stosunku FEV, /FVC, MEF,, MEF, , MEF, (Laszlo 2006; Pereira i in. 1992).

75’ 50’

Morfologia i biochemia krwi - publikacje 2 i 3

W kazdym z terminéw badan krew zylna byta pobierana z zyt tokciowych w spoczynku,
na czczo, w godzinach porannych (7:00), przy uzyciu strzykawki S-Monovette (Sarstedst,
Niimbrecht, Niemcy). Stezenie hemoglobiny (HGB), warto$¢ hematokrytu (HCT), catko-
wita liczbe erytrocytéw (RBC), leukocytow (WBC), wspotczynnik zmiennos$ci szerokos$ci
dystrybucji krwinek czerwonych (RDW-CV) i odchylenie standardowe szerokosci dystry-
bucji krwinek czerwonych (RDW-SD) mierzono bezposrednio po pobraniu krwi, a préby
oznaczano za pomoca analizatora hematologicznego MYTHIC 18 (PZ Cormay SA, Lomian-
ki, Polska).

W publikacji 3 mierzono réwniez parametry biochemiczne, takie jak: cholesterol cat-
kowity (TC), cholesterol z lipoproteinami o duzej gestosci (HDL-C), cholesterol z lipopro-
teinami o matej gestosci (LDL-C), tréjglicerydy (TG).

Na podstawie zmierzonych wskaznikéw antropometrycznych oraz biochemicznych
obliczono stosunek ptytek krwi do limfocytéw (PRL), stosunek limfocytow do monocytow
(LMR) oraz wskaznik otytoSci trzewnej (VAI) z wykorzystaniem wzoru VAI = [WC/36,58 +
+ (1,89 x BMI)] x (TG/0,81) x (1,52/HDL-C) dla kobiet.

Jest to metoda empiryczno-matematyczna specyficzna dla pici (Eroglu i Karatas 2019;
Karavidas i in. 2010; Mertoglu i Gunay 2017; Mohammadreza i in. 2012).

Préba wysitkowa - publikacja 2

Testy wysitkowe przeprowadzono miedzy godzinami 9:00 a 11:00 w klimatyzowanym
laboratorium, 2 godziny po spozyciu lekkiego $niadania (jedna kanapka z mastem i se-
rem; ok. 200 kcal). Wydolnos¢ tlenowg oceniano za pomoca zmodyfikowanego protokotu
Astranda-Ryhming do przewidywania VO, zuzyciem ergometru Kettler DX1 Pro (Ense-
-Parsit, Niemcy), a czestos¢ akcji serca (HR) monitorowano za pomocg pulsometru Polar
A-5 (Polar Electro Oy, Kempele, Finlandia) (Gillett 1993). Przewidywane VO, _ odczytano
znomogramu lub towarzyszacych mu tabel (Astrand i Ryhming 1954) i pomnozono przez
wspoétczynniki korekcji dla wieku (von Débeln i in. 1967). Otrzymane wartoSci zuzycia
tlenu zostaty nastepnie przeliczone z 1/min na ml/kg/min.

Przezklatkowa echokardiografia spoczynkowa

Echokardiografie przeprowadzono z wykorzystaniem aparatu Generel Electric VIVID T8
(General Electric Medical Systems, Vivid T8 Pro, Israel) z gtowicg o czestotliwo$ci 1-4 MHz.
Protokot badania zawieratl ocene budowy jam i czynnosci serca zgodnie z rekomenda-
cjami European Association of Echocardiography (Bui i in. 2011). Parametry hemodyna-
miczne przeptywu przez zastawki serca byty mierzone za pomoca fali Dopplera ciggtego
oraz pulsacyjnego. Dodatkowo przy uzyciu Dopplera tkankowego zmierzono predkosci
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pierscienia mitralnego czesci przegrodowej i bocznej w projekcji koniuszkowej cztero-
jamowej. Wyznaczono peak A - predko$¢ naptywu péznorozkurczowego przez zastawke
mitralng (A), peak E - predko$¢ naptywu wczesnorozkurczowego przez zastawke mitral-
ng (E), peak E’ - predkos$¢ wczesnorozkurczowa pierscienia mitralnego (E’). Z uzyskanych
wartos$ci wyliczono wskaznik E/E’ i E/A.

4.2.1.2. Program treningowy

Publikacja 1

Projekt realizowany byt przez 3 miesigce. Zajecia odbywaty sie 2 razy w tygodniu. Tre-
ning prowadzono w gtebokiej wodzie; uczestniczki wykonywaty ¢wiczenia w pasie wy-
pornosciowym bez kontaktu z dnem basenu. Trener prowadzacy znajdowat sie na ladzie
i wykonywat doktadny pokaz kazdego z ¢wiczen. Podczas zaje¢ wykorzystywano rozne-
go rodzaju sprzet oporujacy. Zajecia odbywaty sie przy rytmicznej muzyce, co pozwolito
utrzymac¢ odpowiednie tempo ¢wiczen oraz zmotywowacé grupe do utrzymania okreslo-
nej intensywnosci zajec.

Pojedyncza jednostka treningowa trwata 45 minut. W jej sktad wchodzity: rozgrzew-
ka - 5 minut, rozgrzewka cardio - 5 minut, cze$¢ gtbwna aerobowa i wzmacniajaca -
30 minut oraz cze$¢ koncowa, uspokajajaca - 5 minut. Program zaje¢ opracowany byt we-
dtug wskazéwek metodycznych dotyczacych prowadzenia zaje¢ z aqua aerobiku i dosto-
sowany do poziomu umiejetnosci ¢wiczacych; obejmowat 24 jednostki treningowe (Pie-
trusik i in. 2019; Sanders 2000; Zeitvogel i Miiller 1992).

Podczas rozgrzewki wykonywany byt marsz w miejscu oraz ¢wiczenia ramion w réz-
nych ptaszczyznach. Rozgrzewka cardio polegata na biegu w miejscu oraz biegu w roz-
nych kierunkach. Wykonywane byty ¢wiczenia z r6znym utozeniem dioni oraz ¢wiczenia
z przemieszczaniem w réznych kierunkach. Cze$¢ gtéwna to ¢wiczenia ramion w réznych
kierunkach z r6znym zakresem ruchu (odpychanie, zagarnianie), ¢wiczenia konczyn dol-
nych (wznosy jednonéz, obunéz, podskoki, pajacyki, nozyce, cwiczenia w zawieszeniu),
¢wiczenia koordynacyjne, ¢wiczenia w pozycji lezenia przodem oraz lezenia tytem, ¢wi-
czenia zmiany pozycji ciata. Ostatnia cze$¢ rozluzniajgca to ¢wiczenia rozluzniajgco-relak-
sacyjne w roznych kierunkach.

Podczas zaje¢ aqua aerobiku wykorzystywany byt sprzet oporujacy (m.in. dtugi
makaron, krétki makaron, betomic, punche, obcigzniki na nogi, hantle, pitki, aqua tube,
aqua dyski, rekawice) (ryc. 1). Osoba prowadzaca w czasie trwania projektu wszystkie
jednostki treningowe posiadata niezbedne uprawnienia oraz doswiadczenie w prowadze-
niu zajec¢ z kobietami w r6znym wieku i na r6znym poziomie zaawansowania.
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pas wypornosciowy aqua dyski rekawice

Rycina 1. Sprzet oporujacy wykorzystywany podczas zaje¢ aqua aerobiku

Publikacja 2

Trening marszowy odbywat sie dwa razy w tygodniu przez 8 tygodni (16 sesji trenin-
gowych, kazda po ok. 75 minut). Treningi dla obu grup odbywaty sie w tym samym cza-
sie. Kobiety z grupy NW uzywaty klasycznych kijkéw (Nordic Walking Race 80% Carbon,
Fizan, Wtochy), natomiast grupa NW z RSA - kijkéw z zintegrowanym amortyzatorem
oporu posiadajacym opo6r elastyczny 4 kg (Slimline Bungy Pump, Sports Progress Inter-
national AB, Szwecja).

Kazdy trening rozpoczynat sie rozgrzewka gtéwnych partii miesni, dynamicznymi ¢wi-
czeniami z wykorzystaniem kijkow, w tempie dostosowanym do mozliwosci uczestnikow
(10-15 min). Podczas rozgrzewki uczestnicy wykonywali np. wymachy rak, nég, w réz-
nych ptaszczyznach i kierunkach, w réznym ustawieniu ciata. Nastepnie chodzili alejami
parku po zrdéznicowanym podtozu, w tempie umozliwiajagcym prowadzenie swobodnej
rozmowy (intensywnos$¢ odpowiadajgca 100-120 ud./min). Po przejsciu potowy plano-
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wanego dystansu (ok. 1,7-2,2 km w tempie ok. 1 km na 10 min) uczestnicy zaje¢ wyko-
nywali ¢wiczenia o charakterze sitowym oraz trening rownowagi (15 min), polegajacy
na utrzymaniu stabilnej postawy przy zmniejszonym polu podparcia i wychyleniach ciata
w réznych kierunkach. Po przejs$ciu reszty planowanego dystansu (dystans zmierzono za
pomoca aplikacji Endomondo) na zakonczenie treningu odbywatly sie ¢wiczenia rozcia-
gajace gtownych partii miesni, np. mies$ni prostych uda, mie$ni powierzchownych i gte-
bokich goleni, miesni kulszowo-goleniowych, mies$ni grzbietu, tzw. rolowanie kregostupa
itp. W trakcie spotkan stopniowo zwiekszano dystans marszu z 3,5 do 4,5 km, a takze
liczbe wykonywanych ¢wiczen z 8 do 12 powtorzen. Intensywnos$¢ ¢wiczen odpowiadata
50% HRR podczas sesji treningowych 1-8, natomiast od sesji 9 do 16 intensywno$¢ wzra-
stata do 65-70% HRR i byta monitorowana na podstawie pomiaru tetna (Polar Electro
Oy, Kempele, Finlandia). Przyjeto minimalng wymagang frekwencje na zajeciach (80%).
Trener prowadz3acy zajecia posiadat odpowiednie kwalifikacje (Wochnaiin. 2019).

Publikacja 3

Eksperyment prowadzony byt przez 6 miesiecy i obejmowat 24 jednostki treningowe. Za-
jecia odbywaly sie 1 raz w tygodniu, prowadzone byty w wodzie gtebokiej, bez kontaktu
z dnem basenu, a wszystkie uczestniczki miaty zatoZone pasy wypornosciowe, by moc
utrzymac sie bezpiecznie na powierzchni wody i skoncentrowa¢ na poprawnym wyko-
nywaniu ¢wiczen. Zajecia prowadzone byly przy muzyce przez wykwalifikowanego in-
struktora, ktéry znajdowat sie na ladzie i wykonywat doktadny pokaz kazdego z ¢wiczen.
Pojedyncza jednostka treningowa trwata 45 minut i sktadata sie z trzech czesci. W kazdej
czesci realizowano konkretne zadania treningowe:

- rozgrzewka (marsz w miejscu, ¢wiczenia rozciagajaco-rozluzniajagce w réznych
kierunkach), rozgrzewka cardio (bieg w miejscu, bieg w r6znych kierunkach, éwi-
czenia rozciggajaco-rozluzniajace z r6znym sposobem utozenia dtoni, ¢wiczenia
z przemieszczaniem w réznych kierunkach);

- cze$¢ gtéwna aerobowo-wzmacniajaca: ¢wiczenia rozciggajaco-rozluzniajace w roz-
nych kierunkach z r6znym zakresem ruchu (odpychanie, zagarnianie), ¢wiczenia
konczyn dolnych, wznosy konczyn dolnych jednonéz, obunéz, podskoki, pajacyki,
nozyce, ¢wiczenia w zawieszeniu, ¢wiczenia koordynacyjne;

— cze$¢ koncowa, rozluzniajgca: ¢wiczenia w lezeniu na plecach, w lezeniu na pier-
siach, ¢wiczenia zmiany pozycji ciata, ¢wiczenia rozciagajaco-rozluzniajace.

Do ¢wiczen wykorzystano taki sam sprzet obcigzeniowy jak w badaniu opisanym w pu-

blikacji 1. Treningi aqua aerobiku w obu projektach prowadzone byty przez te sama osobe.

4.2.2. Metody statystyczne

Uzyskane wyniki poddano analizie statystycznej z wykorzystaniem systemu oprogramo-
wania do analizy danych Dell Statistica (wersja 13, Dell Inc., Round Rock, TX, USA). Dane
przedstawiono jako $rednig i odchylenie standardowe (SD). Normalno$¢ rozktadow we-
ryfikowano za pomocg testu Shapiro-Wilka. Test U Manna-Whitneya i test Wilcoxona za-
stosowano odpowiednio dla zmiennych o rozktadzie nienormalnym, aby oceni¢ istotno$¢
réznic miedzy grupami i terminami badan. Do obliczenia wspo6tczynnikdéw korelacji za-
stosowano analize rang Spearmana. Poziom istotno$ci statystycznej ustalono na p < 0,05.
Wielkos¢ efektu [ES] obliczono jako réznice miedzy Srednimi podzielong przez zbiorcze
odchylenie standardowe. Stosujac kryteria Cohena (1988), ES 20,20 i <0,50 uznawano za
maty, 20,50 i <0,80 za Sredni, a 20,80 za duzy.
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Wielko$¢ préby obliczono na podstawie danych z badania Maddena i in. (2006) okre-
Slajgcego potreningowq zmiane warto$ci wskaznika VO, . Badania w wymienionej pu-
blikacji wykazujq podobienstwo metodologiczne z naszym projektem badaniem (6-mie-
sieczny okres treningu o charakterze wytrzymato$ciowym, wiek badanych) (Madden i in.
2006). Po obliczeniach, przyjmujac moc 1-beta, prawdopodobienistwo btedu: 95%, wiel-
kos¢ efektu: 0,90, alfa: 0,05 (dwustronnie), minimalng liczbe uczestnikéw ustalono na 8,
po rowno do kazdej grupy. W realizowanych projektach przyjeto za stosowne wiaczenie
do badan wiekszej liczby uczestnikéw.

4.3. Zagadnienia bioetyczne

Wszystkie badania przeprowadzono zgodnie z Deklaracja helsinska i krajowymi wytycz-
nymi etyki badan naukowych z udziatem ludzi oraz zostaty one zatwierdzone zgoda Ko-
misji Bioetycznej przy Uniwersytecie Medycznym w Poznaniu (nr 882/11, nr 1224/17,
nr 245/19).

Wszystkie uczestniczki badan zostaty poinformowane o ich dobrowolnosci, o rodzaju
i znaczeniu wykonywanych badan, mozliwosci publikacji wynikéw z zachowaniem pouf-
nosci danych osobowych. Badane kobiety wyrazity pisemng zgode na udziat w badaniu.
Kazda z kobiet bez podawania przyczyn mogta na kazdym etapie zrezygnowac z udziatu
w projekcie.
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5. WYNIKI ORAZ ICH OMOWIENIE

Wyniki przedstawione zostaty w tabelach. Wszystkie badane wskazniki zmierzono na po-
czatku programu treningowego oraz bezposrednio po jego ukonczeniu z zachowaniem
standardéw pomiarowych.

Publikacja 1
Celem prowadzonych badan byta ocena skutecznosci treningu aqua aerobiku w aspekcie
sprawnos$ci oddechowej oraz krazeniowo-oddechowej zdrowych kobiet w okresie post-
menopauzalnym.

W tabeli 1 zaprezentowano wyniki pomiaréw antropometrycznych z dwdch terminéw
badan w obu grupach. W przypadku obu badanych grup zaobserwowano spadek masy
ciala pomiedzy terminami (p < 0,05) bez istotnej zmiany wskaznika BMI.

Tabela 1. Charakterystyka antropometryczna badanych kobiet
Wiek

Wysoko$¢ Masaciata Masa ciata BMI przed  BMI po

Grupa (lata)  ciata(cm) przed (kg)  po (kg) 2 (kg/md) (kg/m?) -
Badana 63,20 158,05 73,20 72,01 2 34% 28,93 28,67 173
(n=21) (4,72) (4,81) (22,11) (20,42) ’ (7,50) (7,22) ’

Kontrolna 64,07 161,39 74,81 73,20 196 28,63 28,12 177

(n=9) (3,66) (6,58) (12,28) (12,01) ’ (3,83) (3,62) ’

Dane przedstawiono jako $rednie (SD). Z - wynik testu Wilcoxona.
“p<0,05

W tabeli 2 zaprezentowano wyniki analizy zmian potreningowych badanych wskazni-
kéw spirometrycznych wydolno$ciowych w grupie badanej oraz grupie kontrolne;.

Tabela 2. Wyniki badan wydolno$ciowych oraz spirometrycznych grupy badanej oraz grupy kon-
trolnej w dwdch terminach

Grupa badana (n = 21)

Zmienna Grupa kontrolna Przed Po 7 Zmiana
(n=9)

. badana 30,69 (7,66) 32,37 (7,81) 2,80° 1,68 (2,56)

V0,55 (ml/kg/min) kontrolna 27,31(0,79) 30,04 (5,80) 1,48 2,73 (5,67)

VC (1/min) badana 2,88(0,34)  2,89(0,38) 1,50 0,22 (0,63)

kontrolna 2,52 (0,44) 2,52 (0,50) 0,40 0,04 (0,21)

V) badana 0,60 (0,28) 0,60 (0,25) 0,03 0,00 (0,29)

kontrolna 0,81(0,58) 0,37 (0,17) 1,99* -0,29 (0,35)

. badana 17,79 (5,38) 15,82 (3,86) 1,42 -1,38 (3,59)

Rf (0d/min) kontrolna 14,83 (4,17) 18,60 (5,54) 0,73 2,58 (8,09)

. badana 1,88 (0,32) 1,77 (0,41) 1,02 -0,02 (0,47)

IRV (1/min) kontrolna 1,66 (0,59) 1,43 (0,26) 0,40 -0,03 (0,71)

. badana 0,38(0,23) 0,51 (0,48) 1,61 0,22 (0,42)

ERV (I/min) kontrolna 0,23(0,17) 0,73 (0,57) 1,21 0,33 (0,52)
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FVC (I/m) badana 2,82 (0,43) 2,86 (042) 0,23 0,05 (0,28)

kontrolna 2,55(0,42) 2,72 (0,52) 1,78 0,07 (0,08)

. badana 2,45(0,34) 2,41 (0,34) 0,45 0,00 (0,18)

FEV, (I/min) kontrolna 2,21(0,30) 2,31 (0,42) 0,31 0,02 (0,12)

. badana 85,74 (7,58) 83,71 (4,82) 0,68 -0,59 (7,71)

FVC/VC (1/min) kontrolna 86,70 (5,62) 85,53 (8,11) 0,94 -0,65 (7,87)

MEF.. (1 badana 550(1,18) 5,18 (1,02) 1,48 0,16 (1,79)

75 kontrolna 4,75 (0,59) 5,36 (0,92) 0,94 0,34 (0,95)

MEF._ (1) badana 3,63(0,98)  3,15(0,72) 1,48 -0,31(0,72)

50 kontrolna 3,60 (0,69) 3,59 (0,88) 0,94 -0,02 (0,44)
Dane przedstawiono jako $rednie (SD). Z - wynik testu Wilcoxona.

"p<0,05

Wewnatrzgrupowa analiza potreningowych zmian badanych parametréw wykaza-
fa istotny wzrost wartoSci putapu tlenowego w grupie badanej (p < 0,05). Nie zaobser-
wowano istotnych zmian wskaznikéw spirometrycznych, tj. VC, MEF,, MEF_, pod wpty-
wem 12-tygodniowego treningu aqua aerobiku (tab. 2). Dobra wydolno$¢ badanych to
najprawdopodobniej powdd braku statystycznej poprawy sprawnosci oddechowej. Z 30
wilaczonych do projektu kobiet tylko u 2 stwierdzono wystepowanie $rednich zmian re-
strykcyjnych. Spektakularne efekty poprawy VC i FEV, /VC pod wptywem ¢wiczen pro-
wadzonych w $rodowisku wodnym opisane zostaty w badaniach prowadzonych na pa-
cjentkach z zaburzeniami obturacyjnymi oraz restrykcyjnymi ptuc. Poprawe sprawnosci
oddechowej pod wptywem treningu o charakterze wytrzymato$ciowym w Srodowisku
wodnym odnotowano w literaturze w kilku przypadkach (Jung i in. 2014). Song i Kim
(2009) réwniez zaobserwowali poprawe wskaznikoéw spirometrycznych u oséb po prze-
bytym udarze poddanych treningowi rehabilitacyjnemu w srodowisku wodnym.

Przeprowadzone badania wykazaty wzrost wartosci putapu tlenowego u badanych
kobiet niezaleznie od zmiany ich masy ciata. Zaré6wno w grupie badanej, jak i kontrolnej
odnotowano statystyczny spadek masy ciata. W zwigzku z powyzszym prawdopodobnie
to nie masa ciata czy sprawno$¢ oddechowa byty gtéwnym czynnikiem wptywajacym na
istotny wzrost wartos$ci putapu tlenowego kobiet z grupy badanej. Na podstawie uzyska-
nych badan mozna wnioskowa¢, Ze to zmiany sprawnosci kragzeniowej i metabolicznej
miesni ksztattujg sprawnos$¢ krazeniowo-oddechowg zdrowych, starszych kobiet trenu-
jacych aqua aerobik.

Analiza korelacji rang Spearmana wykazata ujemng korelacje pomiedzy potreningowa
zmiang masy ciata a wartos$cig putapu tlenowego tylko w przypadku grupy badane;j.

Publikacja 2
W badaniu analizowano wielko$¢ rozktadu krwinek czerwonych, sprawnos$¢ krazeniowo
-oddechowgq oraz poziom wydolnoSci fizycznej u kobiet w okresie postmenopauzalnym
jako efekt wplywu zastosowania réznego modelu treningu marszowego.
Analiza statystyczna badanych wskaznikéw antropometrycznych w pierwszym termi-
nie badan wykazata istotng réznice w masie ciata (p < 0,05; ES: 0,734) pomiedzy grupami.
Realizowany w projekcie trening NW z RSA spowodowat istotne zmiany: masy ciata,
BMI, obwodu tali oraz wskaznika VO, _ (p < 0,05), natomiast trening NW spowodowat
jedynie istotne zmiany VO,  (p < 0,05; ES: 0,533) (tab. 3). Analiza statystyczna potre-
ningowych zmian badanych wskaznikéw pomiedzy grupami wykazata istotng réznice
w zmianie masy ciata (A masy ciata) (p < 0,05; ES: 0,778), BMI (ABMI) (p < 0,05; ES: 0,778)
oraz obwodzie talii (AWC) (p < 0,05; ES: 1.225).
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Tabela 3. Charakterystyka antropometryczna i maksymalny pobor tlenu oséb uczestniczacych
w badaniu

Badane NW (n = 16) NW z RSA (n = 16)
zmienne Przed 9 tygodni po  p-value Przed Po p-value
Wiek (lata) 65,04 (4,01) 67,62 (4,29)
Masa ciata (kg) 66,61 (10,42) 67,23 (11,04) 0,3636 74,49 (11,18) 73,59 (10,95) (Eg'_ooogg .
Wysoko$¢ ciata (cm) 160,93 (6,00) 162,19 (4,14)
BMI (kg/m?) 25,68 (3,37) 2592(3,70) 0,3823  28,31(3,96) 27,97 (3,36) 0.0124
(ES: 0,167)
0,0052
WC (cm) 82,66 (9,22) 81,67(8,71) 0,0504 87,82(9,53) 84,86 (8,82) (ES: 0,322)

0,0011 0,0262
Vo, (ml/kg/m) 28,19 (4,79) 32,77 (5,04) (ES: 0,932) 28,20 (4,44) 30,57 (4,45) (ES: 0,533)

Dane przedstawiono jako $rednie (SD).

Analiza parametréw funkcji rozkurczowej lewej komory serca z badania echokardio-
graficznego wykazata istotny statystycznie spadek predkosci fali A (p < 0,05; ES: 0,352)
oraz wartosci E/A (p < 0,05; ES: 0,301) w grupie kobiet, u ktérych zastosowano trening
NW. Spadek predkosci fali A i wzrost E/A obserwowany jest u pacjentéw z pogarszajaca sie
funkcja rozkurczowgq i wzrastajacym cisnieniem napetniania lewej komory serca (tab. 4).

Analiza statystyczna potreningowych zmian (A) badanych wskaznikéw kardiologicz-
nych pomiedzy grupami nie wykazata istotnych réznic.

Tabela 4. Parametry badania echokardiograficznego i ciSnienia krwi badanych grup

Badane NW (n = 16) NW z RSA (n = 16)
zmienne Przed Po p-value Przed Po p-value
E (cm/s) 0,64 (0,13) 0,64 (0,10) 0,9499 0,69 (0,16) 0,64 (0,17) 0,3343
A (cm/s) 0,83 (0,16) 0,77 (0,18) (Eg'.oolggz) 0,81(0,18) 0,78 (0,15) 0,2343
0,0328
E/A 0,81(0,29) 0,91(0,37) (ES: 0,301) 0,89 (0,32) 0,83 (0,26) 0,4432
E’ (cm/s) 0,08 (0,02) 0,08 (0,03) 0,6121 0,08 (0,02) 0,08 (0,02) 0,1423
E/E’ 8,09 (2,26) 8,09 (2,31) 0,8261 9,02 (2,26) 8,79 (2,65) 0,9547

Dane przedstawiono jako $rednie (SD).

Analiza wybranych wskaZnikéw hematologicznych w pierwszym terminie badan wy-
kazata istotng roznice w ilosci RBC (p < 0,05; ES: 0,679) oraz wartosci RDW-CV (p < 0,05;
ES: 1,248) pomiedzy grupami kobiet. Obie zastosowane w projekcie formy treningu spo-
wodowaty spadek ilosci WBC (p < 0,05) i wielkos$ci HCT (p < 0,05). Dodatkowo w grupie
NW z RSA doszto do spadku liczby czerwonych krwinek, wspotczynnika zmiennosci sze-
rokosci dystrybucji krwinek czerwonych i odchylenia standardowego szerokosci dystry-
bucji krwinek czerwonych (p < 0,05). Jedynie w przypadku odchylenia standardowego
szerokosci dystrybucji krwinek czerwonych wykazano istotng réznice w potreningowej
zmianie (ARDW-SD) pomiedzy badanymi grupami (p < 0,05; ES: 1,215) (tab. 5).
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Tabela 5. Podstawowe cechy parametréw hematologicznych kobiet poddanych 8-tygodniowemu
programowi treningowemu NW i NW z RSA

NW (n=16) NW z RSA (n=16)
Badane zmienne
Przed Po p-value Przed Po p-value
0,0002 0,0199
9 ’ ]
WBC (10°/1) 6,46 (1,43) 5,56 (1,26) (Es0,668) 07 (1,09) 5,54 (1,15) (ES: 0,491)
12 0,0121
RBC (10*2/1) 4,37 (0,23) 4,34 (0,24) 0,5321 4,60 (0,42) 4,51(0,42) (ES: 0,214)
HGB (mmol/1) 8,52 (0,39) 8,59(0,36) 0,3635 8,64 (0,57) 8,59 (0,61) 0,2213
0,0309 0,0019
0 ) )
HCT (%) 39,34 (1,80) 38,41 (1,66) (ES: 0,537) 39,94 (2,69) 38,51 (2,88) (ES: 0,513)
0,0146
RDW-CV (%) 12,41 (0,54) 12,33 (0,47) 0,7174 13,09 (0,55) 12,70 (0,62) (ES: 0,665)
0,0008
RDW-SD (f1) 40,87 (1,77) 39,78 (2,18) 0,0787 41,14 (1,61) 38,46 (1,69) (ES: 1,624)

Dane przedstawiono jako $rednie (SD).

RDW-CV jest wskaznikiem morfotycznym krwi powszechnie oznaczanym w rutyno-
wym badaniu klinicznym. Dostarcza cennych informacji prognostycznych zwigzanych
z chorobami uktadu krazenia bez dodatkowych kosztéw. Wyniki badan dotyczace wpty-
wu treningu fizycznego na zmniejszenie wielkosci RDW-CV moga by¢ niejednoznaczne.
Do przyczyn anizocytozy naleza bowiem stany zapalne, stres oksydacyjny lub zaburzone
wchtanianie Zelaza. U oséb starszych na skutek ubytku rezerw fizjologicznych oraz sarko-
penii obserwujemy obniZenie zdolnosci do regeneracji mie$ni po wysitku i pojawienie sie
przewlektego stanu zapalnego. Systematyczna aktywnos$¢ fizyczna powoduje obnizenie
stanu zapalnego, hamuje anizocytoze i tym samym ogranicza czesto$¢ zdarzen kardiolo-
gicznych spowodowanych zaburzeniami wielko$ci erytrocytow.

Prowadzone badania wykazaty statystyczne obnizenie RDW-CV o 3% w grupie z tre-
ningiem NW z RSA (p < 0,05; ES: 0,665). Jest to prawdopodobnie spowodowane istotnym
obnizeniem masy ciata (p < 0,05; ES: 0,981) oraz nadmiernej otytosci w okolicach brzucha
(p < 0,06; ES: 0,322) po zastosowaniu treningu wytrzymato$ciowego z oporem. Ponadto
uwidoczniono zalezno$¢ pomiedzy RDW-SD i WC (r = 0,3691, p < 0,05) w badanej grupie
kobiet. Natomiast trening NW o mniejszym obcigzeniu nie spowodowat istotnej zmiany
w odniesieniu do opisanych zmiennych. Podobng zaleznos¢ wykazaliSmy rowniez w bada-
niach pomiedzy RDW-SD a WC (r = 0,3691, p < 0,05).

U badanych kobiet przed przystgpieniem do programu treningowego wykazano istot-
ng korelacje pomiedzy RDW-CViVO, (r=0,4779, p <0,05). Zastosowanie w projekcie
obu form treningu marszowego spowodowato istotny wzrost wartosci VO, ~ w badanych
grupach kobiet (p < 0,05).

W pierwszym terminie badan analiza warto$ci parametrow spirometrycznych kobiet
nie wykazata obnizenia ich sprawnosci oddechowej. Pod wzgledem badanych zmiennych
grupy byty jednorodne. Nie wykazano rowniez istotnych réznic w potreningowej zmianie
(A) badanych wskaznikéw pomigdzy grupami. Tylko w przypadku FEV /VC trening NW
z RSA spowodowat istotny wzrost badanej zmiennej (p < 0,05; ES: 0,679) (tab. 6).
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Tabela 6. Parametry spirometryczne kobiet uczestniczacych w 8-tygodniowym programie trenin-
gowym NW i NW z RSA

NW (n = 16) NW z RSA (n = 16)
Badane zmienne
Przed Po p-value Przed Po p-value
102,88 109,91 112,97 115,92
0 ) J ) )
Ve (%) (18,43) (19,75) 0,8509 (12,92) (16,44) 0,0619
106,67 110,04 105,51 110,81 0,0019
0 ) ) ) ) )
FEV,/VC (%) (11,87) (6,77) 0,1961 (8,59) 667)  (ES:0,679)
92,24 93,42 94,24 93,71
0 ) ) ) )
MEF; (%) (23,37) (27,03) 0,9749 (21,64) (19,28) 0,6949
96,12 96,85 93,87 93,25
0 ) ) ) )
MEF, (%) (27,08) (26,38) 0,7298 (30,67) (26,43) 0,6949
98,06 107,79 96,31 106,83
0 ) ) ) )
MEF; (%) (38,15) (32,81) 0,1401 (28,16) (30,72) 0,0843

Dane przedstawiono jako $rednie (SD).

Wydolnos$¢ krazeniowo-oddechowa oraz mase mie$niowa zwieksza wytgcznie pota-
czenie treningu sitowego z treningiem wytrzymatoSciowym (Cadore i in. 2014). W na-
szych badaniach wykazano, zZe zastosowanie dodatkowego oporu podczas treningu mar-
szowego jest czynnikiem stymulujgcym metabolizm mie$niowy, co w efekcie poprawia
nie tylko sprawno$¢ krazeniowo-oddechowg, lecz rowniez istotnie zmniejsza mase ciata
oraz prowadzi do obnizenia RDW-CV bardziej niz tradycyjny trening NW.

Publikacja 3

W tym randomizowanym kontrolowanym badaniu przeanalizowaliSmy wptyw potrocz-
nego treningu aqua aerobiku na wielko$¢ antropometrycznych i biochemicznych wskaz-
niko6w kardiometabolicznych u kobiet w wieku okotomenopauzalnym. Pod uwage wzieto
antropometryczne wskazniki ryzyka choréb uktadu krazenia, tj. VFA, WHR, VAI, warto-
Sci ciS$nienia SBP i DBP (tab. 7) oraz markery biochemiczne krwi, m.in. profil lipidowy,
RDW-CV czy markery zmian zapalnych PRL i LMR, uwazane przez niektérych réwniez
za czynniki ryzyka wystapienia schorzen kardiologicznych. Kierunek zmian wymienio-
nych wskaznik6w mozna uznac za korzystny z punktu widzenia oceny ryzyka wystgpienia
zmian chorobowych, a samg forme treningu wraz z jego niewielka czestotliwoscia i inten-
sywnoscig za korzystng w utrzymaniu dobrostanu fizycznego kobiet w okresie okotome-
nopauzalnym.

Tabela 7. WskaZniki antropometryczne, wartos$ci ci$nienia krwi oraz wskaznik otyto$ci trzewnej
dla obu badanych grup w pierwszym i drugim terminie badan

Grupa kontrolna (n = 16) Grupa badana (n = 14)

Badane zmienne

Przed Po p-value Przed Po p-value
Wiek (lata) 47,00 (7,00) 48,43 (6,72)
Masa ciata (kg) 69,44 67,34 0,0174 70,87 69,44 67,34

5 (12,36) (11,67) (ES: 0,175) (10,49) (12,36) (11,67)

Wysokos¢ ciata 164,44 (6,79) 161,36 (6,26)
(cm)
BMI (kg/m?) 25,59 (3,65) 24,83 (359) . 200100  9719(324) 2717357 07007

) ) ) ) (ES: 0'210) ) ) ) ) )
FM (%) 32,80 (7,21) 30,60 (5,64) 0,1034 34,66 (4,65) 33,51 (5,68) 0,1405
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MM (%) 43,64 (446) 4391(543) 07332 43,52 (4,17) 48,66 (416)  0,3152

0,0277
VFA 587(222)  525(1L84) (g0, 671(198) 657 (199) 0,5286
WHR 0,90 (0,07) 0,90 (0,07) 09096 0,94 (0,07) 0,79 (0,07) 0,0009
) ) ) ) ) ) ) ) ) (ES: 0’143)
VAI 3,25(1,92) 3,57 (2,64) 0,3010 3,96 (4,56) 3,66 (3,67) 0,5098
116,25 112,50 123,21 115,00
SBP (mmHg) (14.52) (14.26) 0,2132 (9.12) (15.19) 0,0917
77,50 75,00 0,0185
DBP (mmHg) (1065) (1080) 03669 8679 (696) 7893(859) (g gos)

Dane przedstawiono jako $rednie (SD).

W pierwszym terminie badan nie wykazano istotnych ro6znic miedzy opisywanymi
zmiennymi pomiedzy grupami. Kobiety biorgce udzial w badaniu charakteryzowaty sie
lekka nadwagg; wskaznik BMI dla grupy badanej wynosit 27,19 kg/m?, a dla grupy kon-
trolnej - 25,59 kg/m?. Stopien ottuszczenia narzagdéw wewnetrznych (VFA) oraz ciSnienie
krwi byty prawidtowe w obu badanych grupach. Wartos$¢ odciecia wskaznika VAI uznana
za prawidtowa byta réwniez poréwnywalna w obu badanych grupach. W drugim terminie
badan nie zaobserwowano istotnej zmiany wskaznika VAI w grupie poddanej treningowi
w $rodowisku wodnym.

Zachodzace zmiany fizjologiczne, zwigzane z zanurzeniem w wodzie, mogg mie¢ pozy-
tywne skutki zdrowotne w odniesieniu do sprawnosci kragzeniowej (Pendergastiin. 2015;
dos Santos Leonel i in. 2023). Teze te potwierdzaja wyniki naszych badan, w ktérych ak-
tywno$¢ fizyczna w wymiarze 1 raz w tygodniu przez okres 6 miesiecy spowodowata
istotne obnizenie DBP (p < 0,05; ES: 1,005), stosunku obwodu talii do obwodu bioder
(p < 0,05; ES: 0,143) (tab. 7), stosunku liczby ptytek krwi do liczby limfocytéw (p < 0,05;
ES: 0,460) oraz wzrost stezenia HGB (p < 0,05; ES: 0,460). W grupie kontrolnej zaobser-
wowano istotny spadek masy ciata (p < 0,05; ES: 0,175), BMI (p < 0,05; ES: 0,210), VFA
(p <0,05; ES: 0,304) oraz wzrost wspo6tczynnika zmienno$ci szerokosci dystrybucji krwi-
nek czerwonych (p < 0,05; ES: 0,444). Analiza statystyczna réznic w potreningowych
zmianach badanych wskaZzniko6w pomiedzy grupami wykazata istotng réznice w zmianie
stosunku obwodu talii do obwodu bioder (AWHR) (p < 0,05; ES: 2,705).

Z naszych obserwacji wynika, Ze grupa badana na skutek pétrocznego nadzorowane-
go programu treningu w Srodowisku wodnym charakteryzowata sie obnizeniem stezenia
LDL-C (p < 0,05; ES: 0,399), wskaznika PRL (p < 0,05; ES: 0,460) (tab. 8). Jest to prawdo-
podobnie spowodowane opisang w publikacji Weise i in. (2005), zalezng od aktywno$ci
fizycznej, zmiang wydzielania enzymow wewnatrznaczyniowych. Wzrost aktywnosci li-
pazy lipoproteinowej (LPLA) i acylotransferazy lecytynowo-cholesterolowej (LCAT) oraz
mniejsza aktywno$¢ lipazy watrobowej TG (HLA) i niZsze stezenie biatka przenoszacego
estry cholesterolu (CETP) (Eroglu i Kataras 2019; Tonelli i in. 2008) powoduja spadek
stezenia TG i zwiekszenie frakcji HDL-C.

Literatura dotyczaca wptywu okreslonych form aktywnosci fizycznej nazmiennos¢ RDW-
-CV jest ograniczona, co powoduje trudnos$ci we wtasciwej interpretacji zmiennosci tego
wskaznika. Na podstawie wcze$niejszych badan autoréw mozna wnioskowag, Ze trening
o wiekszej intensywnoSci, taczacy element wytrzymatosciowy i sity, powoduje istotny
spadek RDW-CV (p < 0,05; ES: 0,655) w poréwnaniu z treningiem o mniejszej intensyw-
nos$ci (Sobczak i in. 2023). Zastosowany w projekcie trening aqua aerobiku nie spowo-
dowat istotnej zmiany RDW-CV pomimo obnizenia stezenia LDL-C w stosunku do grupy
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kontrolnej, czego przyczyna jest najprawdopodobniej zbyt mata jego intensywnos¢ i cze-
stotliwosc.

Przed rozpoczeciem treningu aqua aerobiku w pierwszym terminie badan zaobser-
wowano korelacje pomiedzy stezeniem TG a WBC (r = 0,5390, p < 0,05), stezeniem TG
i stezeniem HGB (r = 0,5265, p < 0,05), ponadto pomiedzy WBC i wartos$cig DBP (r = 0,6098,
p < 0,05) oraz pomiedzy wiekiem badanych kobiet a VFA (r = 0,6367, p < 0,05). Analiza
zmian po okresie potrocznej interwencji treningowej dla catej badanej grupy wykazata za-
lezno$¢ pomiedzy potreningowg zmiang stezenia trojglicerydéw we krwi (ATG) i zmiang
masy ciata (A masy ciata) (r =0,4386, p < 0,05) oraz zmiang stezenia tréjglicerydow (ATG)
a zmiang wskaznika VAI (AVAI) (r = 0,8973, p < 0,05), zmiang wspotczynnika zmienno$ci
szerokosci dystrybucji krwinek czerwonych (ARDW-CV) i zmiang warto$ci ci$nienia skur-
czowego (ASBP) (r=0,3912, p < 0,05), potreningowg zmiang wartosci stosunku limfocy-
tow do monocytéw (ALMR) i zmiang wskaznika BMI (ABMI) (r = -0,4053, p < 0,05) oraz
potreningowa zmiang stosunku obwodu talii do obwodu bioder (AWHR) i zmiang masy
ciata (A masy ciata) (r=-0,4135, p < 0,05).

Ogoélnie dobry stan zdrowia, prawidtowa masa ciata oraz glikemia z pewnoscig przy-
czynity sie do niskiego stanu zapalnego u badanych kobiet juz w pierwszym terminie ba-
dan, a kierunek adaptacji potreningowej niewatpliwie jest korzystny. W literaturze opisa-
ne warto$ci NLR i PRL sg wyzsze, np. u chorych na cukrzyce, i maja zwigzek ze zwiekszona
glikemia i wysoka insulinoopornoscia (Eroglu i Karatas 2019; Mertoglu i Gunay 2017).

Tabela 8. Parametry morfotyczne oraz profil lipidowy obu badanych grup w pierwszym i drugim
terminie badan

Grupa kontrolna (n = 16) Grupa badana (n = 14)
Badane zmienne
Przed Po p-value Przed Po p-value
WBC (10°/1) 637(1,61) 632(147) 07764  674(2,16) 731(211)  0,0868
RBC (10'2/1) 436(0,28) 430(0,28) 02805 446 (0,25) 4,52(025)  0,0901
0,0013
HGB (mmol/l)  13,05(0,79) 1309(0,89) 03152 1322(096) 1388(109) (g cya
227,56 238,12 245,93 244,79
9 ) ) ) )
PLT (10°/1) (51.13) (42.34) 0,0703 (39.29) (30,09) 0,8339
RDW-CV (%) 13,79 (0,46) 14,03 (0,61) 20202 © 4375(095) 14,06(029) 01961
) ) ) ) (ES: 0‘444) ) ) ) ) )
104,48 103,84 98,66 89,58 0,0219
PRL (29,38) (23,58) 0,8361 (20,27) (1916)  (ES: 0,460)
LMR 843 (2,64) 7,74(164) 07959  7,94(3,16) 7,89(1L59)  0,5936
216,87 212,62 217,93 202,92
TC (mg/dl) (22,16) (24,80) 0,5895 (35,97) (32,32) 0,0868
72,12 71,00 70,43 69,07
HDL-C (mg/dl) (14.29) (15.81) 0,6247 (16.55) (17.04) 0,5525
123,62 120,62 125,14 114,00 0,0277
LDL-C (mg/d]) (28,61) (28,83) 0,6603 (28,71) (27,04)  (ES: 0,399)
105,69 105,31 113,07 117,79
TG (mg/dl) (50,36) (51,79) 0.9176 (91,92) (82,34) 0,6605

Dane przedstawiono jako $rednie (SD).
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6. WNIOSKI

Aktywnos¢ fizyczna w srodowisku wodnym ma korzystny wptyw na zdrowie cztowieka
niezaleznie od jego wieku. Dzieki specyficznym wtasciwos$ciom Srodowiska wodnego i od-
cigzeniu, ktoremu w 90% ulega ciato zanurzone w wodzie, aqua aerobik jest niewatpliwie
bezpieczniejsza forma treningu niz trening wykonywany na lgdzie. Prawdopodobienistwo
doznania kontuzji niemal nie wystepuje.

Realizowany w projekcie przez okres 12 tygodni program treningowy dla kobiet zdro-
wych po menopauzie nie przyczynit sie do poprawy badanych wskaznikéw spirometrycz-
nych, a uzyskany wzrost putapu tlenowego spowodowany byt najprawdopodobniej po-
prawa zdolnosci krazeniowych i metabolicznych determinujgcych mozliwosci wysitkowe
oraz stan zdrowia.

Korzystne prozdrowotne zmiany adaptacyjne uzyskano rdwniez w projekcie aqua ae-
robiku realizowanym przez kobiety w okresie okotomenopauzalnym przez 6 miesiecy.
Wykazano, ze ryzyko wystapienia choréb uktadu krazenia moze by¢ zmniejszone nawet
przy zastosowaniu wysitku fizycznego o matej czestotliwosci w dtuzszym okresie. Krotkie
programy treningowe bardzo czesto nie dajg tak spektakularnych efektéw, z kolei dtuzsze,
trwajace kilka czy kilkanascie miesiecy - zniechecaja. Nalezy zaznaczy¢, Ze grupa trenuja-
caraz w tygodniu przez okres 6 miesiecy to kobiety zazwyczaj nadal aktywne zawodowo,
co moze powodowac trudnosci w zachowaniu systematycznoSci zaktadanej aktywnosci
fizycznej w wymiarze 2-3 razy w tygodniu w dtuzszym okresie. Zatem wykazanie sku-
teczno$ci proponowanego w projekcie programu treningowego oraz obnizenie wybra-
nych wskaznikéw kardiometabolicznych jest celowe z punktu widzenia ochrony zdrowia
kobiet. Warto zastanowic sie, czy taka forma aktywnosci fizycznej bytaby odpowiednia
réwniez dla mezczyzn albo dla os6b starszych oraz czy mogtaby zrownowazy¢ ubytek
rezerw fizjologicznych powstajacych na skutek procesu starzenia sie.

Wyniki badan projektu z zastosowaniem réznych form treningu marszowego wykaza-
ty wysoka skuteczno$¢ prozdrowotng treningu NW z RSA. Na ich podstawie mozna przy-
puszczaé, ze stosowanie u kobiet w okresie postmenopauzalnym ¢wiczen o charakterze
wytrzymato$ciowym z oporem moze znacznie ograniczy¢ ryzyko wystgpienia czy nasile-
nia choréb uktadu krazenia.

Kliniczna analiza pozioméw RDW-CV wraz z innymi parametrami kardiologicznymi
i biochemicznymi moze dostarczy¢ praktycznych informacji prognostycznych dotycza-
cych ryzyka choréb uktadu krazenia, efektéw leczenia czy $miertelnosci.
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ZALACZNIK 1. OSWIADCZENIA

zatacznik 9 do Wymogi dotyczqce
przygotowania autoreferatéw rozpraw
doktorskich

Mgr Katarzyna Sobczak Poznan, 12.04.2023

...............................................................................................................

Imie i nazwisko Miejscowosé, data

Dotyczy: postepowania w sprawie nadania mgr Katarzynie Sobczak stopnia doktora w dziedzinie
nauk medycznych i hauk o zdrowiu, w dyscyplinie nauki o kulturze fizycznej w Akademii Wychowania
Fizycznego w Poznaniu.

Oswiadczenie

Oswiadczam, ze m6j wktad w powstanie publikacji wchodzgcej w sktad rozprawy doktorskiej pana/i
mgr Katarzyny Sobczak zatytutowanej:

1. Assessment of respiratory function and aerobic capacity in postmenopausal women
participating in water aerobics classes. Trends in Sport Sciences, 28(3): 225-231, DO
10.23829/755.2021.28.3-7

polegat na:, rekrutacji badanych, przeglgdzie literatury, prowadzeniu programu treningowego,
zbieraniu danych, przygotowaniu publikacji, wykonaniu tabel, akceptacji ostatecznej wersji
manuskryptu

2. The Effects of Nordic Walking With Poles With an Integrated Resistance Shock Absorber on
Red Blood Cell Distribution and Cardiorespiratory Efficiency in Postmenopausal Women- A
Randomized Controlled Trial. Biology, 12 ( 2); 179, DOI: 10.3390/biology1202179

polegat na: przegladzie literatury zwigzanej z tematem badan, zbieraniu danych, przygotowaniu
publikacji, wykonaniu tabel, akceptacji ostatecznej wersji manuskryptu.

3. The Effects of 6-Month Aqua Aerobics Training on Cardiometabolic Parameters in
Perimenopausal Women—A Randomized Controlled Trial. Biology. 2023; 12(4):588.
https://doi.org/10.3390/biology12040588

polegat na: rekrutacji badanych, przegladzie literatury, prowadzeniu programu treningowego,
zbieraniu danych, przygotowaniu publikacji, wykonaniu tabel, akceptacji ostatecznej wersji

manuskryptu.

(Nalezy podac bardzo precyzyjnie opisany wktad merytoryczny w powstanie przedioZonej rozprawy
doktorskiej).
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Podpis otautora/ki
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zatacznik 9 do Wymogi dotyczgce
przygotowania autoreferatéw rozpraw
doktorskich

Dr Krystian Wochna Poznan, 12.04.2023

Imie i nazwisko Miejscowos¢, data

Dotyczy: postepowania w sprawie nadania mgr Katarzynie Sobczak stopnia doktora w dziedzinie
nauk medycznych i nauk o zdrowiu, w dyscyplinie nauki o kulturze fizycznej w Akademii Wychowania
Fizycznego w Poznaniu.

Oswiadczenie

Oswiadczam, ze méj wktad w powstanie publikacji wchodzgcej w sktad rozprawy doktorskiej pana/i
mgr Katarzyny Sobczak zatytutowanej:

1. Assessment of respiratory function and aerobic capacity in postmenopausal women
participating in water aerobics classes. Trends in Sport Sciences, 28(3): 225-231, DOI:
10.23829/7SS5.2021.28.3-7

polegat na: pomocy w opracowaniu zasad treningu fizycznego, przygotowaniu manuskryptu, akceptacji
ostatecznej wersji pracy

2. The Effects of Nordic Walking With Poles With an Integrated Resistance Shock Absorber on
Red Blood Cell Distribution and Cardiorespiratory Efficiency in Postmenopausal Women- A
Randomized Controlled Trial. Biology, 12 ( 2); 179, DOI: 10.3390/biology1202179

polegat na: przygotowaniu manuskryptu, akceptacji ostatecznej wersji pracy

3. The Effects of 6-Month Aqua Aerobics Training on Cardiometabolic Parameters in
Perimenopausal Women—A Randomized Controlled Trial. Biology. 2023; 12(4):588.
https://doi.org/10.3390/biology12040588

polegat na: pomocy w opracowaniu zasad treningu fizycznego, przygotowaniu manuskryptu, akceptacji
ostatecznej wersji pracy

(Nalezy podac bardzo precyzyjnie opisany wktad merytoryczny w powstanie przedtozonej rozprawy
doktorskiej).

Podpis wspdtautora/ki
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Dr Krzysztof Pietrusik Poznan, 12.04.2023

Imie i nazwisko Miejscowosc, data

Dotyczy: postepowania w sprawie nadania mgr Katarzynie Sobczak stopnia doktora w dziedzinie
nauk medycznych i nauk o zdrowiu, w dyscyplinie nauki o kulturze fizycznej w Akademii
Wychowania Fizycznego w Poznaniu.

Oswiadczenie

Oswiadczam, ze moj wktad w powstanie publikacji wchodzacej w sktad rozprawy doktorskiej panal/i
mgr Katarzyny Sobczak zatytutowanej:

1. Assessment of respiratory function and aerobic capacity in postmenopausal women
participating in water aerobics classes. Trends in Sport Sciences, 28(3): 225-231, DOI:
10.23829/75S.2021.28.3-7

polegat na: pomoc w opracowaniu i realizacji procesu treningowego.

(Nalezy podac bardzo precyzyjnie opisany wktad merytoryczny w powstanie przedfozonej rozprawy
doktorskiej).

i

‘Podpis wspotautora/ki
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zatacznik 9 do Wymogi dotyczgce
przygotowania autoreferatow rozpraw

doktorskich
Prof. dr hab.
Ryszard Strzelczyk Poznan, 12.04.2023
Imie i nazwisko Miejscowos¢, data

Dotyczy: postepowania w sprawie nadania mgr Katarzynie Sobczak stopnia doktora w dziedzinie
nauk medycznych i nauk o zdrowiu, w dyscyplinie nauki o kulturze fizycznej w Akademii Wychowania
Fizycznego w Poznaniu.

Oswiadczenie

Oswiadczam, ze méj wkiad w powstanie publikacji wchodzacej w skiad rozprawy doktorskiej pana/i
mgr Katarzyny Sobczak zatytutowanej:

1. Assessment of respiratory function and aerobic capacity in postmenopausal women
participating in water aerobics classes. Trends in Sport Sciences, 28(3): 225-231, DOI:
10.23829/7SS.2021.28.3-7

polegat na: J(OHA(,;// N OIMA(MLMW(M, [/)V@\/ZLFO'Y)% W?/l /')M/étwl?’l

(Nalezy podac bardzo precyzyjnie opisany wktad merytoryczny w powstanie przedtozonej rozprawy
doktorskiej).

Podpis wspétautora/ki
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zatacznik 9 do Wymogi dotyczgce
przygotowania autoreferatow rozpraw
doktorskich

Prof. AWF dr hab.
Katarzyna Domaszewska Poznan, 12.04.2023

Imie i nazwisko Miejscowos¢, data

Dotyczy: postepowania w sprawie nadania mgr Katarzynie Sobczak stopnia doktora w dziedzinie
nauk medycznych i nauk o zdrowiu, w dyscyplinie nauki o kulturze fizycznej w Akademii Wychowania
Fizycznego w Poznaniu.

Oswiadczenie

Oswiadczam, ze méj wktad w powstanie publikacji wchodzacej w sktad rozprawy doktorskiej pana/i
mgr Katarzyny Sobczak zatytutowanej:

1. Assessment of respiratory function and aerobic capacity in postmenopausal women
participating in water aerobics classes. Trends in Sport Sciences, 28(3): 225-231, DOI:
10.23829/7SS.2021.28.3-7

polegat na: stworzeniu koncepcji badan, doborze metod badawczych, zbieraniu danych, pomocy w
analizie wynikow badan, redakcji i nadzorze nad powstaniem publikacji, akceptacji ostatecznej wersji
manuskryptu

2. The Effects of Nordic Walking With Poles With an Integrated Resistance Shock Absorber on
Red Blood Cell Distribution and Cardiorespiratory Efficiency in Postmenopausal Women- A
Randomized Controlled Trial. Biology, 12 ( 2); 179, DOI: 10.3390/biology1202179

polegat na: stworzeniu koncepcji badan, rekrutacji badanych, doborze metod badawczych, zbieraniu
danych, pomocy w analizie wynikéw badan, redakcji i nadzorze nad powstaniem publikacji,
akceptacji ostatecznej wersji manuskryptu.

3. The Effects of 6-Month Aqua Aerobics Training on Cardiometabolic Parameters in
Perimenopausal Women—A Randomized Controlled Trial. Biology. 2023; 12(4):588.
https://doi.org/10.3390/biology12040588

polegat na: doborze metod badawczych, pomocy w analizie wynikdéw badan, redakcji i nadzorze nad
powstaniem publikacji, akceptacji ostatecznej wersji manuskryptu

(Nalezy podac bardzo precyzyjnie opisany wktad merytoryczny w powstanie przedtozonej rozprawy
doktorskiej).

~3€ Dowwastieil £~

Podpis wspdtautora/ki
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zalgcznik 9 do Wymogi dotyczqce
przygotowania autoreferatow rozpraw

doktorskich
Dr Pawel Nowinka Poznan, 12.04.2023
Imie i nazwisko Miejscowos¢, data

Dotyczy: postepowania w sprawie nadania mgr Katarzynie Sobczak stopnia doktora w dziedzinie
nauk medycznych i nauk o zdrowiu, w dyscyplinie nauki o kulturze fizycznej w Akademii Wychowania
Fizycznego w Poznaniu.

-Oéwiadczenie

Oswiadczam, ze mdj wktad w powstanie publikacji wchodzacej w sktad rozprawy doktorskiej pana/i

mgr Katarzyny Sobczak zatytulowanej:

1. The Effects of Nordic Walking With Poles With an Integrated Resistance Shock Absorber on
Red Blood Cell Distribution and Cardiorespiratory Efficiency in Postmenopausal Women- A
Randomized Controlled Trial. Biology, 12 ( 2); 179, DOI: 10.3390/biology1202179

polegat na: Metodycznym opracowaniu badania kardiologicznego, wykonaniu oraz interpretaciji
wynikéw badan kardiologicznych, akceptacji ostatecznej wersji manuskryptu. '

(Nalezy poda¢ bardzo precyzyjnie opisany wkiad merytoryczny w powstanie przedfozonej rozprawy

oud Wouia

Podpis wspétautora/ki

42

ROZPRAWA DOKTORSKA

AWF



AWF

zalacznik 9 do Wymogi dotyczqce

przygotowania autoreferatéw rozpraw
doktorskich

Dr Katarzyna Antosiak-Cyrak Poznan, 12.04.2023

Imie i nazwisko

.......

Miejscowo$é, data

Dotyczy: postepowania w sprawie nadania mgr Katarzynie Sobczak stopnia doktora w dziedzinie

nauk medycznych i nauk o zdrowiu, w dyscyplinie nauki o kultyrze fizycznej w Akademii Wychowania
Fizycznego w Poznaniu.

Oswiadczenie

Oéwiadczam, ze méj wkiad w powstanie publikacji wehodzacej w sklad rozprawy doktorskiej pana/i
mgr Katarzyny Sobczak zatytutowanej:

1. The Effects of 6-Month Aqua Aerobics Training on Cardiometabolic Parameters in

Perimenopausal Women—A Randomized Controlled Trial. Biology. 2023; 12(4):588.
https://doi.org/10.3390/biology12040588

polegat na:

udziale w napisaniu manuskryptu w zakresie znaczenia aktywnosci fizycznej w
érodowisku wodnym.

(Nalezy podac bardzo precyzyjnie opisany wkiad merytoryczny w powstanie przedfozonej rozprawy

doktorskiej).
W‘Gﬁd Z( S 67 /et Q

Podpis wspétautora/ki

ROZPRAWA DOKTORSKA 43



ZALACZNIK 2. PUBLIKACJE

ORIGINAL ARTICLE

TRENDS in

Sport Sciences

2021; 28(3): 225-231

ISSN 2299-9590

DOT: 10.23829/TSS.2021.28.3-7

Assessment of respiratory function and aerobic capacity
in postmenopausal women participating in water aerobics classes

KATARZYNA SOBCZAK!', KRYSTIAN WOCHNA', KRZYSZTOF PIETRUSIK!,
RYSZARD STRZELCZYK? KATARZYNA DOMASZEWSKA?

Abstract

Introduction. Respiratory function is subject to the aging process,
similarly to that of multiple other systems. Regular aquatic
exercise favors physical development, and improves circulation
and respiration, as well as overall health. Aim of Study. The
purpose of the study was to assess the impact of a 12-week training
program involving water aerobics on respiratory system function
and aerobic capacity in post-menopausal women. Material and
Methods. The study included 30 women (21 in the study group,
9 controls). Women in the study group participated in supervised
water aerobics classes, twice a week for 3 months. At the beginning
and end of the study, all the women underwent a spirometry test
and an exercise test by an ergometer. Results. An analysis of changes
after the training program demonstrated a significant increase
of the maximal aerobic capacity in the study group (p < 0.05).
No significant changes were found in spirometry indicators (VC)
or airflow parameters in the large and small airways (MEF,_,
MEF, ) following a 12-week water aerobics program. Conclusions.
The implemented training program for healthy postmenopausal
women did not improve the spirometry indicators studied, and
the observed aerobic capacity increase likely resulted from
improved circulatory and metabolic performance that determines
an individual’s exercise tolerance and health.

KEYWORDS: spirometry, postmenopausal women, maximum
oxygen uptake.
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Introduction

ealth is a major component of the quality of life

(QoL), especially in older individuals. In an aging
society poor health and deteriorating QoL are major
problems that interfere with an individual’s functioning
in the society. Maintenance of good health and QoL is
the primary consideration for elderly individuals who
undertake exercise [10].
Respiratory function, which is required for supplying
oxygen to the muscles, is subject to the aging process,
similar to that of multiple other systems. This process
may have individually varying dynamics and health
consequences and it is affected by multiple factors that
may be beyond an individual’s control. Lung aging
results from physiological changes that occur in the body
with age, the history of disease and environmental factors
associated with lifestyle [22]. While total lung capacity
(TLC) remains largely unchanged, residual volume
(RV) increases, whereas vital capacity (VC) decreases
with age. RV increases, while expiratory reserve volume
(ERV) decreases in elderly patients. In (non-smoking)
women older than 45 years peak expiratory flow (PEF)
drops by approx. 2.5 mL/year. Forced expiratory volume
in one second (FEV ) decreases by 17.7 + 1.4 mL/year
on average in individuals aged 40-49, and by 37.1 +
+ 2.1 mL/year in those aged 60-79 [18].
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In older age the metabolic cost of respiration increases
both at rest and during exercise. This increases oxygen
use, while its supply is restricted by lung aging, which
in many cases leads to quick onset of dyspnea even with
low-intensity exercise. In physically fit individuals this
point moves towards greater exercise intensity [18].
Physical fitness is a product of multiple factors, including
physiological, biochemical and psychological ones.
Contributors to better fitness include good respiratory,
circulatory and metabolic functions associated with
muscular effort. Physical fitness changes as a result of
training and is affected by an individual’s sex and age.
As women typically have a greater body fat percentage,
smaller heart and lungs, as well as lower hemoglobin
levels, their VO,max is approximately 10-12% lower
than that of men. Greater physical fitness allows one to
perform the same work with the same load at a lower
energy expense. One parameter used in the assessment
of the body’s aerobic capacity is the maximum oxygen
uptake (VO,max). VO max is largely determined by
genetic factors and its most intensive development
occurs by the age of 16 in girls and by the age of 20 in
boys. The parameter then stabilizes until the age of 30,
followed by a decrease by approx. 0.75% annually
due to aging processes in the body. A rapid decrease,
exceeding 20% per decade, is observed in individuals
older than 70 years. The rate of this decrease depends
on one’s exercise levels and the VO, max value achieved
by the age of 25-30. The parameter increases with
endurance training, by up to 10-30%. Regardless of age,
the greatest gain is observed in individuals with a low
physical fitness level who are then subjected to guided
physical training. In individuals with a high aerobic
capacity, the VO,max increase with training may only
reach several percent [1, 25].

Literature provides evidence for the positive impact of
aquatic exercise on circulatory function [11, 12, 21].
If the chest is completely immersed in water during
exercise, the work of respiratory muscles increases
to overcome the resistance of water resulting from its
density and hydrostatic pressure. Therefore, the impact
of water aerobics training on the static and dynamic
respiratory parameters occurs constantly, with the
relevant spirometry parameters expected to change
accordingly. Regular aquatic exercise favors physical
development, improves circulation and respiration [4],
as well as overall health [3, 26].

Aim of Study

The purpose of the present study was to determine the
effectiveness of a 3-month training program involving
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water aerobics in terms of improvement of respiratory
function and aerobic capacity in post-menopausal
women participating in the program as compared to
controls.

Material and Methods

Participants

Subjects were recruited by advertisements in local
media and at educational events and were qualified to
participate in the project based on medical history and
cardiology tests. The following exclusion criteria were
applied (presence of at least one of the factors listed
below): diseases of the locomotor system preventing
independent movement, giant obesity, active or post
cancerous disease (ongoing radiation or chemotherapy
treatment), liver diseases (ALT > 3 x borderline) except
for liver disease, chronic kidney disease (eGFR < 30 mL/
1.73 m*min), acute inflammation (CRP > 5 mg/dL),
unstable ischaemic heart disease, after an ischaemic
or haemorrhagic stroke (<6 months), post-STEMI
(ST-elevation myocardial infarction) women with
a drug-eluting stent implantation, NSTEMI (non-
ST-elevation myocardial infarction) (<12 months),
inherited metabolic disorders (phenylketonuria and
galactosaemia), autoimmune diseases (an acute
thyroiditis, celiac disease, systemic connective tissue
disease, haemolytic anaemia, vitiligo, Addison’s disease,
hyperbilirubinaemia), non-specific enteritis (Crohn’s
disease and ulcerative colitis), psychological disorders,
antibiotic therapy, steroid therapy (ongoing), drug and
alcohol addiction (a daily consumption of more than
1 portion of alcohol).

The study included 52 women randomly assigned to
the study group (n = 26) or the control group (n = 26).
Randomization was performed by simple random
allocation; all subjects’ identifiers were sent to a person
with no further relationship to the study, who performed
the randomization blindly using a computer list. All
subjects were Caucasian and specifically, belonged to the
native Polish population from the Greater Poland region.
The subjects were asked for the entire study period not to
change their dietary habits and not to engage in any new
physical activity beside that provided for in the study
protocol. Individuals with chronic illnesses restricting
their ability to engage in aquatic exercise or constituting
a contraindication to spirometry were excluded from
the study. Five women (study group) dropped out from
the project due to non-completion of the minimum
required number of training sessions. Seventeen women
(control) withdrew during the study. Ultimately, the
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Table 1. Participants’ anthropometric characteristics

Age Height Weight — pre

Weight — post

BMI - pre BMI — post

Group (years) (cm) (ke) (ke) z (kg/m’) (kg/m?) z
s“(lr‘jy:gzrl")“p 6320+4.72 158.05+4.81 7320+22.11 72.01£2042 234%  2893+750 28.67£7.22 173
Control group o) 174 366 161394658 748141228 7320+ 1201 196  28.63+383 28124362 177

n=9

Data are presented as means + standard deviations
*p<0.05

analyses included 30 subjects (study group n = 21,
control group n = 9). The groups were heterogeneous
in terms of anthropometric characteristics, such as
body weight, height and age (Table 1). All participants
consented to participate in the study and were informed
about its voluntary nature, objectives, benefits and
course. The study was conducted in accordance with
the Declaration of Helsinki and the National Statement
and Human Research Ethics Guidelines, and approved
by the IRB (Institute for Research in Biomedicine)
at the Poznan University of Medical Sciences (2017-
12-17; Ethics Approval Number 1224/17). The study
was performed between April and October 2017 in
an accredited endurance test laboratory of the Poznan
University of Physical Education.

Anthropometric measurements, respiratory function and
aerobic capacity testing

Anthropometric measurements and spirometry tests were
performed twice, at the same time of day. The first tests
were performed in January and the second —in June of the
same year. Body weight and height was measured using
a certified Radwag device (Radom, Poland), accurate to
0.01 kg for weight and 0.5 cm for height.

Pulmonary function test

Pulmonary function was evaluated by conventional
spirometry using a spirometer (PDD-301/s, Piston,
Budapest, Hungary). Direct evaluation was performed
for lung volumes, capacities and flows through the
procedures of Slow Vital Capacity (SVC) and Forced
Vital Capacity (FVC) performed in this order at least
three times each, in accordance with the standards of
the American Thoracic Society (ATS) and the European
Respiratory Society (ERS), with the patient in a seated
position. Results were expressed as absolute values and
as percentages of the reference predicted values from
Pereira [16]. The SVC procedure was used to obtain
vital capacity (VC). The FVC procedure allowed to
determine forced expiratory volume in one second
(FEV)), FEV /FVC ratio, MEF__, and MEF_ [16].

Vol. 28(3)
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Aerobic capacity evaluation

Aerobic capacity was assessed with the modified
Astrand-Ryhming protocol to predict VO,max using
a Kettler DX1 Pro ergometer (Ense-Parsit, Germany),
while heart rate (HR) was monitored using a Polar A-5
pulse meter (Polar Electro Oy, Kernpele, Finland) [5].
The predicted VO, max was read from the nomogram [1,
2] or accompanying tables [2] and multiplied by both
the Astrand and the von Dobeln age correction factors.
These two predictions in L/min were then converted to
mL/kg/min [2, 5].

Training program

The project lasted for 3 months, with training sessions
twice a week. Exercises were performed in deep water
and participants wore flotation belts, with no contact
with the bottom of the pool. The trainer was in the pool
as well, clearly demonstrating each exercise. Various
types of resistance equipment were used [27].

A single unit of training was 45 minutes long. It included
in sequence: warm up exercises, cardio warm up, the
main aerobic and strengthening portion, and cool down
(Table 2). The training program comprising 24 units was
developed based on water aerobics method guidelines
and adjusted to the participants’ level of ability. Heart
rate was measured using the Polar A-5 pulse meter
(Polar Electro Oy, Kernpele, Finland) [17, 19, 28].

Statistical analysis

Descriptive data were expressed as mean values and SD.
Distribution normality was tested using the Shapiro—
Wilk test. In order to calculate the significance of
changes in the parameters studied, the nonparametric test
of pairs by Wilcoxon was performed. The significance
of differences between the study and control groups was
calculated using the Mann—Whitney U-test. Spearman’s
rank analysis was applied to calculate correlation
coefficients. Findings were considered statistically
significant at p < 0.05. The obtained results were
analyzed statistically using the Dell Inc. (2016) Dell
Statistica 13 software (Tulsa, Oklahoma, USA).
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Table 2. Water aerobics program

Week / equipment Part of the class Exercises Intensity Frequency
warm up  walking in place 2 times
(5 min)  arm exercises in multiple planes per week

running in place

cardio warmup ¢ running in multiple directions
(5 min) » arm exercises with multiple hand positions

movement exercises in multiple directions

(1) no equipment main portion

arm exercises in multiple directions and within

40-50% HRR

(2) long pool noodle aerobic/ different ranges (pushing, pulling) 40-50% HRR
(3) short pool noodle strengthening  « leg exercises (single and double leg raises, jumps,  50-60% HRR
(4) BEtomic (30 min) jumping jacks, scissors, grounded, elevated) 50-60% HRR
(5) aquadisc  coordination exercises 50-60% HRR
(6) gloves « lying front and lying back exercises 60-65% HRR
(7) cuffs * position change exercises 60-65% HRR
(8) happy flower cool down « stretching and relaxing exercises 60-65% HRR
(9) big wave bells (5 min) 65-70% HRR
(10) punches 65-70% HRR
65-70% HRR
Results In both groups there was a decrease of body weight

The descriptive characteristics of the participants
(study and control groups) are shown in Table 2. The
circulatory and respiratory function and -capacity
parameters studied are given in Table 3. All the
parameters studied were measured at the start of the
training program and immediately after its completion,
in line with measurement standards.

Table 3 shows changes in the parameters studied after
the training program in the study group and in controls,
as well as differences in the change rates between the
two groups.

between the two tests (p < 0.05), without a significant
change in BMI (Table 1). An intra-group analysis
of changes after the training program demonstrated
a significant increase of the maximal aerobic capacity
in the study group (p < 0.05). No significant changes
were found in spirometry indicators (VC) or airflow
parameters in the large and small airways (MEF_,
MEF, ) following the 12-week water acrobics program
(Table 3).

Spearman’s R correlation analysis demonstrated a negative
correlation between the post-training change in body

Table 3. Results of two exercise and spirometry tests for the study group and controls

Variable Pre Post Z-value Change
VO, max study group 30.69 + 7.66 3237+7.81 2.80% 1.68 +2.56
(mL/kg/min) control group 27.31+0.79 30.04 +5.80 1.48 2.73+£5.67
vC study group 2.88+0.34 2.89+0.38 1.50 0.22 +0.63
(L/min) control group 2.52+0.44 2.52+0.50 0.40 0.04+0.21
FVC study group 2.82+0.43 2.86+0.42 0.23 0.05+0.28
(L/min) control group 2.55+0.42 2.72+0.52 1.78 0.07 +0.08
FEV, study group 2.45+0.34 2.41+0.34 0.45 0.00+0.18
(L/min) control group 2.21+0.30 2.31+0.42 0.31 0.02+0.12
. study group 85.74 +7.58 83.71 +4.82 0.68 -0.59+7.71
FVCVC (L/min) control group 86.70 4 5.62 8553+ 8.11 0.94 ~0.65+7.87
MEF study group 550+ 1.18 5.18 £1.02 1.48 0.16 £1.79
(L) control group 4.75+0.59 536+0.92 0.94 0.34+0.95
MEF,; study group 3.63+0.98 3.15+£0.72 1.48 -0.31+0.72
(L) control group 3.60 + 0.69 3.59 +0.88 0.94 —0.02 +0.44
Data are presented as means =+ standard deviations
*p<0.05
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Table 4. Spearman’s rank correlation coefficient for changes
in selected anthropometric and spirometric parameters and
changes in aerobic capacity in both groups

AVO,max study AVO,max control
group group
sl oo
AVC rp:? 71202070 r=-1.000
oVt p-o08as6 p— o s4d
e o
e e e
AMER, TS0 yoom
AMEE, L 0m  posee

weight and the aerobic capacity in the study group only
(Table 4).

Discussion

The purpose of the study was to evaluate the effectiveness
of water aerobics training in terms of circulatory and
respiratory function and aerobic capacity in healthy
post-menopausal women. Endurance training improves
respiratory system function by increasing chest mobility,
respiratory muscle strength and the diffusing capacity of
the lungs. This is associated with an increased ventilation
to perfusion ratio and increased blood flow to the upper
lungs. The strengthening of chest musculature with
endurance training additionally contributes to better
posture, as postural muscles are also strengthened. The
respiration mechanism also becomes more economic, as
the respiratory volumes increase while the respiratory
rate decreases. In the present study no improvement of
respiratory function was observed following a 12-week
training program. The lack of effectiveness of aquatic
training programs with a similar duration was already
described by Janyacharoen et al., who found no change
in the basic spirometry parameters (VC and FEV /VC)
in their subjects [6].

The lack of statistically significant improvement in
respiratory function is likely due to participants’ good
respiratory health. Out of the 30 women included in
the project only 2 had moderate signs of restrictive
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disease. Spectacular improvements of VC and FEV /
VC following aquatic exercise were described in
patients with obstructive and restrictive lung disease.
Literature includes a number of cases where respiratory
function did improve with aquatic endurance training.
In Jung et al. there was a significant improvement of
spirometry parameters in patients with spinal cord
injury [7]. Lung function in patients with cervical spinal
cord injury is mainly impaired due to respiratory muscle
weakness, while in patients with chronic obstructive
pulmonary disease — due to airway obstruction. In
their study Nolasco et al. demonstrated that vitamin D
supplementation was associated with improved spirometry
parameters in post-menopausal women, irrespectively
of participation in a water aerobics training program
[14]. Song and Kim also observed an improvement
in spirometry parameters in a group of patients with
a history of stroke, participating in aquatic exercise as
part of their physical therapy [23].

The benefits of aquatic exercise are evidenced by
multiple studies, including that by Nuttamonwarakul.
The study showed that aquatic exercise resulted in
improved blood glucose and lipid levels and reduced
cardiovascular risk in older patients with type 2 diabetes
[15]. Neiva demonstrated that training of the same
duration as that applied in the present study leads to
increased muscular strength, especially with regard
to upper extremity muscles. It also reduced body fat
content and systolic blood pressure [13]. In their study
Sarojini et al. reported that this type of training improved
muscle flexibility and overall physical fitness [20]. In
literature, there are also reports on the effectiveness of
such training in terms of changing participants’ lean
body mass, muscle mass, and body fat weight [9].
Findings by multiple authors warrant the conclusion
that aquatic exercise does contribute to better physical
fitness and function in participants of various ages [8,
24]. In most cases fitness levels were evaluated indirectly,
through aerobic capacity measurement, simple walking
tests or the Senior Fitness Test.

In the present study the participants’ aerobic capacity
values increased independently of any changes in body
weight. Both in the study group and in controls there was
astatistically significantdecrease inbody weight. Therefore,
it is likely that neither body weight nor respiratory function
was the main contributor to the observed significant
increase in aerobic capacity among the women studied.
These findings warrant the conclusion that the circulatory
and respiratory fitness of healthy older women engaging in
water aerobics is modified by circulatory and metabolic
changes in the muscles.
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Conclusions

Exercise contributes to better health and physical fitness
in individuals of various ages and various fitness levels.
The aging process undoubtedly contributes to a decrease
of the body’s functional reserve and affects exercise
tolerance. Aquatic exercise is safer than other proposed
forms of exercise that are performed on land, as the
aquatic environment is load-reducing, which prevents
injuries.The implemented training program for healthy
post-menopausal women did not improve the spirometry
indicators studied, while the observed aerobic capacity
increase likely resulted from improved circulatory and
metabolic performance that determines an individual’s
exercise tolerance and health. Presumably, greater
benefits in terms of spirometry parameters could be
expected after water aerobics training in individuals
with reduced respiratory function. Therefore, further
research should concentrate on the analysis of the impact
of this form of training on the respiratory functions
of people with respiratory failure caused of the aging
process, COPD, emphysema or changes caused by
SARS-CoV-2 virus infection.

The limitation of the study is a small sample size,
especially in the control group. The duration of
the project between April and October resulted in
exclusions from the study, because women participated
in additional physical activity beyond the one carried
out in the research project.
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Simple Summary: During the ageing process, a number of changes in body systems and structures
occur. Age-related reduction in exercise capacity is manifested by a rapid development of fatigue
and reduced exercise activity. Independent authors have confirmed the adverse prognostic value of
red blood cell distribution width (RDW-CV), both as an independent factor and in correlation with
other parameters, in heart failure, coronary heart disease and myocardial infarction, and chronic
obstructive pulmonary disease (COPD). Physical exercise, which can be used by people of all ages as
a therapeutic method, improves and helps to maintain cardiorespiratory fitness and fatigue tolerance
and is a means to maintain the health and functional performance of older people. Different types
of physical exercise result in different post-training adaptations. There is increasing research on the
positive impact of combined endurance and resistance training on physiological parameters and
health. The aim of our study was to examine the impact of Nordic walking training with classic
poles (NW) and NW training with poles with an integrated resistance shock absorber (NW with
RSA) on RDW-CV levels and to assess correlations between RDW-CV levels and cardiorespiratory
performance in postmenopausal women.

Abstract: Background: Age-related reduction in exercise capacity is manifested by a rapid develop-
ment of fatigue. Research confirmed the adverse prognostic value of red blood cell distribution width
(RDW-CV), an independent factor in heart failure, coronary heart disease and myocardial infarction.
Physical exercise improves and helps to maintain cardiorespiratory fitness. The aim of our study was
to examine the impact of 8 weeks” Nordic walking training with classic poles (NW) and NW training
with poles with an integrated resistance shock absorber (NW with RSA) on RDW-CV levels and to
assess correlations between RDW-CV levels and cardiorespiratory performance in postmenopausal
women. Methods: In this study, 32 postmenopausal women (NW-16, NW with RSA-16) partici-
pated in eight weeks of walking training. The mean age of women was 66.56 & 4.23 year. and BMI
26.99 + 3.86 kg/m?. At the beginning and at the end of the study, spirometry and exercise tests were
performed. Haematological parameters were determined in the venous blood. Results: Statistical
analysis of differences in post-training changes in the parameters between the groups studied showed
a significant difference in change in body weight (Abody weight) (p < 0.05; ES: 0.778), BMI (ABMI)
(p < 0.05; ES: 0.778), waist circumference (AWC) (p < 0.05; ES: 1.225) and (ARDW-SD) (p < 0.05; ES:
1.215). There were no changes in electrocardiographic and spirometric parameters. Conclusions:
Based on the findings from the present study, it can be assumed that endurance and resistance exercise
can significantly reduce disease severity and mortality. A clinical analysis of RDW levels, together
with other cardiological and biochemical parameters, can provide practical prognostic information
relating to cardiovascular disease, mortality risk and treatment outcomes.
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1. Introduction

During the ageing process, a number of changes in body systems and structures occur.
They result in progressive loss of physiological reserve, a process known as homeosteno-
sis, which makes older people more susceptible to disease. The age-related reduction in
exercise capacity is manifested by a rapid development of fatigue and reduced exercise ac-
tivity. The impaired cardiorespiratory fitness observed in older people, including our study
participants, undoubtedly results from age-related changes in left ventricular filling, left
atrial hypertrophy, prolonged contraction and relaxation of the left ventricle and reduced
inotropic, chronotropic and bathmotropic responses to 3-adrenergic stimulation [1,2]. As
regards the respiratory system, a reduction in forced expiratory volume in one second
(FEV4), forced vital capacity (FVC) and respiratory muscle strength and an increase in
residual volume (RV) can be observed. Moreover, partial oxygen pressure (PaO,) decreases
(according to the following formula: 100 — (0.32 x age)) as a result of poor matching
between pulmonary ventilation and alveolar perfusion [3,4]. The reduced oxygen con-
sumption capacity observed in older people can also be a consequence of the age-related
reduction in bone marrow capacity and anaemia of the elderly. Sarcopenia and reduced
muscle mitochondrial capacity lead to impaired muscle strength and endurance. Reduced
oxygen uptake and utilisation at rest and during physical activity results in reduced effec-
tiveness of aerobic muscle metabolism and occurrence of the negative effects of anaerobic
adenosine triphosphate (ATP) resynthesis [5,6]. The mechanism of hypoxia is of interest
to many researchers due to its significant impact on the body’s metabolic processes and
lifespan. Changes associated with the natural ageing process accumulate, leading to cellular
and tissue dysfunction and failure. Age-related anatomical and physiological changes
impair the functioning of the entire body.

Cardiovascular disease is the leading cause of death in Poland, accounting for 46% of
all deaths. This is a similar rate to that seen in other European countries. The problem today
is Poland’s high incidence of cardiovascular diseases—it is 50% higher compared to western
European countries [7,8]. Prognostic indicators for poor outcomes in patients with heart
disease include: low left ventricular ejection fraction (LVEF), tachycardia, hypotension,
low maximal oxygen uptake (VOomax), age, ischaemic myocardial damage, high serum
N-terminal pro-brain natriuretic peptide (NT-proBNP) levels, renal failure, diabetes and
anaemia [9,10]. In addition, recent years have witnessed increasing focus placed on the
prognostic value of RDW-CV in assessing morbidity risk [11,12]. The greater the anisocyto-
sis (i.e., variation in the size of red blood cells), the higher the RDW-CV values. Independent
authors have confirmed the adverse prognostic value of RDW-CV, both as an independent
factor and in correlation with other parameters, in heart failure [13,14], coronary heart
disease [15,16] and myocardial infarction [17,18]. RDW-CV has also been used to monitor
patients with ischaemic stroke [19,20], chronic obstructive pulmonary disease [21,22] and
renal failure [23,24]. RDW-CV values >14.5% have been found to be associated with poor
prognosis in patients with these conditions. In clinical studies, elevated RDW-CV levels
were found to be highly correlated with such factors as age and sex. Increased anisocytosis
is more common in older people, especially women [23,25,26].

Numerous prospective and retrospective studies have shown that changes in the
size of red blood cells have a major impact on the severity of cardiovascular diseases
caused by changes in blood flow through blood vessels. The changes are more pronounced
in obese patients with lipid disorders. Ananthaseshan et al. found in their study that
changes in blood flow caused by erythrocyte anisocytosis lead to interactions between
morphotic elements and the vascular endothelium, which results in overexpression of
adhesive molecules and development of inflammation in the vascular wall [27]. Most
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clinical complications associated with high RDW-CV levels result from atherothrombotic
events caused by platelet activation. Therefore, therapeutic weight loss, improvement
of lipid profile and reduction of inflammation should reduce RDW-CV levels and thus
improve cardiorespiratory fitness in older people, including our study participants [28].

Physical exercise, which can be used by people of all ages as a therapeutic method,
improves and helps to maintain cardiorespiratory fitness and fatigue tolerance and is a
means to maintain the health and functional performance of older people. Statistics show
that by 2035, the proportion of people aged over 65 will have increased by approximately
10%, which will probably result in an increase in the social costs relating to the treatment
and rehabilitation of older patients with chronic conditions. Therefore, maintaining the
health and functional performance of older people is important [29,30]. It should be noted
that a lack of physical activity is the fourth leading risk factor for mortality worldwide.
Data show that approximately one-third of the global adult population are physically
inactive [31,32]. There is increasing evidence for the importance of different forms of
physical activity as effective geroprotective interventions. The intensity and type of exercise
should be tailored to each individual’s health and exercise tolerance. Different types of
physical exercise result in different post-training adaptations. Endurance training improves
cardiorespiratory fitness, just as resistance training reduces blood pressure, improves lipid
profile and helps to restore and maintain muscle mass and physical fitness in older age.
There is increasing research on the positive impact of combined endurance and resistance
training on physiological parameters and health [33,34].

One of the new forms of training is NW with RSA, which combines aerobic and
strength training. An elastic tape between two permanent elements in poles with a re-
sistance shock absorber (RSA) provides additional resistance by increasing the overall
intensity of exercise. In their study, Marciniak et al. showed that compared with NW
training with traditional poles, NW training with RSA poles improves muscle strength and
endurance through increased activity of the muscles directly involved in the exercise and
an approximately 20% higher exercise oxygen consumption [35,36].

The aim of the study was to examine the impact of NW training with classic poles (NW)
and NW training with poles with an integrated resistance shock absorber (NW with RSA)
on RDW-CV levels and to assess correlations between RDW-CV levels and cardiorespiratory
performance, echocardiography and spirometry parameters in postmenopausal women. A
literature review indicates that this is the first study to examine such correlations.

2. Materials and Methods
2.1. Participants

Initially, 50 women aged 60-75 were recruited for the study based on their medical
history and cardiology tests. The cardiological assessment involved taking the candidates’
medical history, including history of cardiovascular disease and medication, blood pres-
sure measurement, a 12-lead electrocardiogram and echocardiogram examination. The
inclusion criteria for the study project were normal blood pressure, BMI < 30 kg / m2, age
over 60 years, and postmenopausal period. The following exclusion criteria were applied
(presence of at least one of the factors listed below): diseases of the locomotor system
preventing independent movement, morbid obesity, active or post cancerous disease (on-
going radiation or chemotherapy treatment), liver diseases (ALT > 3 x borderline), chronic
kidney disease (eGFR < 30 mL/1.73 m?/min), acute inflammation (CRP > 5 mg/dL), un-
stable ischaemic heart disease, after an ischaemic or haemorrhagic stroke (<6 months),
post-STEMI (ST-elevation myocardial infarction) women with a drug-eluting stent im-
plantation, NSTEMI (non-ST-elevation myocardial infarction) (<12 months), respiratory
diseases (chronic obstructive pulmonary disease (COPD), pulmonary hypertension), in-
herited metabolic disorders (phenylketonuria and galactosaemia), autoimmune diseases
(celiac disease, systemic connective tissue disease, haemolytic anaemia, vitiligo, Addison’s
disease, hyperbilirubinaemia), non-specific enteritis (Crohn’s disease and ulcerative colitis),
psychological disorders, antibiotic therapy, steroid therapy (ongoing), drug and alcohol
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addiction (a daily consumption of more than 1 portion of alcohol). The research project was
a randomized controlled trial (RCT study). After the initial qualification (n = 10), women
were resigned from participation in the research project. On the first date, 40 women
turned up for the study. Randomisation was performed as simple random allocation; each
subject’s identifier was forwarded to a person who was not involved in the conduct of the
study, and who performed blinded randomisation using a computer list. The researchers
asked participants to maintain their current diet and physical activity levels. On the second
date, 32 women (NW-16, NW with RSA-16) came forward for testing. Five women did not
participate in the required number of training sessions (<80%), and three women started
participating in additional physical activity during the study design period.

The Institute for Research in Biomedicine (IRB) at the University of Poznan Medical
School has given its approval for the study (7 February 2019; Ethics Approval Number:
245/19). The study was conducted according to the Declaration of Helsinki and the
National Statement and Human Research Ethics Guidelines. Respondents were informed
of the details of the research programme and the possibility of opting out at any stage.
Written consent was obtained from each subject.

2.2. Anthropometric Measurements

All measured parameters were evaluated both at baseline and after exercise interven-
tion. A standard measuring technique was used to take anthropometric measurements;
height was measured with an anthropometer (accuracy & 1 mm) and body weight was
measured with a digital scale (100 g) with the use of the WPT 60/150 OW medical scales
(Radwag®, Radom, Poland). BMI and body fat mass (FAT) were determined using the
bioimpedance method (BIA) (TANITA MC-980MA, Tokyo TANITA, Japan). In the analysis,
the manufacturer’s suggestions regarding accuracy and correctness of measurements were
applied. Waist circumference was measured horizontally using a tape measure with a
measurement accuracy of 1 cm.

2.3. Exercise Test

The surveys were conducted between the 13 of February 2019 and the 17 of April
2019 in the morning. The exercise test was performed in a certified exercise laboratory 2 h
after breakfast. The breakfast was the same for all female participants in terms of calories
and composition. Maximal oxygen uptake was assessed using the modified Astrand-
Rhyming protocol with the use of the Kettler DX1 Pro ergometer (Ense-Parsit, Germany),
whereas heart rate (HR) was monitored using the Polar A-5 pulse meter (Polar Electro Oy,
Kernpele, Finland) [37]. The predicted VOymax was read from the nomogram (Astrand
1954) or accompanying tables and multiplied by the Astrand and von Dobeln age correction
factors [38].

2.4. Pulmonary Function Test

The pulmonary function was carried out by conventional spirometry using a spirome-
ter (Cosmed, Rome, Italy). Direct evaluation was performed for lung volumes, capacities
and flows through the procedures of Slow Vital Capacity (SVC) and Forced Vital Capacity
(FVC) in accordance with the standards of the American Thoracic Society (ATS) and the
European Respiratory Society (ERS), with the patient in a seated position [39]. Spirometric
examinations were carried out twice, i.e., at the beginning of the follow-up and at the end
of the follow-up. Results of vital capacity (VC), ratio of the forced expiratory volume in the
first one second to the forced vital capacity of the lungs (FEV; /FVC), maximal expiratory
flow at 75%, 50%, and 25% of the FVC (MEF;5, MEF5; and MEF,s5) are shown as % of
reference value [40].

2.5. Resting Transthoracic Echocardiogram

Echocardiogram examination was carried out using the General Electric VIVID T8
(General Electric Medical Systems, Vivid T8 Pro, Haifalsrael) with a 1-4 MHz transducer.
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The study protocol included assessment of heart chambers and heart function in accordance
with the recommendations of the European Association of Echocardiography [41]. The
hemodynamic parameters for heart valve flow were measured using continuous and pulsed-
wave Doppler. In addition, septal and lateral mitral annular velocities were measured in an
apical four-chamber view using tissue Doppler imaging. The following parameters were
determined: peak A: late diastolic mitral inflow velocity (A), peak E: early diastolic mitral
inflow velocity (E), and peak E': early diastolic mitral annular velocity (E’). The E/E’ and
E/A ratios were then calculated using the values obtained. Blood pressure at baseline and
8 weeks was measured using an automated device by a cardiologist.

2.6. Morphological Blood Test

On each of the test dates, 10 mL of venous blood samples were taken from the ulnar
vein at rest (fast for 12 h before a blood test; 7:00 a.m.) using an S-Monovette syringe
(Sarstedt, Niimbrecht, Germany). Haemoglobin (HGB) concentration, haematocrit (HCT)
value, total erythrocyte count (RBC), leukocyte count (WBC), red cell distribution width-
coefficient of variation (RDW-CV) were measured immediately after blood collection and
the samples were analysed with the use of the MYTHIC 18® haematology analyser (PZ
Cormay SA, Lomianki, Poland).

2.7. Training Programme

The training program was created based on the American College of Sports Medicine
(ACSM) guidelines for older people in good health condition and lasted 8 weeks (16 training
sessions, twice a week). Women were assigned to two groups based on the type of poles
used: classic poles (NW group) and RSA poles (RSA group). The RSA group used poles
with an integrated RSA with an elastic resistance of 4 kg (Slimline Bungy Pump, Sports
Progress International AB, Vasternorrland, Sweden). Both groups of women, participated
in training sessions at the same time under the supervision of a qualified physiotherapist
certified to conduct gymnastics for the elderly with appropriate qualifications from the
International Nordic Walking Association. Each training session began with a warm-up
that lasted 10-15 min. Then, the women performed walking training over a distance of
approximately 4 km. After each half of the planned distance (approximately 1.7-2.2 km, at
a pace of approximately 1 km per 10 min), participants performed strength exercises and
balance training (15 min). During the training program, the walking distance gradually
increased, from 3.5 to 4.5 km with speed of approximately 1.5 km/15 min. Exercise
intensity was measured using a heart rate monitor (Polar Electro Oy, Kernpele, Finland)
and increased from 50% to 70% HRR. The training took place in a city park; the subjects
walked along the inner lanes of the park, on varied ground. The training programme has
been described in two earlier publications [35,36].

2.8. Statistical Analysis

Group size was calculated based on value of VOyp, results from the Madden et al.
publication, which is methodologically similar to our project [42]. After calculations using
a power (1-beta probability of error) of 95%, an effect size of 0.90 and an alpha error of
0.05 (two-sided), seven female participants were allocated to each group (four NW and
four NW with RSA), ensuring equal allocation between groups. Therefore, the study
started with 32 women randomly divided between the NW (n = 16) and NW with RSA
(n = 16) groups. The Shapiro-Wilk test was used to calculate the normality of the data
distribution. For variables with non-normal distributions, the Mann-Whitney U test and
Wilcoxon test were used to assess the significance of differences between groups and study
dates, respectively. Spearman rank analysis was used to calculate correlation coefficients.
For significant changes, effect size (ES), according to Cohen’s criteria, an effect size >0.20
and <0.50 was considered small, an effect size >0.50 and <0.80 was considered medium
and an effect size >0.80 was considered large [43]. Dell Statistica software (version 13,
software.dell.com, Dell Inc., Round Rock, TX, USA) was used for calculations. Data
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are presented as means and standard deviations (SD). Statistical significance was set
atp < 0.05.

3. Results

Ultimately, the results of 32 patients were statistically analysed. The detailed anthropo-
metric characteristics and maximal oxygen uptake of the participants are shown in Table 1.
Statistical analysis of the anthropometric parameters studied, as measured on the first
test date, showed a significant difference in body weight (p < 0.05; ES: 0.734) between the
groups studied.

Table 1. The anthropometric characteristics and maximal oxygen uptake of the groups subjected to
the study.

NW (n =16) NW with RSA (n = 16)
Baseline 9 Weeks p-Value Baseline 9 Weeks p-Value

Age

(your) 65.04 (4.01) 67.62 (4.29)
Age of menopause 51.06 (4.68) 49.25 (4.34)
(year)
Body weight 0.0083
*g) 66.61 (10.42) 67.23 (11.04) 0.3636 74.49 (11.18) 73.59 (10.95) (ES: 0.981)
Body height 160.93 (6.00) 162.19 (4.14)

(cm)

BMI 0.0124
(kg/m?) 25.68 (3.37) 25.92 (3.70) 0.3823 28.31 (3.96) 27.97 (3.36) (ES: 0.167)
FAT (%) 35.32 (4.51) 34.66 (4.07) 0.7563 37.97 (4.52) 37.85 (4.66) 0.5407

WC 0.0052

(cm) 82.66 (9.22) 81.67 (8.71) 0.0504 87.82(9.53) 84.86 (8.82) (ES: 0.322)
VOomax 0.0011 0.0262

(mL/kg/min) 28.19 (4.79) 32.77 (5.04) (ES: 0.932) 28.20 (4.44) 30.57 (4.45) (ES: 0.533)

Data are presented as mean (SD), BMI—body mass index, FAT—body fat mass, WC—waist circumference,
VOzmax—maximal oxygen uptake.

NW training with RSA poles resulted in a significant change in body weight, BMI,
waist circumference and VOpmax (p < 0.05), whereas in the case of NW training with
classic poles, a significant change was only observed for VOmax (p < 0.05). Statistical
analysis of differences in post-training changes in the parameters analysed between the
groups studied showed a significant difference in change in body weight (Abody weight)
(p < 0.05; ES: 0.778), BMI (ABMI) (p < 0.05; ES: 0.778) and waist circumference (AWC)
(p < 0.05; ES: 1.225).

The echocardiogram tests performed showed that none of the participants had signifi-
cant valvular disease (Table 2). In all the participants, left ventricular contractility was over
50% and remained normal. An analysis of left ventricular diastolic function parameters, as
measured with an echocardiogram, showed a statistically significant decrease in A-wave
velocity (p < 0.05; ES: 0.352) and the E/ A ratio (p < 0.05; ES: 0.301) in women participating in
NW training with classic poles. A decrease in A-wave velocity and an increase in the E/A
ratio are associated with deteriorating diastolic function and increasing filling pressure
of the left ventricle. However, it would be unreasonable to conclude that the training
resulted in a decrease in diastolic function in the participants. The tests were performed
after an 8-week training programme and the changes in A-wave velocity may be temporary.
Statistical analysis of post-training changes (A) in the cardiological parameters analysed
showed no significant differences between the groups.
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Table 2. The echocardiogram examination parameters and blood pressure of the groups subjected to
the study.

NW (1 = 16) NW with RSA (1 = 16)
Baseline 9 Weeks p-Value Baseline 9 Weeks p-Value

E (cm/s) 0.64 (0.13) 0.64 (0.10) 0.9499 0.69 (0.16) 0.64 (0.17) 0.3343
0.0144

A (cm/s) 0.83 (0.16) 0.77 (0.18) (ES: 0352) 0.81(0.18) 0.78 (0.15) 0.2343
0.0328

E/A 0.81 (0.29) 0.91 (0.37) (ES: 0.301) 0.89 (0.32) 0.83 (0.26) 0.4432

E’ (cm/s) 0.08 (0.02) 0.08 (0.03) 0.6121 0.08 (0.02) 0.08 (0.02) 0.1423

E/E 8.09 (2.26) 8.09 (2.31) 0.8261 9.02 (2.26) 8.79 (2.65) 0.9547

SBP (mmHg) 127.81 (9.83) 126.67 (6.99) 0.5563 128.44 (8.11) 133.12 (9.29) 0.0559

DBP (mmHg) 77.50 (5.48) 78.00 (4.93) 0.6378 78.12 (5.12) 80.31 (2.87) 0.1925

Data are presented as mean (SD), A—peak A late diastolic mitral inflow velocity, E—peak E early diastolic mitral
inflow velocity, E'—peak E’ early diastolic mitral annular velocity, SBP—systolic blood pressure, DBP—diastolic
blood pressure.

As regards the haematological parameters analysed, a statistically significant difference
was observed between the groups in RBC counts (p < 0.05; ES: 0.679) and RDW-CV values
(p < 0.05; ES: 1.248), as measured on the first test date. The two forms of training used
in the project resulted in a decrease in WBC counts (p < 0.05) and haematocrit values
(p < 0.05). Moreover, in the case of the ‘NW with RSA” group, a decrease in red blood
cell count, red cell distribution width-coefficient of variation and red cell distribution
width-standard deviation was observed (p < 0.05). The only significant difference between
the groups in terms of post-training changes in the haematological parameters analysed
was the difference in change in red cell distribution width-standard deviation (ARDW-SD)
(p < 0.05; ES: 1.215) (Table 3).

Table 3. Basic characteristics of haematological parameters of women subjected to an eight-week NW
and NW with RSA training programme.

NW (1 =16) NW with RSA (1 =16)
9 Weeks p-Value Baseline 9 Weeks p-Value
0.0002 0.0199
9
WBC (10°/L) 6.46 (1.43) 5.56 (1.26) (ES: 0.668) 6.09 (1.09) 5.54 (1.15) (ES: 0.491)
RBC (1012/1) 437(023) 4.34(0.24) 0.5321 4,60 (0.42) 451 (0.42) (Eg'-ooli »
HGB (mmol/L) 8.52 (0.39) 8.59 (0.36) 0.3635 8.64 (0.57) 8.59 (0.61) 0.2213
0.0309 0.0019
0,
HCT (%) 39.34 (1.80) 38.41 (1.66) (ES: 0537) 39.94 (2.69) 38.51 (2.88) (ES: 0513)
. 0.0146
RDW-CV (%) 12.41 (0.54) 12.33 (0.47) 0.7174 13.09 (0.55) 12.70 (0.62) (ES: 0.665)
0.0008
RDW-SD (fl) 40.87 (1.77) 39.78 (2.18) 0.0787 41.14 (1.61) 38.46 (1.69) (ES: 1.624)
Data are presented as mean (SD), WBC—white blood cell count, RBC—red blood cell count, HGB—haemoglobin
concentration, HCT—haematocrit value, RDW-CV—coefficient of variation red blood cell distribution width,
RDW-SD—standard deviation of red blood cell distribution width.
The spirometric assessment of the participants showed that none of them had reduced
respiratory fitness. The groups were homogenous in terms of the variables analysed.
Moreover, no statistically significant differences were observed between the groups in
post-training changes (A) in the parameters analysed. In the case of NW training with RSA
poles, the only significant change observed in the parameters analysed was the significant
increase in the FEV; /VC ratio (p < 0.05; ES: 0.679) (Table 4).
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Table 4. Spirometry parameters of women subjected to an eight-week NW and NW with RSA
training programme.

NW (n = 16) NW with RSA (1 = 16)
Baseline 9 Weeks p-Value Baseline 9 Weeks p-Value
%VC (%) 102.88 (18.43) 109.91 (19.75) 0.8509 112.97 (12.92) 115.92 (16.44) 0.0619
FEV;/VC (%) 106.67 (11.87) 110.04 (6.77) 0.1961 105.51 (8.59) 110.81 (6.67) (Eg:082979)
%MEFE 75 (%) 92.24 (23.37) 93.42 (27.03) 0.9749 94.24 (21.64) 93.71 (19.28) 0.6949
%MFE 50 (%) 96.12 (27.08) 96.85 (26.38) 0.7298 93.87 (30.67) 93.25 (26.43) 0.6949
%MEE 25 (%) 98.06 (38.15) 107.79 (32.81) 0.1401 96.31 (28.16) 106.83 (30.72) 0.0843

Data are presented as mean (SD), VC—vital capacity, FEV;—forced expiratory volume in one second, MFE 75, 50,
25—Maximal Expiratory Flow.

In the first period of the study (at the beginning of the training), a correlation was
observed between RDW-CV and VOyp,x (r = 0.4779, p < 0.05) and between RDW-SD and
WC (r =0.3691, p < 0.05). As regards spirometric parameters, relationships were found
between the FEV;/VC ratio and body weight (r = 0.4524, p < 0.05), between the FEV;/VC
ratio and BMI (r = 0.5048, p < 0.05), between MEF 50% and body weight (r = 0.5264, p < 0.05),
between MEF 50% and BMI (r = 0.5113, p < 0.05) and between MEF 50% and WC (r = 0.4433,
p < 0.05). An analysis of the results of the cardiological assessment of the participants
showed a relationship between E1 and body weight (r = —0.4834, p < 0.05), between E1 and
BMI (r = —0.4263, p < 0.05), between E1 and WC (r = —0.4772, p < 0.05) and between the
E/E' ratio and WC (r = 0.3953, p < 0.05). An analysis of post-training changes within the
groups studied showed a relationship between change in VOmax (AVOzmax) and change
in the E/E' ratio (AE/E’) (r = —0.5750, p < 0.05) and between change in A (AA) and change
in E/ (AE') (r = 0.5438, p < 0.05).

4. Discussion

In this randomised controlled study, we analysed the impact of two types of NW
training, namely, NW training with classic poles and NW training with poles with an
integrated resistance shock absorber (RSA), on RDW levels in postmenopausal women.
We also analysed changes in the cardiorespiratory performance and aerobic capacity of
the women studied. We found that both types of NW training were effective in improving
aerobic fitness. However, NW training with RSA poles was more effective in terms of
changes in such parameters as body weight, BMI, WC and the FEV;/VC ratio and in terms
of reducing the level of erythrocyte anisocytosis.

RDW-CV is a morphotic parameter that is commonly measured as part of a routine
clinical examination. It can provide prognostic information for cardiovascular disease
at no additional cost. Findings from studies relating to the impact of physical exercise
on reduction in RDW-CV levels can be equivocal. This is because anisocytosis can be
caused by inflammation, oxidative stress or impaired iron absorption [12,28]. In older
age, decline in physiological reserve and sarcopenia lead to reduced muscle regeneration
capacity and chronic inflammation. Regular physical activity reduces inflammation and
limits anisocytosis, thus reducing the risk of cardiac events caused by abnormalities in
erythrocyte size [44]. Veeranna et al. studies have shown that a decrease in RDW-CV levels
is associated with reduced severity of coronary heart disease and mortality in heart patients,
independently of the levels of biochemical inflammation markers (CRP) [45].

The results of the present study showed a statistically significant decrease (by 3%) in
RDW-CV levels in the group participating in NW training with RSA poles (p < 0.05; ES:
0.665), which probably resulted from the significant reduction in body weight
(p < 0.05; ES: 0.981) and excessive abdominal adiposity (p < 0.06; ES: 0.322) observed
following the endurance and resistance training programme. Moreover, we found a rela-
tionship between RDW-SD values and WC (r = 0.3691, p < 0.05) in the group of women
studied. As the present study is the first to look into the impact of this relatively new form
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of physical activity on RDW-CV levels in older people, further research is needed to confirm
our findings. NW training with lower resistance did not result in a significant change in the
above-referred variables. Our findings concerning the mechanism of post-training changes
in RDW-CV values are consistent with those of a study by Rondanelli et al., who found a
relationship between the incidence of coronary heart disease and increased body weight
(and in particular an increased waist circumference), elevated lipid levels and increased
RDW-CV values [46]. In the present study, we found a similar relationship between RDW-
SD levels and WC (r = 0.3691, p < 0.05) in the women studied. Mota et al. found an inverse
relationship between the amount of daily endurance and resistance physical activity and
RDW-CV values and the incidence of cardiovascular disease caused by anisocytosis [47]. A
population study carried out by Loprinzi and Loenneke in 2015 based on data provided
from a national sample of the adult population showed that participation in the recom-
mended weekly amount of resistance physical activity is linked to 11 percent reduced odds
of having increased RDW levels (p = 0.006) [48]. In the study referred to above, no controlled
training programme was used, and the association found was based on self-reported levels
of physical activity. The authors of the study noted that the association is independent of
inflammatory status, as measured by CRP. One other mechanism proposed by researchers
is oxidative stress, which reduces erythrocyte survival, leading to the premature release
of erythrocyte precursors into the bloodstream [49]. Another mechanism that can ex-
plain the impact of resistance training on RDW is erythropoietin resistance induced by
muscular cytokines [50].

Our present study found a significant correlation between RDW-CV values and
VOomax (r =0.4779, p < 0.05), as measured prior to the training programme, in the women
studied. Both the forms of NW training used in the project resulted in a significant increase
in VOpmayx in the groups studied (p < 0.05). Findings from our earlier study showed an 86%
greater increase in VOpmax in women participating in NW training with classic poles (large
effect size) compared to women participating in NW training with RSA poles (medium
effect size) [35]. However, a significant post-training decrease in RDW levels was observed
only in the case of NW training with RSA poles. The observed association may contradict
the thesis that high RDW levels are linked to limited exercise capacity. In their study on
patients with heart failure, Van Craenenbroeck et al. found that higher RDW levels were
independently associated with impaired exercise capacity [51]. The observed post-training
increase in peakVO, was correlated with a reduction in RDW levels. In order to elucidate
the mechanism of the impact of RDW on exercise tolerance, it is necessary to establish
cause and effect and to answer the question of whether an elevated RDW is a marker
of impaired exercise tolerance, or whether it plays a pathophysiological role in impaired
oxygen transport to muscle cells. Sugie et al. found in their study that RDW, which is
known both as a marker of exercise intolerance in patients with CHF and as a strong and in-
dependent risk factor for mortality in the general population, is not an independent marker
of peak VO, in older people. The authors also found relationships between peak VO, and
different features of sarcopenia, frailty and cachexia, which may provide insight into the
importance of peak VO, and the rate of its decrease as strong predictors of mortality in the
general population [52].

VOomax is significantly determined by cardiovascular and respiratory fitness and
muscular metabolic capacity and its increase following training is mainly observed in the
case of endurance training with an intensity close to the individual’s anaerobic metabolic
threshold. Not only does high-intensity training not increase VOymay, it is not suitable
for older people [53]. Strength training significantly improves muscle mass and strength
in older people, helping them to carry out basic activities, increasing their daily energy
expenditure and improving their body composition. Standard strength training leads to
hypertrophy and metabolic changes in muscles only, without an increase in VOppay.

Physical activity is known to improve the capacity of the circulatory system and mus-
cular oxygen consumption. Studies have not found spectacular post-training changes in
respiratory function in older individuals [35,36]. With age, the respiratory system loses its
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elasticity, chest mobility becomes limited and the ventilation-perfusion ratio worsens [4,54].
In young and healthy individuals, respiratory fitness is not a factor limiting exercise perfor-
mance, whereas in the elderly, it can significantly reduce VOpmax. A study by Khosravi et al.
showed a positive relationship between FEV; and DLCO and peakVO; [34]. An interesting
hypothesis was proposed by Powers et al., who noted that impaired pulmonary gas ex-
change may limit VOypax, but only in highly trained athletes who exhibit exercise-induced
hypoxaemia [55]. In our present study, in which the effectiveness of two forms of NW
training was evaluated, we found a significant increase in the FEV; /VC ratio in women
participating in NW training with RSA poles (p < 0.05; ES: 0.679). The importance of com-
bined endurance and resistance training was also discussed by Khosravi et al. [34]. They
found in their study on a group of physically inactive women that an 8-week combined
resistance and endurance training programme had a greater effect on VC, FVC and FEF
25-75% compared to endurance training and resistance training (p < 0.05). The study found
no significant effect of resistance training, endurance training and combined endurance
and resistance training on FEV; and the FEV; /FVC ratio.

Only combined strength and endurance training improves cardiorespiratory fitness
and muscle mass [56]. The present study found that as a result of the resistance aspect it
involves, NW training with RSA poles stimulates muscle metabolism and thus improves
cardiorespiratory fitness, significantly reduces body weight and results in a greater reduc-
tion in RDW levels compared to traditional NW training.

5. Conclusions

It can thus be concluded that this form of physical activity should be considered for
postmenopausal women, and further research should focus on investigating the impact
of NW training with RSA poles on healthy individuals of different ages and patients with
cardiovascular diseases. Based on the findings from the present study, it can be assumed
that endurance and resistance exercise performed as part of cardiological rehabilitation can
significantly reduce disease severity and mortality. Thus, conclusions should be drawn
cautiously and should be supported with future research. A clinical analysis of RDW
levels, together with other cardiological and biochemical parameters, can provide practical
prognostic information relating to cardiovascular disease, mortality risk and treatment
outcomes. To the best of our knowledge, this is the first published report that compares
the effectiveness of NW training with RSA poles with that of the traditional form of NW,
considering the relationships between RDW levels and cardiorespiratory fitness and aerobic
capacity in postmenopausal women. According to the greater effectiveness of NW training
with RSA in postmenopausal women in reducing weight, waist circumference or lowering
the RDW-C index, it should be recommended in activity planning for this specific group of
people. In the future research to clarify the described relationships, the study should also
include a group of men and expand with a group of people of different ages and health
status. The absence of changes of the long-term effect in our study does not allow the
authors to fully assess the effectiveness of any form of marching training in the prevention
of cardiovascular disease.
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Simple Summary: Perimenopause begins on average four years before a woman'’s last menses. At
the end of this time, oestrogen levels drop, which leads to physiological and anatomical changes
which have a significant impact on the quality of life. Increase in the risk of coronary heart disease
(CHD) during the sixth decade of life can be explained by not only oestrogen deprivation, but
also an effect on the lipid profile. A study showed that in healthy women, total cholesterol levels
increase on average by 25 mg/dL (14%) and the levels of LDL cholesterol increase on average by
20 mg/dL (19%) from 4 years before to 1 year after menopause, which results in a greater atherogenic
profile in postmenopausal women. Heart failure (HF) and cardiovascular disease, the risk of which
increases during perimenopause, are not considered isolated conditions, but rather complex systemic
disorders. Engaging in the amount of moderate physical activity recommended by the World Health
Organization (WHO) helps reduce the risk of death and adverse health events. Regular physical
activity reduces body weight, improves cardiopulmonary fitness, and reduces inflammation. The aim
of the present study was to assess the effect of a 6-month aqua aerobics programme on cardiometabolic
(anthropometric and biochemical) parameters in perimenopausal women.

Abstract: Background: Menopause is a time when women experience a number of physiological
and anatomical changes resulting from a decline in ovarian function. It can be concluded that
cardiovascular disease increases in perimenopausal and postmenopausal women, irrespective of
age-related changes. Engaging in the amount of moderate physical activity recommended by the
World Health Organization helps reduce the risk of death and adverse health events. The aim of the
present study was to assess the effect of a 6-month aqua aerobics programme on cardiometabolic
(anthropometric and biochemical) parameters in perimenopausal women. Methods: In this study,
30 women (control group—16, study group—14) participated in the 6-month aqua aerobics training
programme. The mean age of women was 47.67 + 6.79 year and BMI 26.33 + 3.64 kg/m?. At the
beginning and at the end of the study, anthropometric and blood samples analysis were performed.
In the blood, lipid profile, morphotic elements were determined. Body composition, waist-hip
ratio (WHR), visceral adiposity index (VAI), blood pressure (BP) were measured. Results: The aqua
aerobics programme resulted in a significant decrease in the WHR (p < 0.05; ES: 2.143), diastolic blood
pressure (DBP) (p < 0.05; ES: 1.005), and platelet-to-lymphocyte ratio (PRL) (p < 0.05; ES: 0.460) and an
increase in haemoglobin (HGB) concentration (p < 0.05; ES: 0.643). Conclusions: The type of physical
activity described in the present study is a great way for perimenopausal women to take care of their
overall well-being. The reduction in selected cardiometabolic parameters is important from the point
of view of the protection of women'’s health.

Keywords: red blood cell distribution; visceral adiposity index; aqua aerobic
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1. Introduction

Menopause is a time when women experience a number of physiological and anatom-
ical changes resulting from a decline in ovarian function. It can be a challenging time for
women due to the troublesome physical and mental symptoms that menopause can bring,
such as vasomotor symptoms, difficulty focusing and concentrating, skeletal and urogenital
problems and burning mouth syndrome, which have a significant impact on the quality
of life [1,2]. Moreover, menopause can bring an increased risk of cardiovascular disease,
diabetes and breast cancer [3]. Most women experience certain characteristic symptoms
both during and before menopause. Perimenopause begins on average four years before a
woman’s last menses. [4,5]. In some women, perimenopause can last several months. At
the end of this period, oestrogen levels drop, which leads to a wide range of symptoms [4]
Several sex steroid hormones, the activity of the insulin-like growth factor (IGF) system and
leptin blood concentration may be closely linked and may modulate cardiovascular risk [6]
The protein that is bound to most circulating IGF (>90% in adult serum) is insulin-like
growth factor binding protein 3 (IGFBP-3). It has been shown in studies that elevated
IGFBP-3 levels may play an important role in the development of carotid atherosclerosis in
the hypertensive patient. High IGFBP-3 levels were associated with a ninefold higher risk
of atherosclerotic plaque formation in the carotid arteries compared with LDL cholesterol
or IGF-1 levels [7].

One study including women who participated in the Third French cross-sectional
MONICA survey on cardiovascular risk showed that the increase in the risk of coronary
heart disease (CHD) during the sixth decade of life can be explained by not only oestrogen
deprivation, but also an effect on the lipid profile [8]. A study by Fukami et al. showed
that in healthy women, total cholesterol levels increase on average by 25 mg/dL (14%) and
the levels of LDL cholesterol increase on average by 20 mg/dL (19%) from 4 years before
to 1 year after menopause, which results in a more atherogenic profile in postmenopausal
women [9]. Oestrogen is involved in the relaxation of blood vessels, helping to accommo-
date blood flow. Thus, reduced oestrogen levels result in stiffer blood vessels. The ageing
of ovaries also results in the activation of the renin-angiotensin—aldosterone system, which
leads to endothelial damage, increased inflammation and immune dysfunction. These
changes are associated with obesity, diabetes and hypertension [10]. Inflammation involves
increased expression of pro-inflammatory cytokines, such as interleukin 6 (IL-6), tumour
necrosis factor alpha (TNF-) and C-reactive protein (CRP). Other, less commonly used
inflammatory markers are white blood cell ratios, such as the granulocyte-to-lymphocyte
ratio (GLR), the lymphocyte-to-monocyte ratio (LMR) and the platelet-to-lymphocyte ratio
(PLR) [11]. Many studies have shown that such markers as the neutrophil-to-lymphocyte
ratio (NLR), PLR and LMR may predict systemic inflammation and may be useful in the
diagnosis of many diseases [12,13]. The markers are mainly used in clinical studies on
cancer [14] and liver disease [15] and are less often used in sports diagnostics [16]. Heart
failure (HF) and cardiovascular disease, the risk of which increases during perimenopause,
are not considered isolated conditions, but rather complex systemic disorders. Whatever
the pathogenesis of HF, the main cause of its progression is cardiac remodelling. Heart-
infiltrating cells, including granulocytes, monocytes, macrophages, dendritic cells, mast
cells and lymphocytes T and B, cause the release of cytokines that alter the inflammatory
response and the remodelling of the myocardial extracellular matrix [17].

Systemic inflammation leads to changes in the number of neutrophils, lymphocytes,
monocytes and platelets [18]. Many studies have shown that NLR, PLR and LMR may
predict systemic inflammation, being useful in many diseases. Thus, LMR may be a useful
marker of disease development and mortality risk [12,19]. In addition to biochemical
markers, such anthropometric parameters as the waist-to-hip ratio (WHR), visceral fat
area (VFA) and the visceral adiposity index (VAI) are often used to assess the risk of
cardiovascular disease [20]. VAI has been shown to have good predictive power for the
visceral adiposity-related risk of type 2 diabetes and hypertension. It should be seen as
an indicator of changes in adipose function associated with the development of insulin
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resistance. Therefore, VAI can be a good predictor of the risk of cardio- and cerebrovascular
events [21,22].

Findings from studies undertaken in recent years indicate that the coefficient of
variation red blood cell distribution width (RDW-CV), too, has a high prognostic value in
assessing the risk of cardiovascular disease [23]. The greater the variability in red blood cell
size, the higher the RDW-CV values. Research has shown an unfavourable prognostic value
of RDW-CV alone, as well as in combination with other parameters, in heart failure [24]
coronary heart disease [23,25] and myocardial infarction [26].

It can be concluded that studies undertaken over the last 20 years have provided
solid evidence that the risk of cardiovascular disease increases in perimenopausal and
postmenopausal women, irrespective of age-related changes. Therefore, it is necessary
to develop effective preventive strategies to reduce cardiometabolic risk factors and thus,
reduce the risk of cardiovascular events in perimenopausal and older women, previously
lowering body fat mass, improvement of lipid profile, reduction of blood pressure or
systemic inflammation.

Engaging in the amount of moderate physical activity recommended by the World
Health Organization (WHO) helps reduce the risk of death and adverse health events both
in healthy individuals and those with cardiovascular disease [27,28]. Regular physical
activity (both endurance and combined endurance and resistance training) reduces body
weight, improves cardiopulmonary fitness and reduces inflammation. Aqua fitness training
involves moderate-intensity exercise (according to the European Society of Cardiology:
3.0-5.9 METs) performed in water whose properties such as buoyancy, increased hydro-
static pressure and temperature enhancing thermoregulatory processes, are beneficial to
health [29,30]. This type of physical activity is preferred by many people with poorer motor
skills [31,32]. Aquatic exercise improves glucose metabolism and lipid profile and reduces
body weight, blood pressure and pain reduction [33-35].

The aim of the present study was to assess the effect of a 6-month aqua aerobics
programme on cardiometabolic (anthropometric and biochemical) parameters in peri-
menopausal women.

2. Materials and Methods
2.1. Participants

Fifty women who responded to a local advertisement and were deemed medically
fit to participate in the programme were recruited for the study. The study included per-
imenopausal women who were in sufficiently good health to participate in the training
programme. Women with neuromuscular disorders affecting their ability to move indepen-
dently, morbid obesity, chronic inflammatory disease, active or recent cancer or unstable
coronary heart disease and women after myocardial infarction (<12 months) or stroke
(<6 months) were excluded from the study. The study also excluded women with mental
disorders, severe respiratory failure or skin diseases preventing participation in aquatic
exercise. Women receiving steroid therapy or addicted to medication, drugs or alcohol
were, too, excluded from the study.

Before the study, participants were advised not to change their eating habits and not
to participate in any other sporting activities during the project. All participants reported
that they did not take part in competitive sports and rated their level of physical activity
as moderate. Forty women took part in the first testing session and were then randomly
assigned to the control (1 = 20) and study (n = 20) groups. A person not associated with the
research project made a random allocation to the groups. She used a computer list in Excel
software. Ultimately, 16 women in the control group and 14 women in the study group
who completed the 6-month training programme took part in the second testing session.
Women in the study group were required to attend at least 80% of the planned training
sessions. The study was conducted in accordance with the Declaration of Helsinki and was
approved by the Ethics Committee of the IRB at the Poznan University of Medical Sciences
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(decision No. 882/11). Participants could withdraw from the study at any time without
giving a reason.

2.2. Anthropometric Measurements

Basic tests included anthropometric measurements, blood pressure measurement
and blood biochemical testing and were performed following standard procedures by
authorised persons. The tests were performed twice, i.e., at the beginning (first testing
date) and at the end (second testing date) of the project. Body weight, BMI and body
composition (FM, MM, VFA) were measured using the bioimpedance method with the use
of the Tanita MC-780 MA analyser (Tanita Corp., Tokyo, Japan). All measurements were
performed in accordance with the manufacturer’s guidelines related to the reliability of the
method. Height was measured using the WPT 60/150 OW medical scales with a height
measuring rod (Radwag®, Radom, Poland). Waist and hip circumferences were measured
in accordance with relevant measurement guidelines using a tape measure (accuracy:
+/—1cm). Based on the measurements, the waist-to-hip ratio (WHR) was calculated.

2.3. Preparation of Blood Samples for Analysis

Complete blood count and lipid profile analyses were performed in a certified diag-
nostic laboratory in Kalisz. Blood samples of 10 mL were taken from the ulnar vein (fasting
blood test) in the morning using an S-Monovette syringe (Sarstedt, Niimbrecht, Germany).
The following haematological and biochemical parameters were determined: haemoglobin
concentration (Hb), haematocrit value (HCT), white blood cell count (WBC), total red blood
cells count (RBC), red blood cell distribution width—coefficient of variation (RDW-CV), total
cholesterol (T-C), high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein
cholesterol (LDL-C), triglyceride levels (TG).

Based on the anthropometric and biochemical measurements, the platelet-to-lymphocyte
ratio (PLR), the lymphocyte-to-monocyte ratio (LMR) and the visceral adiposity index
(VAI) were calculated. VAI was calculated in accordance with the following formula:
VAI = (WC(cm)/(36.58 + (BMI * 1.89) x (TG/0.81) * (1.52/HDL). It is a sex-specific empirical-
mathematical method. According to a publication by Amato et al., the cut-off points of
VALI for women aged 42-52 are as follows: <1.92—no adipose tissue dysfunction (ATD),
1.93-2.15—mild ATD, 2.17-2.77—moderate ATD, >2.77—severe ATD [21].

2.4. Training Programme

The project lasted 6 months and included 24 once-weekly training sessions. During the
training sessions, participants wore flotation belts, which enabled them to safely perform
aquatic exercises in deep water without the feet being in contact with the bottom of the
pool. The exercises were carried out to music and were led by a qualified instructor, who
was standing at the edge of the pool, providing a detailed demonstration of each exercise.
Different types of resistance equipment were used during the training sessions (long pool
noodle, short pool noodle, BEtomic, aqua disc, gloves, cuffs, happy flower, big wave
bells, punches).

Each training session lasted 45 min and consisted of three parts, during which specific
exercises were performed:

1. warm-up (walking in place, arm exercises in different planes) warm-up/cardio (run-
ning in place, running in multiple directions, arm exercises with different hand
positions, movement exercises in different directions);

2. main part (aerobic/strengthening) (arm exercises in multiple directions and with
different ranges of movement (pushing/scooping), leg exercises (single- and double-
leg raises, jumps, jumping jack, scissors, grounded, elevated), coordination exercises);

3. cool-down (exercises in a front-lying position, exercises in a back-lying position,
position change exercises, stretching and relaxing exercises).

The training programme was developed based on methodological guidelines for
conducting aqua aerobics classes and was appropriate to the ability of participants. The
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determinant of training capacity is the resting heart rate and age of the participants. During
training, heart rate values oscillated between 40 and 70% of the maximum heart rate value.
We calculated the maximum heart rate according to the formula MHR 220-age (in years),
keeping in mind the hydrostatic pressure of water, by the influence of which the heart rate
of the participant in the aquatic environment is 10 to 20 beats slower than on land. The
volume of classes ensures that the expected training effects are achieved. [36,37].

2.5. Statistical Analysis

Data were analysed statistically using Dell Statistica software (version 13, software.dell.com,
Dell Inc., Round Rock, TX, USA). The normality of the distribution of variables was tested
using the Shapiro-Wilk test. The Mann-Whitney U-test was used for inter-group com-
parisons, whereas the Wilcoxon test was used for intra-group comparisons. Relationships
between variables were analysed using Spearman’s rank analysis. For statistically signifi-
cant changes, effect sizes (ES) were calculated and assessed against Cohen’s criteria [38].
Data are presented as means and standard deviations (SD). Statistical significance was set
at p <0.05. Using TG concentration data from the manuscript by Volakis et al. [39], after
calculating the power analysis of the Mann—-Whitney test (taking power as 1—beta error
probability: 80%, effect size: 0.98, and error taken as alpha: 0.05 (two-sided)), 15 participants
were identified for analysis.

3. Results

A total of 30 women (16 women in the control group and 14 women in the study
group) fulfilled the criteria adopted and completed the 6-month study. Table 1 shows the
values of anthropometric parameters of cardiovascular risk and blood pressure values.

Table 1. Values of anthropometric parameters, blood pressure values and VAI for the study and
control groups on the first and second testing dates.

Control Group (n = 16) Study Group (1 = 14)
Baseline 6 Months p-Value Baseline 6 Months p-Value
Age (year) 47.00 (7.00) 48.43 (6.72)
Body weight (kg) 69.44 (12.36) 67.34 (11.67) (Eggo()l.ZA;S) 70.87 (10.49) 70.85 (11.11) 0.6377
Body height (cm) 164.44 (6.79) 161.36 (6.26)
BMI (kg/m?) 25.59 (3.65) 24.83 (3.59) (E(S)O()l (2)? 0) 27.19 (3.24) 27.17 (3.57) 0.7007
M % 32.80 (7.21) 30.60 (5.64) 0.1034 34.66 (4.65) 33.51 (5.68) 0.1405
MM % 43.64 (4.46) 43.91 (5.43) 0.7332 43.52 (4.17) 48.66 (4.16) 0.3152
VFA 5.87 (2.22) 5.25 (1.84) (E(S);O(%&) 6.71 (1.98) 6.57 (1.99) 0.5286
WHR 0.90 (0.07) 0.90 (0.07) 0.9096 0.94 (0.07) 0.79 (0.07) (Eg.:o(?.(l)iS)
VAI 3.25(1.92) 3.57 (2.64) 0.3010 3.96 (4.56) 3.66 (3.67) 0.5098
SBP (mmHg) 116.25 (14.32)  112.50 (14.26) 0.2132 123.21 (9.12) 115.00 (15.19) 0.0917
DBP (mmHg) 77.50 (10.65) 75.00 (10.80) 0.3669 86.79 (6.96) 78.93 (8.59) (E(S)Oll 235)

Data are presented as mean (SD), BMI—body mass index, FM—fat mass, MM—muscle mass, VIS—visceral
fat area, WHR—waist-hip ratio, VAI—visceral adiposity index, SBP—systolic blood pressure, DBP—diastolic
blood pressure.

The group studied was homogenous in terms of the anthropometric and biochemical
characteristics analysed. On the first testing date, no significant differences were observed in
the variables between the study group and controls. The women participating in the study
were slightly overweight; the mean BMI for the study group was 27.19 kg/m?, whereas
the mean BMI for the control group was 25.59 kg/m? Both groups had normal visceral
fat area (VFA) and blood pressure levels. Moreover, both groups had similar, normal VAI
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values. Haematological parameters and lipid profiles of the women participating in the
study on both testing dates are shown in Table 2. The groups were also homogenous in
terms of the aforementioned parameters on the first testing date. Hb concentration, TG and
HDL-C levels and RBC counts, WBC counts, PLT counts and RDW-CV values were within
the normal range. However, both groups had elevated T-C levels on the first testing date.

Table 2. Haematological parameters and lipid profile of women in the control and study groups on

the first and second testing dates.

Control Group (n = 16)

Study Group (1 = 14)

Baseline 6 Months p-Value Baseline 6 Months p-Value

WBC (10°/L) 6.37 (1.61) 6.32(1.47) 0.7764 6.74 (2.16) 7.31(2.11) 0.0868

RBC (102/L) 4.36 (0.28) 4.30 (0.28) 0.2805 4.46 (0.25) 4.52 (0.25) 0.0901
HGB (mmol/L) 13.05 (0.79) 13.09 (0.89) 0.3152 13.22 (0.96) 13.88 (1.09) (Egiogéi?;)

PLT (10°/L) 227.56 (51.13)  238.12 (42.34) 0.0703 245.93 (39.29) 244.79 (30.09) 0.8339

o 0.0202

RDW-CV (%) 13.79 (0.46) 14.03 (0.61) (ES: 0.444) 13.75 (0.95) 14.06 (0.29) 0.1961
PRL 104.48 (29.38)  103.84 (23.58) 0.8361 98.66 (20.27) 89.58 (19.16) (Egiooz }120)

LMR 8.43 (2.64) 7.74 (1.64) 0.7959 7.94 (3.16) 7.89 (1.59) 0.5936

TC (mg/dL) 216.87 (22.16)  212.62 (24.80) 0.5895 217.93 (35.97) 202.92 (32.32) 0.0868

HDL-C (mg/dL) 72.12 (14.29) 71.00 (15.81) 0.6247 70.43 (16.55) 69.07 (17.04) 0.5525
LDL-C (mg/dL) 123.62 (28.61)  120.62 (28.83) 0.6603 125.14 (28.71) 114.00 (27.04) (Egioozggg)

TG (mg/dL) 105.69 (50.36)  105.31 (51.79) 0.9176 113.07 (91.92) 117.79 (82.34) 0.6605

Data are presented as mean (SD), WBC—white blood cell count, RBC—red blood cell count, HGB—haemoglobin
concentration, PLT—platelets, RDW-CV—coefficient of variation red blood cell distribution width,
PRL—platelet/lymphocyte ratio, LMR—Ilymphocyte/monocyte ratio, TC—total cholesterol, HDL-C—high den-
sity lipoprotein cholesterol, LDL-C—low density lipoprotein cholesterol, TG—triglycerides.

The 6-month aqua aerobics programme resulted in a significant decrease in the waist-
to-hip ratio (p < 0.05; ES: 2.143), diastolic blood pressure (DBP) (p < 0.05; ES: 1.005) and
platelet-to-lymphocyte ratio (p < 0.05; ES: 0.460) and an increase in HGB concentration
(emphp < 0.05; ES: 0.643). In the control group, there was a significant reduction in body
weight (p < 0.05; ES: 0.175), BMI (p < 0.05; ES: 0.210) and VFA (p < 0.05; ES: 0.304) and an
increase in RDW-CV values (p < 0.05; ES: 0.444). A statistical analysis of differences between
the groups in the changes in the parameters analysed between the first and second testing
dates showed a significant difference between the groups in the change in the waist-to-hip
ratio (A WHR) (p < 0.05; ES: 2.705).

In the first period of the study (at the beginning of the training programme), correla-
tions were observed between TG levels and WBC counts (r = 0.5390, p < 0.05), between TG
levels and Hb concentration (r = 0.5265, p < 0.05), between WBC counts and DBP (r = 0.6098,
p < 0.05) and between age and VFA (r = 0.6367, p < 0.05). An analysis of relationships
between changes in the parameters analysed between the first and second testing dates for
the whole group studied showed a relationship between the change in TG levels (A TG)
and the change in body weight (A body weight) (r = 0.4386, p < 0.05), between the change
in TG levels (A TG) and the change in VAI (A VAI) (r = 0.8973, p < 0.05), between the change
in RDW-CV (A RDW-CV) and the change in systolic blood pressure (A SBP) (r = 0.3912,
p < 0.05), between the change in the lymphocyte-to-monocyte ratio (A LMR) and the change
in BMI (A BMI) (r = —0.4053, p < 0.05) and between the change in the waist-to-hip ratio
(A WHR) and the change in body weight (A body weight) (r = —0.4135, p < 0.05).

4. Discussion

The aim of this randomised controlled study was to analyse the effect of a 6-month
aqua aerobics programme on cardiometabolic (anthropometric and biochemical) parame-
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ters in perimenopausal women. We analysed the anthropometric parameters of cardiovas-
cular risk such as VFA, WHR and VAI, SBP and DBP levels as well as blood biochemical
parameters, including, among others, lipid profile, RDW-CV and inflammation markers
such as PLR and LMR, which are considered by some as risk factors for heart disease.
The women who took part in the 6-month training programme (45 min of exercise per
week) had a lower WHR (p < 0.05), lower DBP (p < 0.05), lower PLR (p < 0.05), lower
LDL-C levels (p < 0.05) and higher Hb levels (p < 0.05) compared with controls on the
second testing date. The changes in these parameters can be considered to be beneficial as
regards the risk of morbidity, and the form of training itself, with its low frequency and
intensity, can be considered as contributing to the maintenance of the physical well-being
of perimenopausal women.

Lack of physical activity or insufficient intensity or frequency of physical activity is
associated with lower overall quality of life—and not only in older people. The hormonal
and metabolic changes resulting from the ageing of ovaries and reduction in oestrogen are
well described in the literature, as is the increase in the risk of cardiovascular disease in this
group of people [40]. Exercise is a non-pharmacological way of controlling proatheroscle-
rotic lipid levels, inflammatory markers and other cardiovascular risk factors [41,42]. The
type of exercise and its intensity should be tailored to each individual’s preferences and
health. Moreover, the choice of exercise should take into account the individual’s health
limitations that prevent him or her from performing certain types of exercise. In obese or
overweight individuals, traditional forms of training, such as walking training or exercise
on a cycle ergometer, can cause a number of musculoskeletal complications, which may
discourage them from continuing to participate in longer-term training programmes [43].
Aquatic training has been found to stimulate peripheral vasodilatation and blood flow
redistribution. Increased atrial pressure stimulates low-pressure cardiopulmonary re-
ceptors. Moreover, it inhibits sympathetic nervous activity. The physiological changes
associated with immersion in water may have positive health effects as regards circulatory
fitness [43—45]. This was confirmed by the findings from the present study, which showed
that a 6-month aqua aerobics programme with once-weekly training sessions resulted in a
significant decrease in DBP (p < 0.05). Aquatic training does not cause undue stress on joints
and immersion in an upright position stimulates the secretion of atrial natriuretic peptides,
which contribute to increased lipid oxidative capacity. During the exercise, the level of lipid
mobilization and the speed of lipid oxidation remain unchanged or even increase despite
the reduced activation of the sympatho-adrenal system. The processes and relationships
described above result in improvement in lipid profile [46,47]. Our study showed that
women in the study group who participated in a 6-month supervised aquatic training
programme had lower LDL-C levels on the second testing date compared with controls
(p < 0.05). This was probably due to the physical activity-dependent change in intravascular
enzyme activities described in a publication by Weise et al. [48]. Increased lipoprotein
lipase activity (LPLA) and lecithin-cholesterol acyltransferase (LCAT) activity (LCATA)
and reduced hepatic TG lipase activity (HLA) and cholesterol ester transfer protein (CETP)
concentration may result in a decrease in TG levels and an increase in HDL-C levels.

There is extensive debate about the effectiveness of anthropometric measurements in
identifying the risk of cardiovascular disease. Undoubtedly, high body weight, especially
high visceral fat mass, is a strong predictor of future circulatory disease. From a clinical
point of view, parameters based on many anthropometric and biochemical measures, such
as VAL should be highly effective in predicting the risk of cardiovascular disease. In the
present study, we found no significant change in VAI in the women participating in the
aquatic training programme. However, the training programme resulted in a statistically
significant decrease in WHR, DBP and LDL-C levels. In 2012, Mohammadreza et al.
published the findings from their 9-year observational study analysing the effectiveness of
VALl in predicting cardiovascular disease compared with simple anthropometric measures
of obesity, i.e., BMI, waist-to-height ratio and waist-to-hip ratio [49]. They found that VAT is
independently associated with increased risk of incident cardiovascular disease in women
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and that the level of this risk is not significantly higher than the level of risk due to BMI,
waist-to-height ratio or waist-to-hip ratio. However, the authors found no association
between VAI and any significant increased risk of incident cardiovascular disease among
men. Thus, the use of this parameter alone is ineffective and may provide misleading or
incomplete information.

A number of studies have found that variation in RBC size has a significant impact
on the severity of cardiovascular disease caused by changes in blood flow through vessels.
Changes in blood flow lead to interactions between morphotic elements and the vascular
endothelium [50], which results in the development of inflammation, which leads to the
development of atherosclerosis. The literature on the effect of certain forms of exercise on
RDW-CV is limited, making it difficult to correctly interpret changes in RDW-CV values [51].
In the present study, a 6-month aqua aerobics programme did not result in a significant
change in RDW-CV, even though participants in the study group had lower LDL-C levels
on the second testing date compared with the control group. This was most probably due
to the fact that the training was of too low intensity and frequency.

The blood biomarkers associated with inflammation analysed in the present study
play an important role in the development of many diseases and can be used to assess the
risk of disease development or progression. In the present study, we found a decrease in
such parameters as NLR and PLR in the group studied (p < 0.05). Undoubtedly, the fact
that the women studied already had low inflammation levels on the first testing date may
also be due to their overall good health, normal body weight and normal blood glucose
levels, and the changes observed in the women who participated in the training programme
are undoubtedly favourable. The NLR and PLR values reported in the literature in, for
instance, people with diabetes, are higher, which is associated with higher glucose levels
and high insulin resistance [52-54].

5. Conclusions

The type of physical activity described in the present study is a great way for per-
imenopausal women to take care of their overall well-being. The favourable changes
observed on the second testing date in the women who participated in the training pro-
gramme may result in a reduction in the risk of cardiovascular disease. An important aspect
is the low, but effective, frequency of exercise. Short training programmes very often do not
bring spectacular results, whereas those lasting several months can often be discouraging. It
should be noted that the women who participated in the training programme as part of the
present study were perimenopausal and many of them were employed. Thus, it is difficult
for them to engage in regular exercise (2-3 times per week) for a longer period of time.
Therefore, the demonstrated effectiveness of the training programme and the reduction in
selected cardiometabolic parameters are important from the point of view of the protection
of women’s health. The question arises as to whether this form of physical activity would
also be effective in older people, including men, and whether it could compensate for the
loss of physiological reserve associated with ageing.
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