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Wykaz skrotow

ADIPO — adiponectin — adiponektyna

ADIPO/LEP ratio — stosunek adiponektyny do leptyny

ANDR — android adipose tissue — poziom tkanki thuszczowej androidalne;

ANOVA — analysis of variance — analiza wariancji

ANZCTR — Australian New Zealand Clinical Trials Registry — Australijski Rejestr Badan
Klinicznych w Nowej Zelandii

BF — body fat — poziom tkanki ttuszczowej

BH — body height — wysokos¢ ciata

BM — body mass — masa ciata

BMI — body mass index — wskaznik masy ciata

CG — control group — grupa kontrolna

COVID-19 — SARS-CoV-2 coronavirus infection — zakazenie koronawirusem SARS-
CoV-2

DAG - diacylglycerols — diacyloglicerole

DBP — diastolic blood pressure — ci$nienie rozkurczowe

DEXA - dual-energy x-ray absorptiometry — absorpcjometria promieniowania
rentgenowskiego o podwdjnej energii

EG1 — experimental group 1 — grupa z interwencja treningiem acrobowym

EG2 — experimental group 2 — grupa z interwencja treningiem aerobowo-oporowym
ELISA — enzyme-linked immunosorbent assay — test immunoenzymatyczny

ES — effect size — wielkos¢ efektu

FFM — fat free mass — beztluszczowa masa ciata

FM — fat mass — masa tkanki thuszczowe;j

FNDCS5 - fibronectin domain-containing protein 5 — biatko zawierajace domeng
fibronektyny 5

GL — glucose — glukoza

GYNOID - gynoid adipose tissue — tkanka ttuszczowa gynoidalna

HDL-C — high-density lipoprotein cholesterol — lipoproteina cholesterolu o wysokiej
gestosci

HOMA-AD — homeostatic model of insulin resistance — adiponectin — homeostatyczny

model opornosci na insuling - adiponektyna



HOMA-TG — homeostatic model for assessing insulin resistance — triglycerides —
homeostatyczny model oceny oporno$ci na insuling - trojglicerydy

HR — heart rate — cz¢sto$¢ skurczow serca

HR max — heart rate maximum — maksymalna czgsto§¢ skurczéw serca

ICD-10 — International Statistical Classification of Diseases and Related Health Problems
— Migdzynarodowa Statystyczna Klasyfikacja Chorob i Probleméw Zdrowotnych

IDF — International Diabetes Federation — Migdzynarodowa Federacja Diabetologiczna
IL-6 — interleukin-6 — interleukina-6

IL-8 — interleukin-8 — interleukina-8

INS — insulin — insulina

IPAQ - The International Physical Activity Questionnaire — Miedzynarodowy
Kwestionariusz Aktywnos$ci Fizycznej

IR — irisin — iryzyna

IRS — insulin receptor substrate

LDL-C — low-density lipoprotein cholesterol — lipoproteina cholesterolu o niskiej
gestosci

LEP — leptin — leptyna

MET — metabolic equivalent of task — metaboliczny rownowaznik pracy

MetS — metabolic syndrome — zespdt metaboliczny

NEAT - non-exercise thermogenesis — termogeneza niezwigzana z ¢wiczeniami
fizycznymi

NAFLD — non-alcoholic fatty liver disease — niealkoholowe stluszczenie watroby

NW — Nordic Walking — chdéd nordycki

OMEN - omentin — omentyna

QUICKI — quantitative insulin sensitivity check index — indeks ilo$ciowej oceny
wrazliwos$ci na insuling

RBP4 — Retinol Binding Protein 4 — biatko wiazace retinol 4

RT — resistance training — trening oporowy / sitowy

SBP — systolic blood pressure — ci$nienie skurczowe

SERBPIc — sterol-regulatory element binding protein lc — sterol-regulacyjny biatko
wigzace element lc

TC — total cholesterol — cholesterol catkowity

TG — triglyceride — trojglicerydy

VO:2max — maximal oxygen uptake — maksymalny minutowy pobdr tlenu



WC — waist circumference — obwod talii

WHItR — waist circumference to body height ratio — stosunek obwodu talii do wysokosci

ciala

IRM — 1 repetitions maximum — jedno powtorzenie maksymalne
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1. Wstep

W ostatnich latach wiele uwagi po§wigcono zespotowi metabolicznemu (MetS),
ze wzgledu na jego zwiazki z rozwojem chorob takich jak otylos¢, cukrzyca i choroby
uktadu krazenia (CVD). Patogeneza MetS jest ztozona, wieloczynnikowa, a mechanizmy
jego rozwoju i przebiegu - nie s3 w pelni poznane [1]. Zaburzenia metaboliczne stajg si¢
zespolem, jesli u pacjenta potwierdzg si¢ trzy z pieciu kryteriow: otytos¢ brzuszna, niski
poziom cholesterolu HDL, wysoki poziom trdjglicerydow, wysoki poziom glukozy,
wysokie ci$nienie krwi lub prowadzone leczenie konkretnego zaburzenia [2]. MetS
obejmuje wiele systemoOw biologicznych, powodujac wysoka zachorowalnos¢
i $miertelno$¢ z powodu powiktan sercowo-naczyniowych oraz metabolicznych [3].
Jednostka ta jest rOwniez nazywana zespolem X, zespotem insulinoopornos$ci, zespotem
cywilizacyjnym oraz polimetabolicznym [4]. Stanowi ona wyzwanie dla zdrowia
publicznego, a jej rozpowszechnienie istotnie wzrasta na calym $§wiecie [5, 6]. Skala
problemu MetS dotyczy 20-25% dorostej populacji [ 7]. Wspotwystepowanie jego
sktadowych wynika z interakcji gendow i czynnikow $rodowiskowych takich jak niska
aktywno$¢ fizyczna oraz spozywanie nadmiernej ilosci energii w diecie, przekraczajace
zapotrzebowanie energetyczne organizmu [8]. MetS prowadzi do wielu konsekwencji
zdrowotnych, w tym cukrzycy typu 2, dny moczanowej [ 9], chordb sercowo-
naczyniowych, ostrego zespotu wiencowego, udaru moézgu, nowotwordéw ztosliwych
[ 10 ], bezdechu sennego [ 11 ], niealkoholowego stluszczenia watroby (NAFLD)
1 nadcis$nienia tetniczego [6]. Kazda jego skladowa moze predysponowac pacjentow do
CVD. Ryzyko konsekwencji zdrowotnych wzrasta, gdy u jednej osoby wspotwystepuje
kilka objawow MetS [12, 13]. Czynnikami zwigzanymi z rozwojem omawianego zespotu
nieprawidlowosci sg insulinoopornosc¢ 1 otytos¢ (szczegolnie otylos¢ centralna) [14, 15].
Nadmiar tkanki thuszczowej trzewnej wigze si¢ z wyzszym ryzykiem insulinoopornosci
1 hiperinsulinemii, wzrostem wolnych kwasow ttuszczowych i ci$nienia tetniczego oraz
spadkiem HDL-C, predysponujac do zakrzepicy oraz innych incydentéw sercowo-
naczyniowych [4, 16]. Wystepowanie silnej korelacji pomigdzy otytoscig i sktadowymi
MetS oraz ich potencjalne zwigzki przyczynowo-skutkowe [ 17] podkreslajg role
znajomosci przyczyn, przebiegu, konsekwencji oraz procesu leczenia otylosci.
Migdzynarodowy kodeks choréb (ICD-10) klasyfikuje otytos¢ w kategorii ,,Choroby
endokrynologiczne, zywieniowe i metaboliczne” [18]. Ma ona charakter przewlekty ze

sktonno$cig do nawrotow [19]. Otylo$¢ prosta jest wynikiem nierdéwnowagi pomigdzy



poborem energii, a wydatkami energetycznymi, co powoduje dodatni bilans
energetyczny, a w perspektywie czasu - nadmierng kumulacj¢ tkanki thuszczowej [20].
Mechanizmy lezace u jego podstaw sg liczne, ztozone, wieloczynnikowe i w duzej mierze
poza $wiadoma kontrola, tylko czgsciowo pokrywajace si¢ pomiedzy pacjentami [21].
Cechami klinicznymi otytosci sa: rozwoj przewlektego stanu zapalnego w tkance
thuszczowej [22], nieprawidtowy poziom neurohormondéw regulujacych odczuwanie
sytosci po spozyciu pokarméw, [23] oraz zwigkszone ryzyko zespolu metabolicznego
[24] 1 zaburzen psychicznych [25]. Wazna role w rozwoju oraz przebiegu otylosci
odgrywaja uwarunkowania genetyczne oraz procesy adaptacyjne organizmu wystgpujace
w obszarze opisanych zaburzen [26, 27]. Jej konsekwencja jest zwigkszone ryzyko
wystapienia chorob: od 0,2 do 8% w przypadku zapadalnosci na wszystkie nowotwory,
od 7 do 44% - na choroby sercowo-naczyniowe oraz od 3 do 83% - na cukrzyce typu II.
Otytos¢ prowadzi do wzrostu ryzyka $mierci od 5 do 15% w przypadku zgonow
z jakiejkolwiek przyczyny [28, 29]. Sprzyja ona gromadzeniu si¢ trzewnej tkanki
thuszczowej, co wigze si¢ z wystgpowaniem ogdlnoustrojowych standw zapalnych

o malym nasileniu i przyczynia si¢ do rozwoju zaburzen metabolicznych [22, 30, 31].

Zarowno tkanka tluszczowa, jak 1 mig$nie szkieletowe sa narzadami wydzielania
wewngtrznego, ktore prowadza swoisty dialog, uwalniajac cytokiny, adipokiny i miokiny
- hormony, ktore docieraja do swoich receptoréw, odgrywajac wazng rol¢ w homeostazie
organizmu [ 32, 33 ]. Odpowiadaja one za regulacje procesOw energetycznych
1 metabolicznych organizmu [34, 35]. Tkanka tluszczowa i mig$nie szkieletowe sa
kluczowymi regulatorami tolerancji weglowodanow [36, 37]. W populacji 0s6b otylych
zagrozonych zespotem metabolicznym, zaburzona produkcja adipokin moze prowadzi¢
do insulinoopornos$ci [38]. Zmiany ich poziomu, zwlaszcza wytwarzanych w trzewnej
tkance tluszczowej, moga odzwierciedla¢ powiklania ogoélnoustrojowe zwigzane

7 otyloscia [39, 40].

Iryzyna (IR) jest mioking produkowang gldwnie w migsniach szkieletowych pod
wptywem wysitku fizycznego, w mniejszym stopniu przez bialg tkanke thuszczowa [41].
U myszy, iryzyna pochodzaca z mig$ni stanowi ~72% catkowitego poziomu hormonu
w krazeniu, a pozostate 28% pochodzi prawdopodobnie z tkanki tlhuszczowej [42].
Gléwnym dziataniem iryzyny jest bragzowienie biatej tkanki thuszczowej, zwigkszenie
wydatkéw energetycznych organizmu oraz poprawa wrazliwosci komorek na dziatanie

insuliny [43]. Iryzyna stymuluje lipoliz¢ oraz zwigksza uwalnianie glukozy i wolnych
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kwasow thuszczowych pod wptywem aktywnosci fizycznej [44]. Lee i inni [45] pokazali,
ze zwicksza ona wychwyt glukozy do 30%. Ponadto, iryzyna pozytywnie wptywa na
zaburzenia lipidowe spowodowane otyloscig i zespotem metabolicznym [46]. W meta-
analizie 18 badan zaobserwowano wyzsze poziomy iryzyny u osob z nadwagg lub
otytosciag w stosunku do oséb z prawidtowg masg ciata, co mozna thumaczy¢ zjawiskiem
»iryzynooporno$ci” [47]. Podobny proces obserwuje si¢ wsrdd osob z MetS [48].
Cwiczenia fizyczne prowadza do wzrostu poziomu iryzyny zaréwno u oséb zdrowych
jak 1 z zespolem metabolicznym. Zastosowanie treningu oporowego prowadzi do
wigkszej produkcji iryzyny niz w przypadku treningu o umiarkowanej intensywnosci lub
¢wiczen interwatowych o wysokiej intensywno$ci. Wzrost iryzyny jest widoczny
natychmiast po rozpoczgciu treningu; stabilizacja jej poziomu nastgpuje do godziny po
zakonczeniu ¢wiczen. Opisane zalezno$ci dotycza zardwno 0sob z MetS jak i zdrowych

[49].

Interleukina-6 (IL-6) jest cytoking, ktérej podwyzszone st¢zenia wydzielane przez
adipocyty 1 monocyty wigza si¢ z wstepujacym stanem zapalnym i insulinoopornoscia
w otylosci. Wykazano jednak, ze IL-6 uwalniana przez mig¢snie szkieletowe wykazuje
dziatanie przeciwzapalne i uwrazliwiajace na insuling [50]. Poziom IL-6, iryzyny oraz
parametry metabolizmu weglowodanow takie jak HOMA sg zalezne od poziomu tkanki
thuszczowej, wzrastaja zgodnie z poziomem otylosci wsrdd badanych pacjentow [51].
Najwigksze znaczenie w produkcji IL-6 ma poziom glikogenu, intensywnos$¢ i czas
trwania aktywnos$ci fizycznej [ 52]. Wzrost poziomu IL-6 moze by¢ wiekszy po
zastosowaniu umiarkowanej intensywnos$ci ¢wiczen przez dluzszy czas (np. biegania)

angazujacych wiele partii mi¢§niowych niz po izolowanym treningu oporowym [53].

Leptyna (LEP) jest adipoking, ktora poprzez swoje receptory w neuronach
podwzgorza wptywa na kontrole spozycia pokarméw i wydatkowanie energii [54, 55].
Ponadto, leptyna odgrywa wiele 1ol w organizmie, w tym w systemie immunologicznym
1 uktadzie oddechowym, wplywa ona takze na regulacj¢ hormonow ptciowych [56, 57,
58, 59]. W otylosci i u pacjentdow z MetS wystepuje zjawisko opornosci na leptyne
[60, 61]. Stgzenie leptyny w surowicy jest proporcjonalne do poziomu otylosci
1 odzwierciedla stan energetyczny organizmu. Prog BMI, przy ktorym st¢zenie leptyny
zaczyna sie zwieksza¢, wynosi 24,6 kg/m? [62]. Oporno$¢ na leptyne jest glownym

czynnikiem prowadzacym do postgpu MetS, a zrozumienie tego mechanizmu wymaga
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dalszych badan [17]. Niewtasciwy poziom leptyny moze prowadzi¢ do rozwoju cukrzycy

typu 2 (T2DM) [63], chorob serca [64] oraz niektorych nowotwordw [65, 66].

W przeciwienstwie do wigkszosci adipokin, omentyna (OMEN) nie jest wytwarzana
w tkance tluszczowej podskornej [67]. Syntetyzowana jest ona gléwnie w tkance
thuszczowej trzewnej [68]. Omentyna wystepuje w dwoch formach: jako omentyna-1
1 omentyna-2 [68]. Omentyna-1 wystepuje w najwigkszej ilosci sposrdd jej izoform
w ludzkim organizmie [69, 70]. W populacji ludzi otylych obserwuje si¢ obnizone
stezenia omentyny, a jej spadek prowadzi do zaburzen metabolicznych, takich jak
oporno$¢ na insuling i nietolerancja glukozy. Osoby o prawidlowej masie ciata
charakteryzuja si¢ znacznie wyzszym stgzeniem omentyny w Surowicy niz osoby
z nadwagg. Istniejg rowniez roznice w jej stgzeniach w zaleznosci od pici - w przypadku
kobiet sa one wyzsze niz u me¢zczyzn. Jej poziom moze pozwoli¢ na przewidywanie
skutkow metabolicznych lub choréb wspoétistniejacych z otytoscig. W poréwnaniu do
innych adipokin, wykazano, Zze poziom omentyny jest pozytywnie zwigzany z poziomem
adiponektyny oraz ujemnie skorelowany z poziomem leptyny [69]. Niskie st¢zenia
W surowicy wystepuja u pacjentow z cukrzyca typu 1 i typu 2 [71, 72]. Gtowna funkcja
omentyny jest prawdopodobnie zwigkszanie wrazliwosci na insuling. Efekt ten jest
obserwowany zard6wno miejscowo, jak i ogdlnoustrojowo [68]. Sekrecja omentyny-1 jest
stymulowana w odpowiedzi na zastosowanie aktywnosci fizycznej. Z jej dzialaniem
moze by¢ zwigzana takze adaptacja fizjologiczna migéni szkieletowych do aktywnosci

fizycznej [73].

Jednym z przyktadow przeptywu informacji z tkanki thuszczowej do migéni
szkieletowych jest produkcja adiponektyny (ADIPO) syntetyzowanej gidwnie w tkance
thuszczowej, ktorej receptor Adipol znajduje si¢ w migsniach szkieletowych. Dociera ona
réwniez do receptora Adipo2 w watrobie [74]. Adiponektyna jest hormonem obecnym
w stosunkowo wysokim st¢zeniu we krwi, stanowigcym okoto 0,01% catkowitej ilo$ci
biatka w surowicy [75]. Odpowiada ona za utlenianie kwasow tluszczowych w migsniach
szkieletowych oraz hamowanie produkcji glukozy w watrobie, co poprawia homeostaze
energetyczng calego organizmu. Adiponektyna ma funkcje przeciwzapalng; redukuje
poziom stanu zapalnego oraz zmniejsza ryzyko chorob uktadu krazenia [76, 77, 78, 79].
Adiponektyna zwigksza wrazliwo$¢ komorek na insuling poprzez ograniczenie produkcji
glukozy w watrobie oraz wzrost wrazliwosci migsni szkieletowych na dziatanie insuliny

[80]. Niskie jej stezenia zaobserwowano u ludzi z MetS 1 otytos$cig brzuszng [81].
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Cytokina interleukina-8 (IL-8), odpowiedzialna za zwigkszenie migracji
prozapalnych makrofagobw M1 do tkanki tluszczowej, dziata prozapalnie,
antagonistycznie do adiponektyny [ 82 ]. IL-8 jest syntetyzowana mig¢dzy innymi
w adipocytach, a jej nadmierna produkcja moze prowadzi¢ do insulinoopornosci,
cukrzycy typu 2 i miazdzycy [83, 84, 85]. Obserwowano podwyzszone poziomy IL-8
u 0sob z MetS [86], chociaz istnieja doniesienia wskazujace na odwrotny zwigzek [87].
Stezenie 11-8 wzrasta podczas skurczoOw miegséni szkieletowych. Jest ona zaangazowana
w procesy proliferacji i angiogenezy w miesniach [88]. Zaobserwowano jej dziatanie
miejscowe w migsniach szkieletowych w wyniku podjecia aktywnosci fizycznej [89].
Istnieja rowniez doniesienia, ze ¢wiczenia fizyczne nie zwigkszaja stezenia krazacej

IL-8 [90].

Proces leczenia MetS oraz otylo$ci rozpoczyna si¢ od modyfikacji stylu zycia [91].
Kluczowe zmiany to modyfikacja sposobu zywienia [92] oraz zwigkszenie aktywnosci
fizycznej (PA). Niewystarczajacy poziom ruchu i siedzacy tryb Zycia naleza do
najwazniejszych czynnikéw determinujacych rozwoj MetS [93, 94]. Aktywnos$¢ fizyczna
prowadzi do wielu interakcji endokrynologicznych pomig¢dzy mig$niami szkieletowymi,
tkankg thuszczowa oraz innymi narzadami wydzielania wewnetrznego. Efektem
wprowadzenia systematycznych treningdw sg zmiany w poziomach krazacych miokin,
adipokin oraz cytokin immunologicznych, w efekcie czego dochodzi do redukcji masy
ciala, zmniejszenia ogodlnoustrojowego stanu zapalnego i insulinoopornos$ci oraz innych

zaburzen z obszaru zespolu metabolicznego [95, 96, 97].

Trening aerobowy prowadzi do znacznego wzrostu wydatku energii i stwarza
korzystne warunki do redukcji nadmiernej masy tkanki thuszczowej. Trening oporowy
ma natomiast istotne znaczenie w zwigkszeniu beztluszczowej masy ciata, skutkiem
czego jest wigksza insulino-wrazliwos¢ oraz duza efektywno$¢ w zachowaniu lub
zwigkszeniu spoczynkowej przemiany materii [98]. Wprowadzenie systematycznych
treningdbw oporowych skojarzonych z treningiem wydolno$ciowym daje szersze
perspektywy w zapobieganiu nawrotom otylosci [99] oraz prowadzi do poprawy
wskaznikow zespolu metabolicznego [100]. Istniejace dowody wskazuja, ze aktywnosé
fizyczna, taka jak trening wytrzymato$ciowy lub oporowy, wptywajac na metabolizm
tkanki thuszczowej i migéni szkieletowych, prowadzi do poprawy stanu zdrowia, nawet

bez spadku masy ciata [91, 101, 102].
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Lepsze zrozumienie roli, jaka odgrywaja leptyna, adiponektyna, omentyna IL-6,
IL-8 i iryzyna w MetS, moze pomdc w wyborze bardziej precyzyjnych interwencji
terapeutycznych poprzez wybodr odpowiednich metod treningowych, prowadzacych do
zmniejszenia stanu zapalnego, wzrostu insulino-wrazliwosci, redukcji poziomu tkanki
thuszczowej trzewnej oraz poprawy stanu zdrowia w wielu innych obszarach [103, 104,
105]. Wyniki badan nie wskazuja na jednoznaczne rezultaty w zmianach i stgzen
adipokin, wywotlanych pod wptywem zastosowanej formy ¢wiczen u pacjentow z MetS.

Autorzy innych prac sugeruja, ze nalezy przeprowadzi¢ wigcej badan w tym zakresie

[104, 106].
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2. Cel pracy, pytania oraz hipotezy badawcze

2.1. Cel pracy

Celem badan byla ocena wptywu dwoch typow dwunastotygodniowego treningu
fizycznego (trening o charakterze aerobowym vs trening o charakterze aerobowo-
oporowym) na sktad ciala, poziom wskaznikow insulinoopornosci, profil lipidowy oraz
stezenie wybranych adipokin u me¢zczyzn z MetS, w odniesieniu do mezczyzn z MetS
nie poddawanych treningowi (grupa kontrolna). Nastepnie badani ze wszystkich trzech
grup zostali poddani czterotygodniowej obserwacji bez zaplanowanej interwencji

(follow-up).

2.2. Pytania badawcze
Postawiono nastgpujace pytania badawcze:

1. Jak zmienia si¢ sklad ciata u mezczyzn z zespotem metabolicznym poddanych

dwom typom dwunastotygodniowego treningu fizycznego?

2. Jak zmienia si¢ poziom wskaznikdéw insulinooporno$ci u me¢zczyzn z zespotem

metabolicznym poddanych dwém typom dwunastotygodniowego treningu fizycznego?

3. Jak zmienia si¢ poziom wskaznikéw profilu lipidowego u mezczyzn z zespotem

metabolicznym poddanych dwém typom dwunastotygodniowego treningu fizycznego?

4. Jak zmienia si¢ st¢zenie wybranych adipokin u mezczyzn z zespotem

metabolicznym poddanych dwém typom dwunastotygodniowego treningu fizycznego?

5. Czy zaobserwowane podczas interwencji zmiany w skladzie ciata, poziomie
wskaznikow insulinoopornosci, profilu lipidowego oraz st¢zeniu adipokin utrzymaja si¢

po czterech tygodniach obserwacji bez zorganizowanych treningdow?
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2.3. Hipotezy badawcze

1. Zastosowanie treningu fizycznego o charakterze mieszanym, aerobowo-
oporowym wptynie bardziej korzystnie na sktad ciala tj. redukcje masy tkanki
thuszczowej, zwigkszenie beztluszczowej masy ciata oraz poprawe dystrybucji tkanki
thuszczowej u mezczyzn z zespolem metabolicznym w pordwnaniu do treningu

o charakterze aerobowym.

2. Trening fizyczny o charakterze aerobowo-oporowym doprowadzi do bardziej
wyraznej redukcji poziomu insulinooporno$ci u m¢zezyzn z zespotem metabolicznym

w poréwnaniu do treningu aerobowego.

3. Zastosowanie treningu aerobowo-oporowego bedzie wigzalo si¢ z bardziej
korzystng zmiang we wskaznikach profilu lipidowego u me¢zczyzn z zespotem

metabolicznym niz zastosowanie treningu o charakterze aerobowym.

4. W grupie me¢zczyzn z zespotem metabolicznym stosujacych trening aerobowo-
oporowy dojdzie do bardziej korzystnych zmian w poziomie wybranych adipokin

w porownaniu do me¢zczyzn stosujacych trening o charakterze aerobowym.

5. W okresie obserwacji zmiany w skladzie ciata, poziomie wskaznikow
insulinoopornosci, profilu lipidowego oraz st¢zeniu adipokin ulegna dalszej poprawie,

jesli uczestnicy projektu utrzymaja wysoki poziom aktywnosci fizycznej.
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3. Materiat 1 metody badan

3.1. Materiat

Badania zaprojektowano jako prospektywne, randomizowane i kontrolowane. Na ich
przeprowadzenie uzyskano zgode¢e Komisji Bioetycznej Okregowej Izby Lekarskiej
w Krakowie (90/KBL/OK/2020 z dnia 05. 06. 20).

Projekt badawczy zostal zarejestrowany w rejestrze badan klinicznych na platformie
ANZCTR (Australian New Zealand Clinical Trials Registry): numer rejestracji ACTRN
12622001394730. 4.

Na przeprowadzenie projektu (18/RID/2020) uzyskano finansowanie w ramach
programu Ministra Nauki i1 Szkolnictwa Wyzszego realizowanego pod nazwa

”Regionalna Inicjatywa Doskonato$ci” w latach 2019-2022, nr 022/RID/2018/19.

Badanie obejmowalo 62 me¢zczyzn w wieku 30-45 lat (Srednia wieku 37 + 7)

z podwyzszonym obwodem talii (WC) 2 94 cm i ze stwierdzonymi dwoma z czterech

kryteriow MetS: hipertrdjglicerydemia leczona farmakologicznie lub ste¢zenie
trojglicerydow >150 mg/dl (1,7 mmol/l); stezenie HDL-C < 40 mg/dl (1,03 mmol/l) -

u mezczyzn lub zaburzenia lipidowe leczone farmakologicznie; ci$nienie skurczowe

(SBP) 2 130 mm Hg lub rozkurczowe (DBP) = 85 mm Hg, lub leczenie wcze$niej

zdiagnozowanej nadci$nienia tetniczego; poziom GL na czczo w osoczu krwi 2 100

mg/dl (5,6 mmol/l) lub leczenie farmakologiczne cukrzycy typu 2 (IDF,
Migdzynarodowa Federacja Diabetologiczna, 2006 [107]).

Kryteria wykluczenia stanowily: brak orzeczenia lekarskiego o braku
przeciwwskazan do podjecia treningu zdrowotnego o charakterze aerobowo-oporowym,
niech¢¢ do kontynuowania interwencji (ponad 10% opuszczonych sesji treningowych),
niestabilna miazdzyca, niewyrownana niewydolno$¢ serca, niekontrolowane zaburzenia
rytmu serca, ci¢zkie nadci$nienie plucne ($rednie ci$nienie krwi w ptucach > 55 mm Hg),
objawowa zwezka aorty, ostre zapalenie migénia sercowego, wsierdzia lub osierdzia,
niekontrolowane ci$nienie krwi (> 180/110 mm Hg), rozwarstwienie aorty, zespot

Marfana, niekontrolowana cukrzyca, zaburzenia psychiczne, problemy zdrowotne
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(ortopedyczne, neurologiczne) uniemozliwiajace ruch, udzial w innym rodzaju

aktywnosci fizycznej podczas projektu oraz brak pisemnej zgody na udziat w badaniu.

Badani zostali losowo (poprzez losowanie zapieczgtowanych kopert) przydzieleni do

trzech grup:

e grupa eksperymentalna EG1 mezczyzn z MetS (n = 21), realizujacych trening
aerobowy (wiek: 34,21 + 6,06; wskaznik masy ciata, BMI: 34,57 + 4,58; obwadd talii,
WC: 114,7 +£10,93);

e grupa eksperymentalna EG2 mezczyzn z MetS (n = 21), realizujacych trening
aerobowo-oporowy (wiek: 37,37 + 7,08; BMI: 33,14 + 4,32; WC: 114,8 = 11,64);

e grupa kontrolna CG mezczyzn z MetS (n = 20), ktorzy nie realizowali zadnych

treningow (wiek: 38,26 = 7,43; BMI: 33,20 + 4,31; WC: 115,3 + 10,54).

Nie wykazano réznic migdzy wiekiem 1 podstawowymi parametrami

antropometrycznymi przed zastosowaniem interwencji.

Poddani badaniom me¢zczyzni otrzymali szczegdtowe informacje na temat procedur
1 celu badania oraz mozliwos$ci rezygnacji z interwencji na kazdym etapie. Wystapily
przypadki pacjentéw rezygnujacych z treningu oraz wykluczenia uczestnikow z powodu:
ponad 10% pominigtych treningdéw (3 przypadki), niekontrolowanego spozycia alkoholu
(2), nieobecnosci na sesjach kontrolnych (9) i zakazenia COVID-19 (3). Badani
zadeklarowali, ze nie beda zmienia¢ swojej diety, stosowacé lekow ani dodatkowej
aktywnos$ci fizycznej w czasie wolnym podczas trwania projektu. Wszyscy zlozyli
pisemng zgode na udzial w projekcie i zaakceptowali wykorzystanie swoich danych oraz

wynikow badania do celow naukowych.

Ze wzgledu na charakter interwencji, nie stosowano $lepej proby, jednak personel
laboratoryjny oraz biostatystyk nie byli $wiadomi przynalezno$ci poszczegodlnych

pacjentow do grup. Przebieg badania przedstawiono na Rycinie 1.
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Rekrutacja ochotnikéw do badania:
Pteé: meska,
Pacjent spetnia 3/5 kryteréw zespotu metabolicznego,
Wiek: 30 — 45 lat,

Dalsze kryteria wlaczenia/wykluczenia

A 2
4 N\

Losowe przypisanie do grupy
7
/I
& \J
v

Interwencja aerobowo-oporowa
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~

Interwencja aerobowa Grupa kontrolna (CG) bez

(EG]), n=21 interwengji, n =20
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\ Kontrola po 6

Kontrola po 4
Procedura kontrolna:
tygodniach rocedura kontrolna tygodniach
Wywiady zywieni izd tne;
obserwacji: ywiady zywieniowe { zdrowotne interwengji:
interwendja N Wypelnienie kwestionariuszy przez osoby badane; interwendja
aerobowa (EG1), Pomiar antropometryczny i analiza sktadu ciata; N aerobowa (EG1),
Badania hormonalne i biochemiczne krwi l
n=14 n=21
interwengja interwencja
aerobowo-oporowa v aerobowo-oporowa
2| @m
(EG2),n=16 K V= / (EG2),n=21
grupa kontrolna grupa kontrolna
(CG) bez interwendji, T (CG) bez

~

n=15

Kontrola po 12 tygodniach, zakoriczenie interwencji:

interwencii, n =20

interwencja aerobowa (EG1), n =18

interwencja aerobowo-oporowa (EG2), n =21

grupa kontrolna (CG) bez interwencgji, n = 18

/

Rycina 1. Przebieg badania

3.2. Metody

Zastosowano nast¢pujace metody badawcze, ktore przeprowadzano czterokrotnie:
przed rozpoczeciem treningu, podczas projektu (po 6 tygodniach i po 12 tygodniach

treningu) oraz 4 tygodnie po zakonczeniu sesji treningowych (badanie kontrolne):
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3.2.1. Pomiary antropometryczne

Bezposrednio zmierzono wysoko$¢ ciata (BH) [cm], mase ciata (BM) [kg] i obwod
talii (WC) [cm]. Pomiaru wysoko$ci ciata dokonano bez obuwia, w plaszczyznie
frankfurckiej, w pozycji stojacej z doktadnos$cia do 1 mm, przy uzyciu stadiometru (Seca
231 stadiometer, Hamburg, Niemcy). Masa ciata zostata zmierzona w pozycji stojacej na
standaryzowanej wadze medycznej (Beurer PS 240, Budapeszt, Wegry), z doktadnoscia
do 50 g. Obwadd talii (WC) zmierzono z doktadnoscia do 1 mm, przy uzyciu tasmy
antropometrycznej, miedzy dolnym brzegiem luku zebrowego, a goérnym brzegiem
grzebienia biodrowego, w pozycji stojacej. Zostal on zarejestrowany na koncu
delikatnego wydechu. Stosunek obwodu talii do wysokosci ciala (WHtR) uzyskano

poprzez podzielenie przez siebie wymienionych powyzej parametrow.

3.2.2. Sklad ciata

Poziom tkanki ttuszczowej (BF) [kg], [%], poziom tkanki tluszczowej androidalnej
(ANDR) [kg], poziom tkanki tluszczowej gynoidalnej (GYNOID) [kg], [%l],
beztluszczowa masa ciata (FFM) [kg], [%] oraz wskaznik masy ciala (BMI) [kg/m?]
zostaly ocenione za pomoca podwdjnej absorpcjometrii rentgenowskiej (DEXA).
Pomiaréw dokonano w Centrum Badan Klinicznych - Jagiellonskie Centrum Innowacji,
przy uzyciu urzadzenia Lunar Prodigy Primo PR+352163 (Chicago, IL, USA), zgodnie

z instrukcja producenta.

3.2.3. Biochemiczne wskazniki krwi

Probki krwi pobierano rano, po 12-godzinnym poscie i po 24-godzinnej przerwie od
treningu, z zyty lokciowej lub promieniowej do probdéwek (system Vacumed® F.L.
Medical, Torreglia, Italy), przez doswiadczony personel pielegniarski. Nastepnie byty
one poddane wirowaniu (RCF 1000x g) przez 15 minut w 4 °C (MPW-351R, MPW Med.
Instruments, Warsaw, Poland). Osocze bylo pobierane i przechowywane w temperaturze

-80 °C do dalszych badan (BIO Memory 690L, Froilabo, Paryz, Francja).
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Stezenie glukozy we krwi na czczo (GL) [mmol/l] zostalo oznaczone metoda
enzymatyczng, przy uzyciu analizatora biochemicznego Cobas c¢701/702 (Roche

Diagnostics International Ltd., Mannheim, Niemcy).

Stezenie insuliny w surowicy (INS) [plU/ml] zostalo oznaczone metoda
elektrochemiluminescencyjng (ECLIA), przy uzyciu aparatu Cobas €801 (Roche
Diagnostics International Ltd., Mannheim, Niemcy). Oznaczenia zostaly wykonane
zgodnie z instrukcjami producenta, przy uzyciu dedykowanych reagentow dla

analizatoréw GLUC3 i Elecsys Insulin, odpowiednio.

Z kolei poziomy trojglicerydow (TG) [mg/dl], calkowitego cholesterolu (TC)
i cholesterolu lipoprotein o duzej gestosci (HDL-C) w surowicy krwi zostaty oznaczone
przy uzyciu spektrofotometrii, z wykorzystaniem specyfikacji analizatora chemicznego
klinicznego Architect ci-4100 (Abbott Laboratories). Frakcja cholesterolu nie HDL

(nonHDL-C) zostata okreslona zgodnie z nastgpujacym wzorem:
nonHDL-C [mmol/l = 1] = TC [mmol/l — 1] — HDL-C [mmol/l — 1]

Ocena wrazliwosci na insuling zostala przeprowadzona z wykorzystaniem
homeostatycznego modelu oceny opornosci na insuling - adiponektyna (HOMA-AD)
[ 108 ], homeostatycznego modelu oceny opornosci na insuling - trojglicerydy
(HOMA-TG) [109] oraz przy uzyciu wskaznika szybkosci ilo§ciowe] wrazliwo$ci na

insuling (QUICKTI) [110], obliczonych na podstawie wzorow:
HOMA-AD = INS (pU/ml) x GL (mmol/1)/ADIPO (pg/ml),
HOMA-TG = INS (pU/ml) x GL (mmol/l)/TG (mg/dl),
QUICKI = 1/ [log INS (uIU/ml) + log GL (mmol/1)].

Stezenie GL, INS i profil lipidowy oznaczono w Laboratorium Medycznym

DIAGNOSTYKA w Krakowie.

3.2.4. Oznaczenia hormonalne z krwi

Stezenia leptyny, omentyny , iryzyny, IL-6, adiponektyna i IL-8 zostaly ocenione za

pomoca zestawow ELISA, zgodnie z wytycznymi producenta.
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Zestaw do oznaczania ludzkiej leptyny Sandwich ELISA (numer katalogowy EIA-
2395) zostat dostarczony przez DRG Instruments GmbH (Marburg, Niemcy). Zestaw do
oznaczania ludzkiej omentyny ELISA (numer katalogowy 201-12-0156) zostat
zakupiony od Shanghai Sunred Biological Technology Co. (Szanghaj, Chiny). Zestaw
ELISA do IR (numer katalogowy 201-12-5328) zostal zakupiony od Shanghai Sunred
Biological Technology Co. (Szanghaj, Chiny). Zestaw ELISA do IL-6 (numer
katalogowy IL E-3200IL-6) zostat zakupiony od LDN Labor Diagnostika Nord GmbH &
Co.KG (Am Eichenhain, Niemcy). Do pomiaru adiponektyny zostal wykorzystany
zestaw ELISA (numer katalogowy E09) zakupiony od firmy Mediagnost (Reut-Lingen,
Niemcy). Zestaw ELISA do oznaczen IL-8 (numer katalogowy EIA-4700) zostat
zakupiony od firmy DRG Instruments GmbH (Marburg, Niemcy).

Do pomiaru absorbancji przy 450 nm wykorzystano spektrofotometryczny czytnik
mikroptytek ELx 808 (BioTek, Winooski, VT, USA). Oznaczenia przeprowadzono w
Pracowni Genetyki 1 Biologii Molekularnej Katedry Fizjologii Collegium Medicum

Uniwersytetu Jagiellonskiego w Krakowie.

Wskaznik stosunku adiponektyny do leptyny (ADIPO/LEP ratio) zostat obliczony na

podstawie wzoru:

ADIPO/LEP ratio = ADIPO (ng/ml) / LEP (ng/ml)

3.2.5. Ocena catkowitych wydatkow energetycznych oraz warto$ci

energetycznej diety

Do oceny dziennych wydatkow energetycznych wykorzystano Migdzynarodowy
Kwestionariusz Aktywnos$ci Fizycznej (IPAQ) [111]. Catkowite wydatki energetyczne
(TEE) zostaty obliczone jako suma termogenezy niezwigzanej z ¢wiczeniami fizycznymi
(NEAT) oszacowanej za pomoca kwestionariusza IPAQ 1 wydatkow energetycznych

zwigzanych z interwencjami wprowadzonymi w grupach EG1 i EG2.

Aby oceni¢ warto$¢ energetyczng [kcal/dzien] diety uczestnikéw, pacjenci prowadzili
dzienniczki Zzywieniowe, ktore byly na biezaco analizowane podczas treningdw
grupowych. Podczas kazdego punktu kontrolnego dietetyk przeprowadzit szczegdtowy

wywiad zywieniowy z ostatnich 3 dni, wykorzystujac metod¢ zapisu zywieniowego.
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Dane uzyskane z wywiadu zostaly przeanalizowane przy uzyciu programu DietaPro
(wersja 4.0, Instytut Zywnosci i Zywienia, Warszawa, Polska), aby ilo§ciowo ocenié
nawyki zywieniowe i monitorowa¢ zmiany w diecie w trakcie interwencji. Na podstawie
uzyskanych wynikéw wygenerowano raport dotyczacy sktadnikéw odzywcezych: biatek

[g], weglowodandw [g] i thuszezy [g].

3.3. Interwencje treningowe

Interwencje treningowe zostaly przeprowadzone w klubie fitness w Krakowie, pod
nadzorem trenera personalnego. Sesje treningowe odbywatly si¢ o tej samej porze dnia
(wieczorem, od 18:00 do 21:00), pod opieka tego samego trenera, w pomieszczeniu
z stalg temperaturg (22 stopnie Celsjusza) i wilgotnoscia powietrza. Przestrzeganie
interwencji byto monitorowane za pomoca listy obecno$ci na zajgciach, a uczestnicy,
ktérzy opuscili ponad 10% treningéw przez 12 tygodni, zostali wylaczeni z analizy.

Indywidualne planowanie i monitorowanie intensywnos$ci treningu aerobowego
i oporowego oparte byto na wytycznych American College of Sports Medicine [112].
Czgstos¢ skurczow serca podczas treningu byta kontrolowana za pomoca systemu Polar
M200 GPS z pulsometrem na nadgarstku. Maksymalne obcigzenie jednorazowe (1RM)
zostalo ustalane przed treningiem oporowym. Obcigzenie i liczba powtdrzen byty
rejestrowane i przeliczane na podstawie kalkulatora 1RM, przy uzyciu wzoru Brzyckiego
[113, 114].

Celem interwencji bylo wykonanie 3 treningdw aerobowo-oporowych tygodniowo,
czyli 3 x 5,5 MET na tydzien lub w przypadku treningu aerobowego: 3 x 6 MET
(Compendium of Physical Activities, 2011) [115].

3.3.1. Trening aerobowy

Interwencja treningu aerobowego (Rycina S1, Aneks) obejmowata trzy sesje
treningowe tygodniowo w klubie fitness, w grupach do pigciu uczestnikow. Trening
rozpoczynal si¢ pieciominutowa rozgrzewka na biezni (Technogym New Excite Run
Now 500, Cesena, Wtochy), przy 50% maksymalnej pracy serca (HR max). Nastepnie
uczestnicy zwigkszali intensywno$¢ swojego treningu do 70% HR max poprzez

zwigkszenie predkosci lub kata nachylenia biezni, oporu na rowerach stacjonarnych
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(Technogym Artis, Cesena, Wlochy) lub zakresu ruchu lub oporu na eliptycznych
maszynach treningowych (Precor EFX556i Elipsa, Woodinville, WA, USA). Cwiczenia
aerobowe polegaty gtownie na szybkim chodzeniu lub truchcie na biezni. W przypadku
pojawienia si¢ bolu ze strony uktadu mig$niowo-szkieletowego, uczestnicy mieli
mozliwo$¢ zmiany urzadzenia. Trening miat charakter ciagly i utrzymywat staly poziom
HR, trwatl 45 minut. Po treningu aerobowym uczestnicy rozciagali przez 10 minut

zaangazowane na treningu grupy migsniowe.

3.3.2. Trening aerobowo-silowy

Interwencja aerobowo-oporowa (Tabela S1, Aneks) odbywala si¢ trzy razy
w tygodniu, w grupach do pigciu uczestnikéw, pod nadzorem trenera personalnego. Jedna
sesja ¢wiczen trwala 60 minut. Trening rozpoczynat si¢ pigciominutowg, aerobowa
rozgrzewka na biezni, na poziomie intensywno$¢ 50% HR max.

Trening oporowy obejmowatl poczatkowo trzy zlozone ¢wiczenia, takie jak
wiostowanie jednorgcz, przysiady i pompki w odcigzeniu, w czterech seriach, ze
120-sekundowymi przerwami mig¢dzy nimi. Ze wzgledu na adaptacj¢ treningowa
uczestnikow grupy, w drugim tygodniu interwencji zamiast treningu catego ciata
wprowadzono trening partii antagonistycznych (push-pull). W dniu treningowym ‘push’
uczestnicy grupy wykonywali ¢wiczenia na migsnie klatki piersiowej, migsnie
naramienne, tréjgtowe ramienia oraz mig¢snie czworogtowe ud, natomiast w dniu ‘pull’
zostaly zastosowane ¢wiczenia na mig$nie grzbietu, dwuglowe ramienia, dwuglowe ud
oraz mig¢$nie brzucha. Objetos¢ treningu zostata natomiast zmieniona na 6 ¢wiczen po
3 serie z 90-sekundowymi przerwami. Po 3 tygodniach interwencji, trening byt
wykonywany w 9 ¢wiczeniach po 3 serie, z przerwami 60-sekundowymi. Obcigzenie
stopniowo zwigkszano od pierwszego tygodnia, od 50% 1RM do 70% 1RM w drugim i
pozostatych 10 tygodniach interwenc;ji.

Po ¢wiczeniach oporowych nastgpil element treningu aerobowego: uczestnicy
trenowali z intensywnos$cig 50% HR max w pierwszym tygodniu i 70% HR max od
drugiego tygodnia interwencji na biezni (Technogym New Excite Run Now 500, Cesena,
Witochy), rowerku stacjonarnym (Technogym Artis, Cesena, Wlochy) lub x-trainerze
(Precor EFX556i Elipsa, Woodinville, WA, USA). Aby unikna¢ przecigzenia stawow

konczyn dolnych, badani mogli korzysta¢ z tych trzech urzadzen naprzemiennie.
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Czas trwania sesji treningu oporowego wynosit odpowiednio 30, 35 i 40 minut,
a nastepnie odpowiednio 20, 15 i 10 minut treningu aerobowego. Sesja treningowa
zakonczyta si¢ fazg rozciaggania (5 min.).

Zmiany w obcigzeniach ¢wiczen sitowych w trakcie interwencji i w okresie
obserwacji dla grupy EG2 byly istotne statystycznie w analizowanym okresie (Tabela

S2., Aneks).

3.4. Analiza statystyczna

W celu realizacji podjg¢tego problemu badawczego oraz weryfikacji postawionych

hipotez zastosowano wybrane metody statystyczne.

Test Shapiro-Wilka zostal wykorzystany do badania rozkladu analizowanych
zmiennych. W przypadku, gdy zmienne wykazywaty rozktad inny niz normalny, réznice
pomiedzy grupami zostaty ocenione za pomocg testu Kruskala-Wallisa. Aby poréwnac
wplyw interwencji na zmiany pomig¢dzy pomiarami w poszczegolnych grupach,
w analizowanych zmiennych, zastosowano test Friedmana z poréwnaniem post hoc (test
Wilcoxona-Nemenyi). Wielkos¢ efektu (ES) zostata oszacowana dla testu Friedmana:
W=X2/N (K -1), gdzie W to wartos¢ W Kendalla, X2 to wartos¢ statystyki testu
Friedmana, N to wielko$¢ proby, a K to liczba pomiar6w na jednego uczestnika.
Wspotczynnik W Kendalla uzywa kryteriow interpretacji Cohena. Dla zmiennych

nieparametrycznych obliczono wspoétczynnik korelacji rangowej Spearmana (r).

Dla zmiennych, ktore wykazywaty normalny rozklad, réznice migdzy grupami
badanymi i grupa kontrolng oceniano za pomocg jednoczynnikowej analizy wariancji dla
grup niezaleznych. Do poroéwnania efektéw interwencji w analizowanych zmiennych
w grupie eksperymentalnej i kontrolnej wykorzystano test ANOVA z powtarzanymi
pomiarami z pordwnaniami post hoc (test Tukeya). Jednorodno$¢ wariancji w grupach

zostala sprawdzona za pomocg testu Levene'a.

Wielkos¢ efektu (ES) dla testu ANOVA obliczono, wykorzystujac wspotczynnik eta
kwadrat (n?), ktory jest stosunkiem sumy kwadratow (SS) dla efektu do catkowitej sumy

kwadratow (SS). Interpretacja wspodtczynnika eta kwadrat opiera si¢ na wytycznych

Cohena: 0,1 = 0,3 (niski efekt), 0,3 < 0,5 (umiarkowany efekt) i 2 0,5 (duzy efekt) [116].
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W celu okres$lenia zaleznosci liniowej pomig¢dzy analizowanymi zmiennymi zostat

obliczony wspotczynnik korelacji Pearsona (r). Interpretacja korelacji Pearsona

w zakresie <0 - 1> zostala dokonana w nastgpujacy sposob: 0 < r <0,3 brak lub bardzo
staba korelacja, 0,3 < r <0,5 umiarkowana korelacja, 0,5 < r <0,7 silna korelacja, 0,7 < r

< 1 bardzo silna korelacja.

Do wyjasnienia zmienno$ci stezen iryzyny, IL-6, leptyny oraz adiponektyny,
wykorzystano regresj¢ wieloraka, wykorzystujac ekonometryczny model regresji
liniowej, oszacowano metoda najmniejszych kwadratéw. W modelu btedy standardowe
reszt 1 wartosci p-value zostaly skorygowane, korzystajac z odpornych bledow

standardowych korygujacych heteroskedastycznos¢.

We wszystkich analizach efekty uznano za istotne, jesli wartos¢ prawdopodobienstwa
p byta mniejsza niz przyjety poziom istotnosci a = 0,05 (p <0,05). Do wykonania obliczen

wykorzystano pakiet ggplot2 programu RStudio IDE w jezyku programowania R.
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4. Najwazniejsze wyniki

Doktadny opis uzyskanych podczas analiz wynikow przedstawiony jest, takze
w formie tabel i rycin, w trzech opublikowanych artykutach wchodzacych w sktad cyklu

dysertacyjnego. Ponizej zebrano najwazniejsze wyniki.

Zastosowana interwencja w postaci treningu aerobowego w grupie EG1 wigzala si¢ z
istotnym wzrostem MET [min/tydzien] oraz wydatkowania energii [kcal/dzien]
w kazdym tygodniu pomiaréw w stosunku do pierwszego tygodnia badan (p = 0,00).
Catkowite wydatki energetyczne w grupie EG1 wyniosty 823,37 + 175,76 kcal/dzief po
6 tygodniach oraz 835,18 + 234,05 kcal/dzien po 12 tygodniach interwencji. Badani
z grupy stosujacej trening aerobowy, zgodnie z zalozeniami projektu, nie zmieniali
warto$ci energetycznej diety [kcal/dzien] po 6 (p = 0,53) i 12 (p = 0,22) tygodniach

trwania interwencji.

Zastosowanie treningdw aerobowo-oporowych w grupie EG2 rowniez wigzato si¢ ze
wzrostem MET [min/tydzien] oraz wydatkowania energii [kcal/dzien] w kazdym
tygodniu pomiaréw w stosunku do pierwszego tygodnia badan (p = 0,00). Calkowite
wydatki energetyczne w grupie EG2 wyniosty 735,17 + 119,64 kcal/dzien po
6 tygodniach oraz 797,89 + 383,25 kcal/dzien po 12 tygodniach interwencji Wraz ze
wzrostem wydatkéw energetycznych w tej grupie badanej doszto do wzrostu energii

[kcal/dzien] dostarczanej w diecie (p = 0,00).

W okresie obserwacji w grupach EG1 oraz EG2 badani utrzymali wysoki poziom
aktywnosci fizycznej, wynoszacy 838,00 £+ 350,75 kcal/dzien w grupie EG1 (p < 0,001)
oraz 749,17 + 430,71 kcal/dzieh w grupie EG2 (p = 0,03), utrzymujac poziom MET
[min/tydzien] oraz wydatkowania energii [kcal/dzien] zblizony do wydatkow

energetycznych podczas interwencji.

4.1. Zmiany w skladzie ciata

Po zastosowaniu interwencji w grupie stosujacej trening aerobowy (EGI)
potwierdzono redukcj¢ masy ciata (p < 0,001) w stosunku do warto$ci wyjsciowych.

Spadek masy ciata wynidst —2,6 kg (p < 0,001) juz po 6 tygodniach interwencji.
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Redukcja poziomu tkanki ttuszczowej (BF), w grupie EG1 zostala zauwazona po
6 (p <0,001)1 12 (p = 0,01) tygodniach interwencji w poréwnaniu z poczatkowymi

pomiarami. Srednia redukcja poziomu tkanki thuszczowej wyniosta —1,52 kg.

Analizujac dystrybucje¢ tkanki thuszczowej w grupie EG1, potwierdzono spadek
gynoidalnej tkanki tluszczowej po 6 tygodniach interwencji (p = 0,03) oraz spadek
procentowej zawartosci tkanki thuszczowej trzewnej po 6 (p = 0,05) i 12 (p = 0,03)

tygodniach interwencji. Sredni spadek wyniost —3,4% (p = 0,04).

W grupie aerobowo-oporowej (EG2) nie potwierdzono zmian w masie ciata
zachodzacych pod wptywem interwencji treningowej. Zaobserwowano jednak znaczacy
wzrost FFM pomigdzy pomiarami (p < 0,001), wynoszacy 4,07 kg juz po 6 tygodniach
interwencji (p < 0,001) oraz spadek poziomu tkanki thuszczowej po 6 (p = 0,02) i 12
(p = 0,01) tygodniach, wynoszacy po 12 tygodniach -2,2 kg.

W analizowanej grupie EG2 potwierdzono zmiany zachodzace w obwodzie talii
(WC), zarowno pomig¢dzy pomiarami (p < 0,001), jak i w kazdym z analizowanych
momentéw pomiarowych (p = 0,01). Zmniejszenie obwodu talii wyniosto §rednio 3,8 cm

po 12 tygodniach interwencji (p = 0,01).

W grupie aerobowo-oporowej réwniez potwierdzono spadek gynoidalnej tkanki
thuszczowej pomig¢dzy pomiarami (p < 0,001). Poziom tkanki tluszczowej trzewnej

réwniez ulegt redukcji w grupie EG2, jednak zmiany nie byly istotne statystycznie.

4.2. Zmiany w poziomie wskaznikow insulinoopornosci i profilu lipidowego

Zastosowanie treningu aerobowego zwigkszyto warto$¢ wskaznika QUICKI
pomiegdzy pomiarami (p = 0,02). W przypadku wskaznika HOMA-TG, potwierdzono
zmiany mi¢dzy pomiarami w grupie EG1 (p = 0,04). Podczas interwencji aecrobowej
zaobserwowano stopniowy spadek poziomu nieHDL-C, byt to jednak spadek na granicy

istotnosci statystycznej (p = 0,05).

Analizujac zmiany wskaznikéw opornosci na insuling w grupie poddanej treningowi
aerobowo-oporowemu (EG2) zaobserwowano, ze po poczatkowym wzro$cie nastgpowat
znaczacy spadek insulinoopornosci pomig¢dzy kolejnymi pomiarami. Potwierdzono

zmiany miedzy pomiarami (p = 0,02) w wartosciach HOMA-AD w grupie EG2.
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Zaobserwowano poczatkowy wzrost po 6 tygodniach (p = 0,03), a nastgpnie spadek
wartosci HOMA-AD w kolejnych pomiarach. W przypadku wskaznika HOMA-TG,
réwniez potwierdzono zmiany mig¢dzy pomiarami (p = 0,03), analogiczne jak
w przypadku HOMA-AD. W EG2 potwierdzono poczatkowe zmniejszenie QUICKI po
6 tygodniach interwencji (p = 0,04), po czym nastgpit wzrost wartosci wskaznika

QUICKI (p < 0,001) pomigdzy pomiarami.

4.3. Zmiany w stezeniu adipokin

Pod wptywem interwencji acrobowej w grupie EG1 doszto do zmian poziomu miokin
oraz adipokin. Stwierdzono zmian¢ stezenia iryzyny (p = 0,02) oraz IL-6 (p = 0,01)
pomiedzy pomiarami. W przypadku leptyny, po poczatkowym wzroscie (p = 0,01),
potwierdzono znaczny spadek w 12-tygodniu interwencji (p = 0,01). Obserwacje
w poziomie omentyny oraz adiponektyny nie potwierdzily istotnych zmian zar6wno
wewnatrz grup interwencyjnych, jak i pomigdzy grupami. Wystapity jednak zmiany
w stosunku ADIPO/LEP w grupie EG1 pomig¢dzy pomiarami (p < 0,001) oraz po 6
(p=0,01)i16 (p <0,001) tygodniach.

Analizujgc zmiany stezenia cytokiny IL-8 w grupie EG1, odnotowano spadek

stezenia IL-8 w pierwszych 6 tygodniach interwencji (p = 0,04).

U pacjentow z grupy EG2, podejmujacych treningi aerobowo-oporowe nie
zaobserwowano zmian w st¢zeniu iryzyny, potwierdzono jednak spadek IL-6 pomie¢dzy
pomiarami (p = 0,01), a Srednie stezenia IL-6 byty nizsze w kazdym kolejnym pomiarze,

osiggajac ponad dwukrotny spadek po 12 tygodniach.

W grupie EG2 zaobserwowano réwniez stopniowy spadek stezenia leptyny w okresie
interwencji: po 12 tygodniach st¢zenie leptyny zmniejszyto si¢ $rednio o -2,53 ng/ml
(p = 0,02). Obserwacje w poziomie hormonu omentyny, IL-8 oraz adiponektyny nie
potwierdzity istotnych zmian zarowno wewnatrz grupy interwencyjnej, jak i pomi¢dzy

nimi.
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4.4. Zmiany w analizowanych parametrach po czterech tygodniach obserwacji

W okresie czterech tygodni obserwacji, w ktérym badani nie byli poddani
zorganizowanym treningom fizycznym, w grupie EG1 utrzymat si¢ obnizony poziom
masy ciata (p = 0,03) oraz dalszej redukcji ulegl zarowno poziom trzewnej (p = 0,02), jak

1 ogdlnej tkanki ttuszczowej (p = 0,02).

W okresie obserwacji (follow-up) w grupie EG2 zaobserwowano dalszg progresje
beztluszczowej masy ciata (FFM [%]), ktorej wzrost w stosunku do danych wyj$ciowych
wyniost 5,8% (p < 0,001). W tej samej grupie utrzymaly si¢ rezultaty dotyczace
zmniejszenia obwodu talii w stosunku do wartosci wyjsciowej (p = 0,01). W grupie tej
zaobserwowano dalszy spadek gynoidalnej (p < 0,001), jak i og6lnej tkanki ttuszczowej
(p <0,001).

W okresie obserwacji, po 16 tygodniach projektu, potwierdzono wzrost wartosci
wskaznika QUICKI w grupie EG1 (p = 0,01) oraz istotny spadek stezenia glukozy we
krwi pomigdzy pierwszym, a szesnastym tygodniem trwania projektu (p = 0,02).

W okresie czterech tygodni obserwacji (follow-up) potwierdzono istotne zmiany
poziomu insuliny (p = 0,03) pomiedzy pomiarami w EG2. Najwiekszy spadek poziomu
insuliny nastapil miedzy pierwszym a szesnastym tygodniem trwania projektu (p = 0,03).
Najbardziej znaczace zmiany w HOMA-TG zaobserwowano po 16 tygodniach,
w ktorych redukcja wskaznika insulinooporno$ci wyniosta 40% (p = 0,04) w stosunku do

pomiaru wyjsciowego.

W okresie obserwacji nastapil wzrost st¢zenia leptyny w grupie aerobowej (p <0,001)

1 zwigzana z nim zmiana w proporcji ADIPO/LEP (p < 0,001).

Natomiast grupe aerobowo-oporowa w okresie follow-up charakteryzowat dalszy

spadek stezenia IL-6 (p < 0,001) o 74% od warto$ci wyjsciowe;.
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5. Dyskusja

Celem projektu byla ocena wplywu dwoch réznych interwencji treningowych
(trening aerobowy i trening aerobowo-oporowy) trwajacych dwanascie tygodni oraz
czterech tygodni obserwacji - bez zorganizowanych treningdéw, na sktad ciata, poziom
iryzyny, interleukiny-6, leptyny, omentyny, adiponektyny, interleukiny-8 oraz wskazniki
zespotu metabolicznego w poréwnaniu z grupa kontrolng u mezczyzn z zespotem

metabolicznym.

Analizujgc sktad ciata osob bioragcych udziat w badaniu, potwierdzono spadek
poziomu tkanki tluszczowej w grupach interwencyjnych oraz tluszczu trzewnego
w grupie stosujacej trening aerobowy. Najbardziej korzystne zmiany zaszly w grupie
EG2, w ktorej doszto do wzrostu bezthuszczowej masy ciata, a takze najwigkszego spadku
obwodu talii, poziomu tkanki tluszczowej oraz gynoidalnej tkanki tluszczowe;.
Potwierdzono réwniez korzystny wplyw treningu aerobowego i aerobowo-oporowego na
wskaznik opornosci insulinowej QUICKI, ktérego zmiany byly istotnie zwigzane
z poziomami leptyny. Najwiecej korzystnych zmian we wskaznikach insulinoopornosci
miato miejsce w grupie EG2, w ktorej znacznej redukcji ulegly poziomy zaréwno
HOMA-AD oraz HOMA-TG, jak i samej insuliny. Wyniki badania potwierdzily istotne
zmiany w poziomie iryzyny w grupie stosujgcej trening aerobowy oraz w poziomie IL-6
w obydwu grupach interwencyjnych. W grupie EG2 zaobserwowano najwickszy spadek
poziomu IL-6 w ciggu 16 tygodni. Doszto réwniez do zmian w poziomach leptyny pod
wplywem zastosowanych interwencji treningowych. Obserwowano rowniez wahania
hormonu w grupie kontrolnej. Najwigksza regresja poziomu leptyny podczas trwania
projektu miata miejsce w grupie EG2. W opisanych modelach potwierdzono $cistg
zalezno$¢ pomigdzy iryzyna, IL-6, a poziomem tkanki ttuszczowej i bezttuszczowej masy
ciata, bedacych zrédtem syntezy tych hormonow. Uzyskane wyniki wskazujg takze na
istotng korelacje miedzy poziomem leptyny a miejscem jej syntezy, czyli tkanka
thuszczowa, w tym tkanka tluszczowa trzewna oraz zmianami zachodzacymi w niej
podczas interwencji. Potwierdzono zalezno$¢ pomiedzy adiponektyna, a gynoidalng

tkankg thuszczowa 1 wskaznikami insulinooporno$ci.

Najbardziej korzystne zmiany sktadu ciata zaszly w grupie stosujacej potaczenie
treningu aerobowego z treningiem oporowym. Brak istotnych zmian w poziomie masy

ciala byt prawdopodobnie wynikiem zmian w proporcji pomi¢dzy tkanka tluszczowa
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a mig$niami szkieletowymi. Podczas trwania interwencji potwierdzono znaczny spadek
tkanki thuszczowej (—6,9% czyli -2,24 kg) i wzrost beztluszczowej masy ciata (6,0%, juz
po 6 tygodniach interwencji wzrost o 4,07 kg). W przegladzie 149 badan dotyczacych
stosowania treningdw fizycznych u pacjentow z nadwaga lub otyloscia autorzy
podkreslaja rolg treningu oporowego w zapobieganiu utraty beztluszczowej masy ciata.
Zastosowanie treningéw oporowych prowadzi do mniejszej utraty FFM oraz zauwazane
sa zblizone efekty w redukcji poziomu tkanki ttuszczowej w stosunku do innych form
aktywnosci fizycznej [117]. W grupie stosujacej sam trening aerobowy réwniez zaszly
korzystne zmiany w skladzie ciata. Doszto do redukcji masy ciata o -2,3 kg, gléwnie
w wyniku utraty poziomu tkanki thuszczowej -1,81 kg, szczegdlnie tkanki ttuszczowej
trzewnej. W metaanalizie badan [118] autorzy podkreslaja bardziej istotng role treningu
aerobowego lub potaczenia treningu aerobowego z oporowym w grupie pacjentdw
z otyloscig w redukcji poziomu trzewnej tkanki thuszczowej, niz treningdw oporowych.
Inni badacze réwniez potwierdzili zmiany w sktadzie ciala 0sob otylych podejmujacych
r6ézne formy interwencji treningiem fizycznym. W badaniu Villareal i inni [99] kobiety
oraz me¢zczyzni wykonywali treningi aerobowe, sitowe lub polaczenia obydwu form
aktywnosci fizycznej 3 razy w tygodniu przez okres 26 tygodni. We wszystkich grupach
interwencyjnych rezultaty w utracie masy ciata byty zblizone i wyniosty ok. 9 %. Ponadto
najwickszy ubytek bezthuszczowej masy ciata zostal zaobserwowany w grupie stosujacej
trening aerobowy (-5%), w grupie stosujgcej sam trening oporowy -2% i grupie stosujacej
potaczenie treningu acrobowego z oporowym rowniez potwierdzono spadek FFM o -3%.
Ubytek tkanki tluszczowej byl zblizony we wszystkich trzech grupach i wyniost okoto
17%.

Podczas realizacji projektu potwierdzono istotne zmiany we wskaznikach
metabolizmu weglowodanéw w obydwu grupach interwencyjnych. Wyrazne rezultaty
w poprawie wrazliwosci komoérek na dzialanie insuliny zauwazono w grupie stosujacej
potaczenie treningu aerobowo-oporowego po 16 tygodniach trwania projektu. Khan i inni
[109] zaproponowali HOMA-TG, jako dobry wskaznik do diagnozowania MetS,
wskazujac, ze wskaznik ten moze zapewni¢ wyzsza skuteczno$¢ diagnostyczng w
diagnozowaniu MetS niz HOMA-IR, HOMA2 i QUICKI. Matsuhisa i inni [108]
zauwazyli, ze HOMA-AD wykazal wyzsza korelacj¢ z poziomem oporno$ci na insuling
niz HOMA-IR. Nasze badania potwierdzily rowniez, ze oba wskazniki byly silnie

skorelowane ze sobg. Warto$ci obu wskaznikow zmieniaty si¢ istotnie po interwencji
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aerobowo-oporowej: po 16 tygodniach zmniejszenie HOMA-AD wyniosto 46%,
a HOMA-TG ulegto spadkowi o 39%. Takie korzystne zmiany w metabolizmie
weglowodanéw, wynikajace z zastosowania potaczonego treningu sitowego
1 aerobowego, moga otworzy¢ perspektywy w leczeniu oséb z MetS, opornoscig na

insuling 1 cukrzyca typu 2.

Procesy, ktore moga zachodzi¢ pod wplywem treningdéw, powinny by¢ doktadnie
analizowane, aby wlasciwie zrozumie¢ zwigzek migdzy opornos$cia na insuling,
a aktywnoscig fizyczng u mezczyzn z MetS 1 otylo$cig. Migsénie szkieletowe stanowia
glowny obszar metabolizmu weglowodanéw w organizmie cztowieka; ponadto sg takze
gléwnym obszarem rozwoju opornosci na insuling [119]. Chroniczny dodatni bilans
energetyczny organizmu prowadzacy do otylosci, prowadzi nie tylko do zaburzen
w poziomach adipokin, ale takze do gromadzenia tkanki tluszczowej w watrobie
1 mig$niach szkieletowych, a nastgpnie do nieprawidlowej odpowiedzi metabolicznej,
obejmujacej gltéwnie opornos¢ na insuling. Gléwnym mechanizmem regulujacym
poziom insuliny jest aktywacja substratu receptora insuliny IRS (insulin receptor
substrate), ktorego funkcjonowanie jest uposledzone przy otytosci [120]. W otylosci,
czynniki transkrypcyjne takie jak SERBPlc moga prowadzi¢ do rozwoju
lipotoksyczno$ci w migsniach szkieletowych poprzez odktadanie trojglicerydow,
acylowanych koenzyméw A, fosfatydow, diacylogliceroli (DAG) i ceramidow [121].
W naszych badaniach, w grupie EG2 zaobserwowano istotny wzrost FFM w pierwszych
6 tygodniach interwencji, wynoszacy 4,1%, a w tym samym okresie obserwowano
zmniejszenie poziomu GYNOID. Jednak wskazniki oporno$ci na insuling HOMA-AD
1 HOMA-TG wzrosty o0 31,6% i 22,5%. Gtéwnym czynnikiem wpltywajacym na wzrost
opornosci na insuling byt wzrost st¢zenia insuliny w analizowanym okresie. Wzrost
stezenia insuliny mogl wynika¢ z ograniczonej zdolnosci do reagowania na insuling w jej
receptorze IRS, spowodowanej lipotoksycznoscia, zwigzang z odkladaniem
trojglicerydow w migsniach szkieletowych i1 zaburzeniami sygnalizacji insuliny
w tkankach oraz ograniczeniem funkcji transportera glukozy typu 4 (GLUT4) [122, 123].
Insulinooporno$¢ mogla by¢ réwniez zwigzana z wystepowaniem mikrouszkodzen
migsni, spowodowanych skurczami ekscentrycznymi, ktérych wydhluzona faza jest
charakterystyczna dla treningu oporowego. Liczne mikrouszkodzenia mig$ni wptywaja
na obnizenie poziomu GLUT4 1 ograniczenie resyntezy glikogenu [ 124 ].

Prawdopodobienstwo wystgpienia mikrouszkodzen mig$niowych byto wigksze w grupie
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stosujacej trening aerobowo-oporowy, ze wzgledu na poczatkowe procesy adaptacyjne

zachodzace w wyniku zwigkszenia objetosci 1 intensywnosci treningu oporowego.

W grupie stosujacej trening aerobowy potwierdzono spadek wskaznika QUICKI
pomiedzy pomiarami oraz - w tescie post-hoc - zaobserwowano istotny spadek poziomu
glukozy po 16 tygodniach interwencji. Takie zmiany moga by¢ zwigzane dziataniem
iryzyny, ktéra wpltywa na zwigkszenie ekspresji transportera glukozy 4 (GLUT4)
w adipocytach [ 125]. Stymulacja ludzkich komorek migsniowych iryzyng istotnie
zwigkszyla pobieranie glukozy i kwasow ttuszczowych o 30-40 % przez okres 1 godziny
[126]. W grupach interwencyjnych potwierdzono ujemna korelacj¢ pomigdzy leptyna,
a QUICKI oraz istotng statystyczng zmienno$¢ pomie¢dzy adipoking, a wskaznikiem
metabolizmu weglowodanow w przedstawionym modelu regresji wielorakiej (praca
nr 2). Wykazana zalezno$¢ wskazuje na wysoce prawdopodobny zwigzek przyczynowo
skutkowy wplywu leptyny na poziom insulinooporno$ci u pacjentdéw z zespotem
metabolicznym. Szczeg6lnie zauwazalne rezultaty w redukcji poziomu leptyny oraz
poprawie wskaznikéw insulinoopornosci wystapily w grupie stosujacej trening
aerobowo-oporowy. Podobng korelacje¢ migdzy leptyna, a QUICKI w przypadku zespotu

metabolicznego potwierdzili inni badacze [127].

Wyniki naszego badania wskazuja na wzrost poziomu HDL-C o 5,8% w grupie
interwencji aerobowej 1 o 8,3% Ww grupie interwencji aerobowo-oporowej po
16 tygodniach, jednak opisane zmiany nie osiaggngty wymaganego poziomu istotno$ci.
W metaanalizie badan analizujacych wptyw aktywnosci fizycznej na parametry lipidowe
potwierdzono, ze stosowanie kombinacji treningu oporowego i aerobowego przez
12 tygodni prowadzito do wzrostu HDL-C od 3,5% do 23% [128]. Metaanaliza badan
dotyczacych profilu lipidowego u 0séb korzystajacych z treningu oporowego rowniez
wykazala korzystne zmiany w st¢zeniach nonHDL-C i HDL-C u os6b poddanych
interwencji [ 129 ]. Pomimo licznych doniesien o korzystnym wptywie ¢wiczen
fizycznych na poziom nonHDL-C, nasze badania nie potwierdzily istotnych zmian
w opisanym parametrze. Stwierdzono natomiast wzrost stgzenia HDL-C i spadek stezenia
nonHDL-C w innych badaniach interwencyjnych z wykorzystaniem aktywnosci
fizycznej w leczeniu zespotu metabolicznego [130]. Podjecie treningu oporowego moze
prowadzi¢ do 6% zmniejszenia st¢zenia nonHDL-C i zwigkszenia st¢zenia HDL-C o 1%.
W przypadku treningu aerobowego potwierdzono zmniejszenie st¢zenia nonHDL-C

0 2,5% 1 wzrost o 4% stezenia HDL-C [131]. Brak zmian w poziomach HDL-C
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i nonHDL-C pomimo interwencji, moze wynika¢ z podwyzszonej proporcji kwasoéw

thuszczowych dostarczanych w diecie [132].

Zmiany w poziomie adipokin byly zréznicowane pomie¢dzy grupami. Najwigce]
korzystnych zmian w markerach stanu zapalnego potwierdzono w grupie stosujacej
polaczenie treningu aerobowego i oporowego, gdzie doszto do istotnego spadku leptyny

oraz interleukiny-6 pomi¢dzy pomiarami.

Waznym aspektem w procesie kontroli poziomu adipokin, jest wybdr momentu
pobrania krwi do analizy, ze wzgledu na zréznicowanie w syntezie poszczegdlnych
adipokin oraz ich reakcj¢ na podjgcie treningu fizycznego. Szczegdlnie wrazliwe na
podjecie treningéw fizycznych sg iryzyna oraz interleukina-6, poniewaz ich synteza
odbywa si¢ zarowno w tkance tluszczowej, jak 1 w mig$niach szkieletowych.
W niniejszym badaniu pomiary zostaly przeprowadzone na czczo, 24-godziny po
odbytym treningu lub bez podejmowania aktywnosci fizycznej] w przypadku grupy
kontrolnej. W takich warunkach zmiany w poziomach IL-6 oraz iryzyny mogly by¢
wynikiem ich zwigkszonej syntezy w tkance tluszczowej. Stezenia IL-6 oraz iryzyny
wzrastaja glownie pod wpltywem wysitku fizycznego poprzez aktywacje migéni
szkieletowych, a ich pomiar przeprowadzony w dniu treningu, najlepiej podczas treningu
lub tuz po jego zakonczeniu, Swiadczy gtownie o syntezie opisanych hormonéw w tkance
migéni szkieletowych [133, 134]. Wykazano, ze po rozpoczeciu aktywnosci fizycznej
stezenia iryzyny wzrastaja zard6wno u dorostych, zdrowych oséb, jak i u pacjentow
z zespolem metabolicznym [49, 135, 136]. Synteza iryzyny zalezy od intensywnosci
wysitku. Wyzsze poziomy s3a obserwowane po podjeciu wysitkow o wysokiej
intensywnosci [ 137]. Podobna sytuacja dotyczy IL-6, ktérej poziom wzrasta wyktadniczo
w odpowiedzi na aktywno$¢ fizyczng [133]. Stezenia IL-6 we krwi mogg wzrosna¢ nawet
100-krotnie w odpowiedzi na trening [53]. Poziom IL-6 stabilizuje si¢ w ciagu 24 godziny

od zakonczenia ¢wiczen fizycznych [134].
Istnieja sprzeczne doniesienia dotyczace wynikOw stezen iryzyny zwigzanych
z interwencjami dtugotrwatymi (2 8 tygodni) aktywnos$cig fizyczng. W metaanalizie

badan podejmujacej zastosowanie zaréwno treningéw oporowych, jak i aerobowych
w grupach osob z prawidlowa masg ciala lub otytos$cia, autorzy zaobserwowali wzrost
stezenia iryzyny, a dlugoterminowe rezultaty uzyskano u os6b wykonujacych trening

oporowy [138]. Dodatkowo w badaniu przeprowadzonym przez Cosio i inni [139]
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potwierdzono zwigkszanie st¢zenia iryzyny u osoéb wykonujacych trening oporowy.
W metaanalizie przeprowadzonej przez Qiu i innych [140] autorzy zaobserwowali
zmniejszenie stgzenia iryzyny w grupach poddawanych interwencji aerobowe;.
Natomiast w przegladzie badan dotyczacych zdrowych, dorostych 0s6b nie potwierdzono
istotnych zmian w poziomach iryzyny po podjeciu dlugoterminowych treningdw
oporowych lub aerobowych [ 141 ]. Pozostate adipokiny, takie jak leptyna oraz
adiponektyna wydaja si¢ mniej wrazliwe na krotkotrwate interwencje wysitkami
fizycznymi. Poziom leptyny jest gtoéwnie zalezny od rytméw dobowych oraz bilansu
energetycznego organizmu. Cwiczenia moga wplywaé na jej stezenie glownie przez
zmiang¢ bilansu energetycznego w diuzszej perspektywie czasu [142]. Adiponektyna
charakteryzuje si¢ niskg amplitudg wahan dobowych, w zwiazku z czym pobrah hormonu
nalezy dokonywaé rano na czczo lub po positku, aby zapewni¢ wiarygodny marker

insulinoopornosci u pacjentdw z zespotem metabolicznym [143].

W naszym badaniu zaobserwowano stopniowy spadek stezen IL-6 w grupach
stosujacych trening fizyczny: w grupie treningowej aerobowo-oporowej wynosit on
—74% po 16 tygodniach, a w grupie aerobowej odnotowano spadek o 18%. W grupie
kontrolnej natomiast nie zaobserwowano istotnych zmian. Roéznica miedzy grupami
wskazywala na nizsze stezenia IL-6 w grupie wykonujacej trening aerobowo-oporowy.
Patofizjologia otytosci obejmuje wystgpowanie przewlektego stanu zapalnego o niskim
nasileniu jako wynik, mi¢dzy innymi, nadmiernego wytwarzania IL-6 przez tkanke
thuszczowa [144]. W wyniku interwencji treningowej u pacjentow otytych obserwuje si¢
obnizenie poziomu IL-6, ktore jest zwigzane z redukcjg masy thuszczowej [145]. Jednak
poziomy IL-6 u pacjentéw z otyloScig i cukrzyca typu 2 sg zazwyczaj wyzsze niz u osob

o prawidlowej masie ciata [146].

W naszym projekcie $redni poziom BMI badanych mezczyzn wynosit 33,63 kg/m?,
a uczestnicy spetniali co najmniej 3 z 5 kryteriow MetS. Zgodnie z doniesieniami [47,
48] taka grupa pacjentow ma wysokie ryzyko opornosci na iryzyng. W badaniu wtasnym,
w grupie EG1 doszto do wzrostu poziomu iryzyny pomi¢dzy pomiarami, a takie
zachowanie hormonu pod wptywem interwencji nie wskazuje na wystgpowanie zjawiska
iryzynooporno$ci w badanej grupie. W doniesieniu Polyzos i inni [147], analizujacym
zwigzek miedzy iryzyna, a chorobami metabolicznymi, w tym otyto$cia, cukrzyca typu 2
1 stluszczeniem watroby, zaobserwowano rézne wyniki badan. Autorzy opracowania

podkreslaja, Zze st¢zenie iryzyny bylo wysokie w grupie otylych osob, podczas gdy
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pacjenci z cukrzyca typu 2 i sthuszczeniem watroby mieli nizsze stezenia iryzyny
w porownaniu z grupa kontrolng. Werida i inni zaobserwowali natomiast wyzsze stezenia
iryzyny i IL-6 u otylych me¢zczyzn z tendencja do wystgpowania zespotu metabolicznego

[51].

W populacji oséb otylych z zespotem metabolicznym, oprocz iryzynoopornosci,
obserwuje si¢ réwniez proces opornosci na leptyng, odgrywajacy kluczowa role
w powiklaniach zwigzanych z przebiegiem otylosci [ 148]. Wyniki naszych badan
potwierdzaja wysokie stgzenie leptyny w populacji 0oséb z zespolem metabolicznym
1 otytoscig oraz zwigzek miedzy leptyna, a wskaznikami insulinooporno$ci. Potencjat
terapeutyczny wynikajacy z zastosowania potaczenia treningu oporowego i acrobowego
oferuje perspektywy leczenia zespolu metabolicznego i1 otylosci poprzez wptyw na
zmniejszenie poziomu leptyny, poziomu tkanki ttuszczowej bedacej zrodtem syntezy

leptyny [149] oraz zwigzang z leptyng opornoscia na insuling.

Niniejsze badanie potwierdzilo zmiennos$¢ stezenia leptyny mi¢dzy pomiarami we
wszystkich grupach, jednak biologiczne zachowanie hormonu réznito si¢ w kazdej
z analizowanych grup. Po 6 tygodniach interwencji zaobserwowano wzrost stezenia
leptyny w grupie aerobowej, jednak wydluzenie czasu interwencji do 12 tygodni wigzato
si¢ z tendencja spadkowa stezenia leptyny w naszym badaniu. W metaanalizie Yu et al.
przedstawiono doniesienia, ze ¢wiczenia aerobowe maja istotny wptyw na obnizenie
poziomu leptyny w surowicy [103]. W badaniu Klempel i inni [150] wykazano, ze nawet
niewielka utrata masy ciata (4-5%) moze mie¢ korzystny wptyw na st¢zenie leptyny.
W przypadku utraty masy ciata o 2,4% réwniez zaobserwowano spadek stezenia leptyny
w surowicy [151]. W naszym badaniu, pomimo poczatkowej utraty masy ciala, stezenie
leptyny wzrosto w grupie EG1 po 6 tygodniach interwencji. Wzrost st¢zenia leptyny,
pomimo stosowania treningu aerobowego, moze by¢ wynikiem innych czynnikow
niezaleznych od naszej kontroli. Badanie zostato przeprowadzone w okresie pandemii
COVID-19, a zwigkszone poziomy leku zwigzane z trwajacym okresem izolacji [152],
zmniejszenie dlugosci snu [153] oraz podwyzszone poziomy stresu [154] sg czynnikami

zwigzanymi z fluktuacjg hormonoéw [155].

Ze wzgledu na spadki stgzenia leptyny w grupie EG2 pomig¢dzy pomiarami oraz
roéznice wskazujace na istotnie nize wartosci leptyny w EG2 w stosunku do pozostatych

grup, nasze wyniki wskazujg na bardziej korzystny efekt treningu aerobowo-oporowego,
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w pordwnaniu do samego treningu aerobowego lub braku aktywnosci fizycznej, na
poziom leptyny. Korzystne zmiany w grupie stosujacej potaczenie treningu acrobowego
z oporowym mogg wigza¢ si¢ z redukcjg stanu zapalnego majacego réwniez
odzwierciedlenie w spadku IL-6 pomig¢dzy pomiarami. Inne wyniki uzyskali autorzy
w badaniu 0s6b z zespotem metabolicznym, w ktorym przez okres 12 tygodni stosowano
trening Nordic Walking (NW) na poziomie 65-75% HR max lub trening sitowy. Badacze
nie potwierdzili zmiany st¢zenia leptyny u osob stosujacych trening sitowy, ale
potwierdzili spadek st¢zenia leptyny o 27% w grupie stosujacej trening NW [151].
Przebieg zmian w przedstawionych grupach mogt wynikaé z wigkszej redukceji poziomu
tkanki thuszczowej w grupie NW oraz z braku zmian w beztluszczowej masie ciala
obydwu grupach. Inne badania wykazaty, Ze st¢zenie leptyny zmniejszyto si¢ o 21%
podczas 3-miesigcznego programu dynamicznego treningu sitowego [155] 1 o 14%
podczas 6-miesigcznego programu taczacego diete z umiarkowang aktywnoscia fizyczng
[156]. W badaniu wtasnym potwierdzono wzrost st¢zenia leptyny w grupie kontrolne;j,
co moze wigza¢ si¢ z rozwojem oporno$ci na leptyn¢ u pacjentow z zespolem

metabolicznym, ktorzy nie podejmujg aktywnosci fizyczne;.

Wyniki naszych badan wskazuja na rosnaca tendencj¢ $rednich stezen omentyny
(OMEN) w kolejnych tygodniach interwencji aerobowej, jednak zmiany warto$ci
omentyny nie osiggnety istotno$ci statystycznej. W badaniu de Souza Batista i inni [69]
autorzy podkre$laja wplyw treningdéw fizycznych na wzrost stgzen omentyny. Wzrost
stezenia omentyny w krazeniu roéwniez zaobserwowano u oséb, ktore podejmowaty 12-
tygodniowy trening aerobowy. U badanych osob poziom tkanki tluszczowej
w organizmie ulegt istotnej redukcji [157]. Mozliwym powodem braku istotnego wzrostu
stezenia omentyny w grupach interwencyjnych w naszym projekcie moze by¢
niewystarczajaca redukcja trzewnej tkanki thuszczowej, bedacej gtownym miejscem
syntezy hormonu. Utrata masy ciata jest uwazana za kluczowy czynnik w interwencji
majacej na celu zmniejszenie poziomu cytokin prozapalnych i zwigkszenie poziomu
cytokin przeciwzapalnych [158,159]. Efekt obnizenia st¢zenia omentyny uzyskano
mi¢dzy innymi w badaniu z interwencja dietetyczna, w ktérym przez 4 miesigce
stosowano niskokaloryczng dietg¢ (deficyt 500-1000 kcal dziennie). W wyniku
interwencji uzyskano redukcje masy ciata o 13,8%. Badacze potwierdzili spadek stezenia

leptyny o0 60,6% i istotny wzrost stgzenia omentyny o 22,1% [160]. Osiagnigcie wigkszej
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utraty masy ciala u oséb z zespotem metabolicznym moze prowadzi¢ do klinicznie

korzystnych zmian w stezeniach omentyny.

Podobne niejednoznaczne zalezno$ci wykazano w przypadku innych adipokin.
Wsrod pacjentow, ktorzy utracili 4-5% masy ciala, pomimo istotnego spadku leptyny, nie
potwierdzono istotnych zmian w st¢zeniach IL-6, RBP4 oraz adiponektyny [150].
W pigciu badaniach klinicznych oceniajacych wptyw redukcji masy ciala o 10% na
stezenie 1 ekspresje adiponektyny w osoczu nie zaobserwowano istotnych zmian w jej
poziomie [159, 161, 162, 163, 164]. W badaniu wlasnym roéwniez nie potwierdzono
istotnych zmian w poziomie adiponektyny. W metaanalizie badan dotyczacych osob
z insulinoopornoscig lub cukrzyca, u ktorych wystepowata nadwaga lub otytos¢, jak
réwniez zespol metaboliczny, zaobserwowano, ze aktywno$¢ fizyczna zwigksza stezenie
adiponektyny. Treningi fizyczne o charakterze aerobowym przynosily korzystne
rezultaty, podczas gdy inne formy aktywnosci fizycznej nie wptynely istotnie na poziom
adiponektyny [165]. Podobne wyniki przedstawiono we wczesniejszych metaanalizach
[103, 166]. Balducci i inni [101] wykazali natomiast, ze ¢wiczenia aerobowe, ale takze
polaczenie treningu aerobowego z oporowym, przynosza korzystne zmiany w stezeniu
adiponektyny (wzrost o 36% 1 38%) oraz w redukcji poziomu opornosci na insuling
u pacjentow z zespotem metabolicznym, pomimo braku zmian w masie ciala i poziomie
tkanki tluszczowej. Nasze wyniki pokazaty, ze stosunek ADIPO/LEP zmniejszyt si¢ po
6 tygodniach interwencji acrobowej. Ta zalezno$¢ wynikata z istotnego wzrostu poziomu
leptyny oraz braku istotnych zmian w poziomie adiponektyny w analizowanym okresie.
Leptyna moze reagowa¢ na zmiany zachodzace w populacji oséb z zespotem

metabolicznym szybciej niz adiponektyna [150].

W naszym badaniu zaobserwowano istotny spadek, o 35% stgzenia IL-8 po
pierwszych 6 tygodniach interwencji w grupie stosujacej trening aerobowy. Obnizone
stezenie IL-8 w stosunku do poczatkowego stezenia obserwowano az do konca projektu
badawczego w grupie z treningiem aerobowym. Wyniki przedstawione w metaanalizie
pokazuja, ze aktywnos$¢ fizyczna u osdb z zespolem metabolicznym prowadzi do
obnizenia st¢zenia IL-8 [167]. Wystepuja jednak badania, ktore nie potwierdzily zmian
w stezeniu IL-8. W grupie 489 oséb z zespolem metabolicznym, me¢zczyzn 1 kobiet
powyzej 55 roku zycia, ktorzy wykonywali umiarkowane lub intensywne ¢wiczenia
o minimalnym czasie 150 minut tygodniowo, nie zaobserwowano istotnych zmian

stezenia IL-8 podczas rocznej obserwacji [168]. W badaniu wlasnym, w grupie nie

39



podejmujacej aktywnosci fizycznej doszto do stopniowego wzrost stezenia IL-8 miedzy
pomiarami, a poziom cytokiny byt o 45% wyzszy w grupie kontrolnej w poréwnaniu do
grupy z interwencja aerobowa. Wedtug pracy Bruun i inni [169] u pacjentow z otyloScia
dochodzi do nadmiernej syntezy IL-8 w tkance tluszczowej, prowadzac do wzrostu
poziomu stanu zapalnego w organizmie. Nie podje¢cie leczenia otylosci i zaburzen
metabolicznych prowadzi do dalszego nasilenia stanu zapalnego w organizmie i licznych

powiktan zdrowotnych [170].

Przedstawiony projekt badawczy nie jest wolny od pewnych ograniczen.
Prezentowane wyniki ukazuja zmiany st¢zen wybranych adipokin oraz parametrow
biochemicznych pod wptywem interwencji w formie aktywno$ci fizycznej. Osoby
biorgce udziat w badaniu mogly by¢ jednak narazone na inne czynniki, takie jak
zwigkszone poziomy stresu czy zmniejszona dlugos¢ snu, ktore moga wplynaé na poziom
prezentowanych parametrow. Monitorowanie aktywnosci fizycznej odbywalo si¢ za
pomoca urzadzen kontrolujacych czgstos¢ skurczow serca, jednak bardziej precyzyjny
nadzor mozna byto uzyskaé poprzez pomiar VO, max [171]. Pomimo poczatkowych
zatozen dotyczacych utrzymywania biezacej diety i stalej kontroli diety uczestnikow
badania, ilo$¢ dostarczanej energii w pozywieniu wzrosta. Opisujac ich jadlospis, nie
dokonano szczegotowej analizy kwasoéw tluszczowych oraz indeksu glikemicznego,
ktére mogly wplyna¢ na profil lipidowy i wskazniki insulinooporno$ci badanych

uczestnikoOw.

W podsumowaniu, jako wniosek aplikacyjny warto podkresli¢, ze w badaniach
analizujacych zmiany poziomu adipocytokin w grupie pacjentow z otyloscia i zespotem
metabolicznym wazne jest utrzymanie umiarkowanego lub znaczaco ujemnego bilansu
energetycznego podczas trwania interwencji treningiem fizycznym. Uzyskanie
oczekiwanego ujemnego bilansu energetycznego mozna otrzymac¢ w wyniku zwigkszenia
wydatkow energetycznych; bezpieczng dla tej grupy pacjentéw forma bytaby aktywnos¢
fizyczna spontaniczna. Aktywno$¢ fizyczna spontaniczna moglaby zosta¢ zwigkszona
poprzez wprowadzenie wigkszej liczby krokow w ciagu dnia (np. dluzszy spacer do
pracy, chodzenie podczas prowadzonych rozméw telefonicznych), wprowadzenie
aktywnie spedzonego czasu w weekend (wycieczki rowerowe, aktywny wypoczynek
w gorach, gry i1 zabawy z rodzing i przyjacidlmi, wyjscie na basen). Kazda
z proponowanych aktywno$ci powinna by¢ wprowadzana stopniowo, o niskiej

intensywnos$ci oraz umiarkowanym czasie trwania. Doprowadzenie do zwigkszenia
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wydatkow energetycznych poprzez zwigkszenie intensywnosci sesji treningowych w tej
grupie pacjentdéw mogtoby zwigkszy¢ prawdopodobienstwo wystgpienia przecigzen
aparatu ruchu. Inng mozliwoscia osiggnigcia oczekiwanego ujemnego bilansu
energetycznego bytoby utrzymanie ubogo energetycznej diety.

W badaniach majacych na celu ocen¢ wptywu beztluszczowej masy ciata na stan
zdrowia pacjentow z otyloscig i zespolem metabolicznym warto byloby wykorzysta¢
zastosowang w badaniu wlasnym procedure treningu acrobowo-oporowego, dzigki ktorej
uzyskujac ujemny bilans energetyczny, prowadzacy do redukcji tkanki thuszczowej,
doszto takze do znacznego rozwoju beztluszczowej masy ciala juz po 6 tygodniach

interwencji.
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6. Wnioski

1. Zastosowanie treningdéw aerobowych przez okres 12 tygodni w populacji
pacjentéw z zespotem metabolicznym zwigzane bylo z redukcja masy ciala, tkanki
thuszczowej, a takze trzewnej tkanki thuszczowej. Potaczenie treningu aerobowego z
oporowym doprowadzito natomiast do zwigkszenia beztluszczowej masy ciata oraz
redukcji poziomu tkanki tluszczowej, gynoidalnej tkanki tluszczowej i obwodu talii.
Treningu aerobowy w potaczniu z oporowym wplynatl korzystniej na sktad ciata

mezczyzn z zespolem metabolicznym niz zastosowanie samego treningu aerobowego.

2. Trening fizyczny o charakterze aerobowym zwigzany byl z korzystnymi
zmianami w poziomie insulinoopornos$ci wyrazonych we wskaznikach QUICKI oraz
HOMA-TG. Zastosowanie interwencji laczacej trening aerobowy z oporowym
doprowadzito do spadku insulinoopornosci, opisanej zarowno przez wskaznik QUICKI,
jak 1 HOMA-AD oraz HOMA-TG. Polaczenie treningéw aerobowych z oporowymi
zwigzane bylo z wyraznymi korzy$ciami w poprawie wrazliwosci na insuling u me¢zczyzn

z zespolem metabolicznym.

3. Nie potwierdzono istotnych zmian we wskaznikach profilu lipidowego podczas
stosowania treningéw fizycznych w okresie 12 tygodni u badanych me¢zczyzn. Na
podstawie uzyskanych wynikow nie ma podstaw do wyodrebnienia bardziej korzystnej
formy treningu fizycznego prowadzacego do poprawy parametréw profilu lipidowego

u me¢zezyzn z zespotem metabolicznym.

4. Zastosowanie treningdw aerobowych wywotato zmiany w poziomie wybranych
adipocytokin we krwi megzczyzn z zespotem metabolicznym (zwigkszenie st¢zenia
iryzyny oraz obnizenie st¢zenia IL-8 po 6 tygodniach interwencji, a takze obnizenie
stezenia IL-6 i leptyny po 12 tygodniach interwencji). W grupie stosujacej trening
aerobowy w potaczeniu z oporowym przez 12 tygodni potwierdzono obnizenie st¢zenia
IL-6 oraz leptyny na kazdym etapie interwencji, wyraznie wskazujac na dziatanie

przeciwzapalne.

5. W okresie obserwacji, w ktérym nie prowadzono zorganizowanych treningéw,
w obu grupach interwencyjnych efekt redukcji tkanki tluszczowej oraz jej trzewnej
kumulacji zostat podtrzymany. W obu grupach potwierdzono takze dalsze korzystne

zmiany we wskaznikach insulinooporno$ci. W  grupie aerobowo-oporowej
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zaobserwowano dalsze obnizenie st¢zenia IL-6, wskazujac na redukcje stanu zapalnego.
Poddani badaniom me¢zczyzni poprzez podejmowanie systematycznych treningdéw

fizycznych w okresie obserwacji, utrzymali korzystne rezultaty.
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Tabela S1. Kompleksowa strategia taczenia programu treningu aerobowego i oporowego przeznaczona dla

grupy wykonujacej ¢wiczenia aerobowo-oporowe (EG2).

Treningi 1-3

Treningi 4-6 Treningi 6<

Rodzaj treningu Trening catego ciata

Objetos¢ treningu
oporowego [liczba
¢wiczen x liczba
serii x liczba
powtorzen]

3x4x15

Intensywnos¢
treningu
oporowego 50
[% 1 RM]

Przerwa pomiedzy
seriami
[min]

Czas treningu
oporowego
. 30
[min]
Czas treningu
aerobowego

[min] 20

Intensywnos¢
treningu
aerobowego 50
[% HR max]

Wiostowanie sztangielka
jednoracz,
.. . Pompki w odcigzeniu
Cwiczenia )
. (maszyna Smitha),
specjalistyczne . e
Przysiady w odcigzeniu
(trzymajac sig za sztange)

Podpér przodem (plank)

Trening partii

Sciqganie drazka do klatki

Prostowanie biodra w

Trening partii

antagonistycznych antagonistycznych
6x3x12 9x3x12
70 70
1.5 1
35 40
15 10
70 70

Wryciskanie sztangielek

stojac . . .
Martwy ciag ze sztangielkami

Wryciskanie sztangi lezac

Prostowanie przedramion z

L . linkami

piersiowej . . .
Uginanie przedramion ze

. sztangielkami stojac
pozydji lezacej

Wiostowanie

sztangielkami

HR max — maksymalna czestos¢ skurczow serca, IRM — maksimum jednego powtdrzenia.



Rycina S1. Kompleksowa strategia programu aerobowego przeznaczona dla grupy wykonujacej treningi

aerobowe (EG1).

Glowna cze$¢ treningu na biezni:
45 min, 70 % HR max, regulacja
intensywnosci:
wigksza predkos¢ lub zmiana

o

Rozgrzewka 5 min, 50 % HR max

4 I
Uczestnik wybiera dowolne
urzadzenie:
bieznia, rowerek stacjonarny lub
X-trainer
. J
4 ¢ )

v

kata pochylenia biezni

N\

.

Glowna czes$¢ treningu na
rowerkach stacjonarnych: 45 min,
70 % HR max,
regulacja intensywnosci: wyzszy
opor

J

~

Glowna czesc treningu na X-
trainer: 45 min, 70 % HR max,
regulacja intensywnosci: wiekszy
zakres ruchu lub opdr

v

Rozcigganie zaangazowanych
grup miesniowych: 10 min.

HR max — maksymalna czestos¢ skurczow serca.

Tabela S2. Progresja obciazen w wybranych ¢wiczeniach oporowych podczas interwencji oraz follow up w

grupie interwencyjnej EG2.

A . . . k
Moment Wyciskanie sztangi Sciaganie dr.qz a Przysiad front Suma obciazen
s . do klatki . f p-value
obserwacji lezac .. . z kettlami z 3 ¢wiczen
piersiowej

Po 6 tyg. 15,32 % 11,76 % 16,77 % 15,50 % 0.00
Po 12 tyg. 23,84 % 23,02 % 25,41 % 24,35 % 0.00
Po 16 tyg. 26,92 % 25,70 % 26,30 % 26,50 % 0.00"

p-value — test ANOVA



Journal of

%

Clinical Medicine

Article

Effect of Exercise Interventions on Irisin and Interleukin-6
Concentrations and Indicators of Carbohydrate Metabolism in
Males with Metabolic Syndrome

Karol Makiel 1'*, Agnieszka Suder 1*(0, Aneta Targosz 2, Marcin Maciejczyk 3

check for
updates

Citation: Makiel, K; Suder, A.;
Targosz, A.; Maciejczyk, M.; Haim, A.
Effect of Exercise Interventions on
Irisin and Interleukin-6
Concentrations and Indicators of
Carbohydrate Metabolism in Males
with Metabolic Syndrome. J. Clin.
Med. 2023,12,369. https://doi.org/
10.3390/jcm12010369

Academic Editors: Joaquin Calatayud

and Rubén Lépez-Bueno

Received: 7 December 2022
Revised: 27 December 2022
Accepted: 29 December 2022
Published: 3 January 2023

Copyright: © 2023 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

and Alon Haim %

Department of Anatomy, Faculty of Physical Rehabilitation, University of Physical Education,

31-571 Cracow, Poland

Department of Physiology, Faculty of Medicine, Jagiellonian University Medical College,

31-531 Cracow, Poland

Department of Physiology and Biochemistry, Faculty of Physical Education and Sport,

University of Physical Education, 31-571 Cracow, Poland

Department of Endocrinology and Diabetes, Faculty of Health Sciences, Ben-Gurion University of the Negev,
Beer-Sheva 653, Israel

Soroka University Medical Center, Beer-Sheva 151, Israel

Correspondence: karol.makiel@awf.krakow.pl (K.M.); agnieszka.suder@awf krakow.pl (A.S.)

Abstract: Irisin (IR) is a biomarker that is associated with metabolic syndrome (MetS). However,
the available evidence on the association of IR, physical activity, and MetS status are contradictory.
Therefore, the present study aimed to investigate the effect of exercise intervention on IR and
interleukin-6 (IL-6) levels and indicators of carbohydrate metabolism in males with MetS. The study
included 62 males with MetS (age 36.6 & 6.9 years, BMI 33.6 + 4.4 kg/m?) randomly assigned to:
examined group 1 (EG1, n = 21) with aerobic exercise intervention, examined group 2 (EG2, n = 21)
with combined aerobic and resistance exercise intervention, both for 12 weeks, and the control group
(CG, n = 20) without intervention. Anthropometric measurements, body composition (body fat [BF],
fat free mass [FFM]) as well as a biochemical blood analysis (irisin [IR], interleukin-6 [IL-6], insulin
[INS] and glucose [GL]) were performed at baseline, 6 and 12 weeks of intervention, and 4 weeks
after ending the intervention (follow-up). Intergroup and intragroup comparisons were performed.
In EG1, an increase in IR level was observed as well as decreases in IL-6, BF, and GL levels in relation
to the initial measurement. In EG2, decreases in IL-6, BF, and INS levels were observed as well as an
increase in FFM level. In CG, no changes were found. Aerobic-resistance exercise led to a greater
reduction in the concentrations of IL-6 and INS and more favorable changes in body composition (BF
and FFM) than the use of aerobic training alone in males with MetS.

Keywords: irisin; interlekin-6; exercise; metabolic syndrome; obesity; physical activity

1. Introduction

Metabolic syndrome (MetS) is characterized by the occurrence of a few mutually
connected disorders of metabolic character, including insulin resistance, atherogenic dys-
lipidemia, visceral obesity, and hypertension. MetS is also linked with chronic inflammation
of low intensity. Untreated MetS is related to increased risk of developing diabetes and
cardiovascular diseases (CVD) [1].

The pathophysiology of MetS comprises several complex mechanisms that have not
been fully explained. MetS can be caused by genetic and epigenetic determinants [2]. The
development of MetS is enhanced by a lifestyle combining a low level of physical activity
with a high dietary intake of energy that exceeds the needs of the organism [3-5].

It has been demonstrated that myokines such as irisin (IR) and interleukin 6 (IL-6)
are released through skeletal muscles during physical activity. They induce positive
physiological and metabolic effects not only in skeletal muscle but also in distant tissues,
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such as white adipose tissue, the liver, bones, immune system cells, and the central nervous
system, thus decreasing inflammation, improving the sensitivity of cells to insulin, and
correcting energy expenditure [6-8].

IR is a myokine produced mainly in skeletal muscle during physical effort, and, to
a lesser extent, by white adipose tissue [9]. In mice, IR originating from muscle accounts
for ~72% of the total level of the hormone in circulation, and the remaining 28% probably
originates in adipose tissue [10]. The main effect of IR is the browning of white adipose
tissue, an increase of energy expenditure of the body, improvement of cell sensitivity to INS,
and body mass reduction [11]. IR stimulates lipolysis and increases the release of GL and
free fatty acids during physical activity [12]. Higher concentrations of IR are observed in
obese patients [13]. Moreover, IR positively affects lipid disorders that result from obesity
and MetS [14]. In a meta-analysis of 18 studies, higher concentrations of IR were registered
in overweight or obese people in relation to people with proper body weight, which can be
explained by the phenomenon of ‘IR resistance’ [15]. A similar process has been observed in
patients with MetS [16]. The application of resistance training leads to a higher production
of IR than moderate intensity training or interval exercises of high intensity. The increase in
IR production is detectable immediately after the beginning of training and its stabilization
takes place up to one hour after the exercise is finished. The presented dependencies relate
both to people with MetS and healthy individuals [17].

IL-6 is a cytokine of which increased concentrations secreted by adipocytes and mono-
cytes are thought to be responsible for inflammation and INS resistance in obesity. However,
it was demonstrated that IL-6 released by skeletal muscle features an anti-inflammation
effect and increases sensitivity to INS [18]. The concentrations of IL-6 and IR and pa-
rameters of carbohydrate metabolism, such as HOMA, were dependent on the level of
adipose tissue and increased with the degree of obesity in examined patients [19]. The
production of IL-6 is related to the level of glycogen and the intensity and duration of
physical activity [20]. The increase in IL-6 level can be higher after moderate intensive
exercises with long duration (i.e., running), which engage many muscle parties, than after
isolated resistance training [21].

Physical activity leads to many endocrine interactions between skeletal muscles, adi-
pose tissue, and other organs of internal secretion. The introduction of regular physical
activity results in changes in the concentrations of circulating myokines, adipokines, and
immunological cytokines and the subsequent reduction of body mass, a decrease in the
inflammatory condition, INS resistance, and other disorders associated with MetS [22-24].
Aerobic training leads to a significant increase in energy expenditure and creates advanta-
geous conditions to decrease excessive adipose tissue mass, whereas resistance training
is of significant importance to increasing fat free body mass, which results in higher INS
sensitivity and efficiency in maintaining and increasing the resting metabolic rate [25]. The
introduction of regular resistance exercises combined with endurance exercises prevents
the recurrence of obesity [25] and improves indices of MetS [26].

The significant role of physical training in improving health conditions can result in a
decrease of IR and IL-6 concentrations in people with MetS. The applied training may cause
a decrease in the visceral fat level and improvement of MetS parameters. Knowledge of the
differences and benefits of applied training may allow males with MetS to choose the most
favorable form of intervention to improve their health. The aim of this research was to assess
the effects of twelve weeks of two different exercise interventions (training of an aerobic
character vs. combined aerobic-resistance training) and four weeks of follow-up on the
concentrations of IR and IL-6 in males with MetS. We hypothesized that combined aerobic-
resistance exercise intervention would positively affect the secretion of adipocytokines
while having anti-inflammatory effects in males with MetS.
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2. Materials and Methods
2.1. Materials

The study design was a prospective, randomized, and controlled trial to investigate the
effects of two types of twelve-week exercise intervention (training of an aerobic character vs.
combined aerobic-resistance training) on body composition, levels of selected adipokines,
and indices of metabolic syndrome (MetS) in males with MetS in relation to males with
MetS who did not participate in training (control group, CG). The examined participants
from all three groups were then observed for a four-week follow-up period (without
scheduled training).

Due to the character of the intervention, a blind trial was not applied; however, the lab
personnel, biostatistician, and analysis team were not aware of the group assignments. The
studies were registered in the clinical trials registry on the ANZCTR platform (Australian
New Zealand Clinical Trials Registry): ACTRN registration number 12622001394730. The
course of the study is presented in Figure 1.

Recruitment of volunteers for the research:
e Sex: male,
e  Patient meets 3/5 of the metabolic syndrome requirements,
e Age: 3045 years,

e Further inclusion/exclusion criteria

Randomized group assignment:
¢ Random assignment to one of the 3 groups,
e Nutrition and health interviews,
e Filling in the IPAQ questionnaire by the examined,
¢ Anthropometric measurements and analysis of body composition,
\ e  Hormonal and biochemical tests of blood

/ ' \

aerobic exercise [ combined aerobic-resistance ][ control group (CG) without any

intervention (EG1), n=21 intervention (EG2), n=21 interventions, n =20

! ' !

Tests after 6 weeks of intervention:

o

-

. Nutrition and health interviews,
. Filling in the IPAQ questionnaire by the examined,
¢ Anthropometric measurements and analysis of body composition,

\_ e  Hormonal and biochemical tests of blood

v v

( aerobic exercise ][ combined aerobic-resistance

intervention (EG1), n=18 intervention (EG2), n =21

I ' !

Tests after 12 weeks at the end of the intervention:

control group (CG) without any
interventions, n = 18

Ve

e Nutrition and health interviews,
e Filling in the IPAQ questionnaire by the examined,
e Anthropometric measurements and analysis of body composition,
e  Hormonal and biochemical tests of blood

| .

p
aerobic exercise combined aerobic-resistance control group (CG) without
intervention (EG1), n=14 intervention (EG2), n=16 any interventions, n =15

| .

Control tests after 4 weeks at the end of the project (follow-up):
e Nutrition and health interviews,
e Filling in the IPAQ questionnaire by the examined,
e Anthropometric measurements and analysis of body composition,
¢  Hormonal and biochemical tests of blood

-

Figure 1. The course of the study.
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The study included 62 Caucasian males aged 3045 (mean age 37 & 7) years with waist
circumferences > 94 cm (visceral obesity is a prerequisite for the diagnosis of MetS) and with
two out of four criteria of MetS: concentration of triglycerides > 150 mg/dL (1.7 mmol/L) or
hypertriglyceridemia under treatment; concentration of HDL C < 40 mg/dL (1.03 mmol/L)
or this lipid disorder under treatment; systolic blood pressure (SBP) > 130 mm Hg or
diastolic (DBP) > 85 mm Hg, or treatment of formerly diagnosed hypertension; fasting
level of GL in blood plasma > 100 mg/dL (5.6 mmol/L) or pharmacological treatment
of diabetes type 2 (IDF, International Diabetes Federation, 2006 [27]). The participants
were assigned randomly into 3 groups; qualification was based on simple randomization
following sealed opaque envelopes:

1. Experimental group 1 (EG1) of males with MetS (n = 21) performing aerobic exercise intervention;

2. Experimental group 2 (EG2) of males with MetS (n = 21) performing combined aerobic-
resistance exercise intervention;

3. Control group (CG) of males with MetS (n = 20) not undertaking any physical activity.

The study inclusion criteria were: male aged 30-45 years, medical statement on lack of
contraindications to take up health training of aerobic-resistance character, written consent
for voluntary participation in the research project, waist circumference > 94 cm, and two
criteria out of the following: concentration of triglycerides > 150 mg/dL (1.7 mmol/L)
or treated hypertriglyceridemia; concentration of HDL C < 40 mg/dL (1.03 mmol/L) or
treatment of the lipid disorder; blood pressure systolic (SBP) > 130 mm Hg or diastolic
(DBP) > 85 mm Hg, or treatment of formerly diagnosed hypertension; GL level in plasma
on empty stomach > 100 mg/dL (5.6 mmol/) or pharmacological treatment of type 2
diabetes (T2DM). In EG1, the presence of chronic diseases was confirmed, such as: hyper-
triglyceridemia (8 people), arterial hypertension (12), hypercholesterolemia (4), T2DM (5),
chronic sinusitis (1), gout (2), and psoriasis (2). Chronic diseases were confirmed in EG2: hy-
pertriglyceridemia (13), arterial hypertension (15), hypercholesterolemia (9), T2DM (2), and
gout (1). In CG, the following chronic diseases were confirmed: hypertriglyceridemia (13),
arterial hypertension (15), hypercholesterolemia (5), T2DM (4), and chronic sinusitis (1).

The exclusion criteria were: no medical statement on lack of contraindications to take
up health training of aerobic-resistance character, unwillingness to continue intervention
(more than 10% of training sessions missed), unstable ischaemia, decompensated heart
failure, uncontrolled heart rhythm disorder, severe pulmonary hypertension (mean blood
pressure in lungs > 55 mm Hg), symptomatic aortic stenosis, acute myocarditis, endo-
carditis or pericarditis, uncontrolled blood pressure (>180/110 mm Hg), aortic dissection,
Marfan syndrome, uncontrolled diabetes, mental disorders, health problems (orthopedic,
neurologic) preventing movement, participation in another form of physical activity during
the project, and lack of written consent to take part in the examination.

The volunteers were informed about the procedures and purpose of the research in
detail and about the possibility of resigning from participation at any stage. During the
period of intervention, there were resignations from the study. The reasons for excluding
a participant from the project included: absenteeism at more than 10% (6), excessive
alcohol consumption (2), absence during control visits (3), and occurrence of COVID-19
symptoms (3). The number of participants required to show statistical significance was
based on previously published studies in this field. An error probability (c) of 0.05, power
(1 — B) of 0.80, and an average effect size (d) of 0.8 were used to calculate the sample
size. All the examined participants were asked not to alter their nutritional habits, taken
medicines, or level of physical activity during the observation. All volunteers provided
written consent for participation in the study, as well as for the use of their personal data
and research results for scientific purposes. The research project obtained the approval of
the Ethics Committee of the Regional Medical Chamber in Krakow (90/KBL/OK/2020).
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2.2. Methods

For all participants, he following assessments were performed 4 times: before the
intervention, in the middle after 6 weeks of intervention, after 12 weeks of intervention,
and 4 weeks after ending the intervention (follow-up period):

2.2.1. Anthropometry

For the purpose of this study, body height (BH) [cm], body mass (BM) [kg], and waist
circumference (WC) [cm] were used. BH was measured to the nearest 1 mm, in a standing
position without shoes, with the head in the Frankfurt plane, using a stadiometer (Seca
231 stadiometer, Hamburg, Germany). BM was obtained in the standing position using a
standardized medical scale (Beurer PS 240, Budapest, Hungary), with an accuracy of 50 g.
WC was measured to the nearest 1 mm using an anthropometric tape between the lower
edge of the costal arch and the upper edge of the iliac crest, with the participant in standing
position, and recorded at the end of a gentle expiration.

2.2.2. Body Composition

Dual-Energy X-ray Absorptiometry (DEXA] was applied to assess body composition:
percentage of body fat (BF) [%], fat free mass (FFM) [kg], and body mass index (BMI)
[kg/m?].

Assessment of body composition was carried out using the Lunar Prodigy Primo
PR+352163 (Chicago, IL, USA) device according to the manufacturer’s guidelines.

2.2.3. Hormonal Blood Indices

Fasting blood samples were collected in the morning after a 24-h break from training,
from the basilic, cephalic, or median cubital vein into test tubes (Vacumed® system, F.L.
Medical, Torreglia, Italy) by the experienced nursing team. The collected blood was
centrifuged (RCF 1000x g) immediately after collection for 15 min at 4 °C (MPW-351R,
MPW Med. Instruments, Warsaw, Poland), and the serum was collected and stored at
—80 °C until further study (BIO Memory 690L, Froilabo, Paris, France).

The concentrations of IR and IL-6 were measured using commercially available ELISA
kits according to the manufacturer’s protocol. The human IR ELISA Kit (catalogue number
201-12-5328) was purchased from Shanghai Sunred Biological Technology Co. (Shanghai,
China). The IL-6 ELISA kit (catalogue number IL E-3200IL-6) was purchased from LDN
Labor Diagnostika Nord GmbH & Co.KG (Am Eichenhain, Germany). An ELx 808 spec-
trophotometric microplate reader (BioTek, Winooski, VI, USA) was used to determine
the optical density at 450 nm. Marking was performed at the Laboratory of Genetics and
Molecular Biology, Department of Physiology, Jagiellonian University Medical College,
Krakoéw, Poland.

2.2.4. Biochemical Blood Indices

The concentration of GL [mmol/L] in the blood plasma was performed via the en-
zymatic method using the Cobas ¢701/702 biochemical analyzer (Roche Diagnostics In-
ternational Ltd., Mannheim, Germany). The serum insulin [uIU/mL] concentration was
determined by electrochemiluminescence (ECLIA) using the Cobas e801 apparatus (Roche
Diagnostics International Ltd., Mannheim, Germany). The determinations were performed
according to manufacturer’s guidelines with the use of reagents dedicated to the GLUC3
and Elecsys Insulin analyzers, respectively.

2.2.5. Evaluation of Energy Expenditure and Energy Value of Diet

The International Physical Activity Questionnaire (IPAQ) was conducted to assess
daily energy expenditures [28]. The total energy expenditure [kcal/week) was calculated
based on the sum of non-exercise activity thermogenesis (NEAT) assessed based on the
IPAQ questionnaire and energy expenditures connected with intervention in groups EG1
and EG2.
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A qualified dietician carried out a 24-h nutrition interview using a nutrition record to
quantitatively assess nutrition habits and monitor alterations in the diet during training.
The results were introduced into the DietaPro program version 4.0 (Institute of Food and
Nutrition, Warsaw, Poland). The energy value of the diet was assessed as kcal /week.

2.3. Exercise Interventions

The exercise interventions took place at a fitness club in Cracow under supervision
of a personal coach. All of the training was carried out at the same time of day (evening,
6-9 pm) by the same personal coach, in a room with the same temperature (22 degrees
Celsius) and humidity. A session attendance checklist was used to monitor adherence to the
intervention. Examined participants who attended less than 90% of the training sessions
for 12 weeks were eliminated from the observation and statistics.

Planning and monitoring of the intensity of the aerobic training as well as the amount
of load in the resistance training was set individually based on the guidelines of the Ameri-
can College of Sports Medicine [29]. Heart rate (HR) during training was monitored using
the Polar M200 GPS Running Watch with Wrist-Based Heart Monitor (Kempele, Finland).
Before the resistance training, the One Repetition Maximum (1 RM) was determined. The
examined participants underwent the 1 RM test before the examination, and after 6, 12,
and 16 weeks. The personal coach carried out the warm-up on the treadmill (Technogym
New Excite Run Now 500, Cesena, Italy) for 5 min at 60% HR. Next, the participant started
resistance training. The last repetition of a series occurred when the participant could not
continue to exercise maintaining the proper technique. The obtained load and number of
repetitions were converted into 1 RM based on the 1 RM calculator [30].

The aim of the intervention was to realize 3 training sessions per week, which were
converted into 3 X 6 MET of energy expenditure for a week interchangeable with running,
and 3 x 5.5 MET for resistance training (Compendium of Physical Activities, 2011) [31].

2.3.1. Aerobic Training

The course of the aerobic intervention: training sessions took place 3 times per week
in groups of max 5 participants, starting with a 5-min warm-up (treadmill walk, Techn-
ogym New Excite Run Now 500, Cesena, Italy), reaching 50% maximal heart rate (HR
max). After the warm-up, the participants increased intensity to 70% HR max, based on
increasing velocity or angle for a tread-mill, resistance for upright bikes (Technogym Artis,
Cesena, Italy), and range of movement or resistance for an x-trainer (Precor EFX556i Elipsa,
Woodinville, WA, USA). Aerobic exercises were performed mainly on a treadmill (fast walk
or jog). When the examined participant reported muscle pain, they could use a different
training device (upright bike or x-trainer) to reduce discomfort and lower the chance for
injury. The training was of a continuous character with a steady HR. The duration of the
aerobic training was 45 min. After the training, the participants stretched the engaged
muscle groups for 10 min.

2.3.2. Combined Aerobic-Resistance Training

The course of the aerobic-resistance intervention (Table S1, Supplement): the training
with elements of aerobic-resistance exercises took place 3 times per week in groups of
max 5 participants. The training started with a 5-min aerobic warm-up: walking on a
treadmill (Technogym New Excite Run Now 500, Cesena, Italy) to reach an intensity of
50% HR max. Initially, the training comprised 3 complex exercises involving the whole
body (FBW—full body workout), such as squats, push-ups with adjustable height of arm
prop, bent isolated one-arm dumbbell row, 4 series with 120-s breaks between them. In the
second week of intervention, following adaptation of the body to the training, the training
changed to 3 series of 6 exercises, with 90-s breaks between them. From the third week of
intervention, the training included 3 series of 9 exercises, with 60-s breaks between them.
At first, the load was set at 50% of one repetition maximum (1 RM), then it was raised to
70% 1 RM after 4 weeks of training. After the resistance exercises, the participants were
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trained on the treadmill (Technogym New Excite Run Now 500, Cesena, Italy), upright
bike (Technogym Artis, Cesena, Italy), or x-trainer (Precor EFX556i Elipsa, Woodinville,
DC, USA) at an intensity of 50% HR max in the first week and 70% HR max from the
second week of intervention. The duration of the resistance training sessions was 30, 35,
and 40 min, respectively, followed by 20, 15, and 10 min for aerobic training, respectively.
Training finished with stretching the engaged muscle groups for 5 min. The duration of
the whole training was 60 min. The training engaged large muscle groups, whereas in
subsequent exercises, through isolation of the practised exercise positions, the synergistic
muscles of lower mass were activated. The training employed dumbbells, barbells, training
devices, and the participant’s own body mass. The progression of load (%) in the selected
resistance exercises during the intervention and follow-up, calculated based on the data
obtained in the force test 1 RM [32], compared to baseline are presented in Table 1 for EG2.

Table 1. The progression of load [%] in selected resistance exercises during the intervention and
follow-up compared to baseline in the aerobic-resistance group EG2.

Time of Observation Barbell Bench Press Lat Pull Down Dumbbell Squat Total Load of 3 Exercises
After 6 weeks of 15.32 11.76 16.77 15.50
intervention
After 12 weeks of 23.84 23.02 25.41 24.35
intervention
After 16 weeks, 26.92 25.70 26.30 26.50
follow-up period
p-Value 0.00 0.00 0.00 0.00

2.4. Statistical Analysis

The distribution of results for the analyzed variables was checked by applying a
Shapiro-Wilk test. Due to a skewed distribution of most variables, the differences between
the study groups and the control group were assessed using the Kruskal-Wallis test.

To compare the impact of intervention on changes in the analyzed variables between
EG and CG, the Friedman test with post hoc comparison (Wilcoxon-Nemenyi test) was
used. The effect size (E.S.) was estimated for the Friedman test: W = X2/N(K — 1); where
W is the Kendall’s W value, X2 is the Friedman test statistic value, N is the sample size, and
K is the number of measurements per subject. The Kendall’'s W coefficient assumes a value
from 0 (indicating no relationship) to 1 (indicating a perfect relationship). Kendalls uses
the Cohen’s interpretation guidelines of 0.1 < 0.3 (small effect), 0.3 < 0.5 (moderate effect)
and >0.5 (large effect) [33]. The Spearman correlation coefficient (r) was calculated.

In order to explain the variability in IL-6 and IR levels, multiple regression was applied.
The models were prepared using an econometric linear model of multiple regression
assessed by the method of least squares. In both models, the residual standard errors and
test p-values were corrected using heteroscedasticity-adjusted robust standard errors.

In all analyses, the effects were assumed significant if their probability value p was
lower than the accepted significance level a = 0.05 (p < 0.05).

The ggplot2 package of RStudio IDE in R programming language was used to perform
all calculations.

3. Results

There were no differences between EG1, EG2, and CG with respect to age, number of
parameters of MetS confirmed in the examined males, and basic anthropometric parameters
before the interventions (Table 2).

After applying the health training interventions both in EG1 (p = 0.00) and EG2
(p =0.00), an increase in energy expenditure [kcal/week] was confirmed at each week
of measurements in relation to the first week of tests. In CG, the total energy expenditure
did not change significantly through the whole period of observation. The energy value of
the diet during the intervention after 6 (p = 0.53) and 12 (p = 0.22) weeks did not change
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in EG1, but a remarkable increase in delivered calories was noticed during the follow-up
period (p = 0.01) in the diet of the described group. Similarly, an increase in delivered
calories in the diet was confirmed in EG2 (p = 0.00). In CG, the energy value of the diet
during the observation period did not change significantly (p = 0.35) (Table 3).

Table 2. Characteristics of the research participants in the aerobic group (EG1), aerobic-resistance
group (EG2), and control group (CG).

Group

Index p-Value
EG1 EG2 CG
Age [years] 34.21 4 6.06 37.37 + 7.08 38.26 + 7.43 0.20
MetS criterion acc. to IDF 3.07 +0.83 3.25 + 0.86 3.47 +0.74 0.30
BMI [kg/m?] 34.57 + 4.58 33.14 +4.32 33.20 + 4.31 0.62
WC [cm] 1147 +1093 1148+ 11.64 1153 4+ 10.54 0.93

MetS—number of metabolic syndrome parameters that meet the criteria of recognition by IDF (International
Diabetes Federation), BMI—body mass index, WC—waist circumference, p-Value—Kruskal-Wallis test.

Table 3. Energy expenditure and energy value of the research participants’ diets in the aerobic group
(EG1), aerobic-resistance group (EG2), and control group (CG).

Week 1 Week 6 Week 12 Week 16 Val
G Baseline Intervention Intervention Follow-Up p-value
T.
Q1; Q1; Q1; Q1; ET d6-1 d12-1 d1e6-1
Me o5 Me o5 Me o5 Me % (&s) (ES) (ES) (ES)
3329.3; 47775; 44951; 44866; 000 000 000  0.00
EGL 38137 7140 99973 177 985 07 475 04 (070)  (088)  (0.88)  (083)
Energy expenditure 3412.3; 44193; 42499; 46090; 000 000 000  0.03
[keal/ EG2 37465 455 0989 5936 927 sez;pg 202 saugs (042)  (086)  (0.86)  (0.64)
week] 2978.1; 2760.3; 3425.4; 34738, 073 100 068 027
CG MBI 5oy 301 5ug7q 46052 iy 46828 a9 (003)  (0.00)  (0.13)  (034)
TK. 0.90 0.03 0.13 0.60
2085.8; 22005; 2327.0; 24155, 000 053 022 001
EGL 27615 51070 2455 3033 27085 a5 31340 575 032  017)  (034)  (0.66)
Enerey value of dict 2325.5; 2531.8; 2612.3; 2671.0; 000 003 001  0.00
Ay day] EG2 26695 7860 20805 9968 20855 gpppg 29005 5130 (035)  (063)  (083)  (0.86)
24115; 2653.8; 2683.8; 28550, 035 027 043  0.04
CG 26890 Gg755 27820 gu550 28035 gyags’ U200 5000 007)  (034)  (024)  (059)
TK. 0.81 0.50 0.77 0.95

EG1—aerobic group; EG2—aerobic-resistance group; CG—control group; d 6-1, d 12-1, d 16-1—differences in
results obtained after 6 and 12 weeks of intervention and after 4 weeks of follow-up, respectively, in relation to mea-
surements taken before intervention; Me—median; Q1—lower quartile; Q3—upper quartile; p < 0.05—statistically
significant difference; p > 0.05—statistically insignificant difference; E.S.—effect size; T.K.—Kruskal-Wallis test;
F.T.—Friedman test.

After applying 6 (p = 0.00) and 12 (p = 0.00) weeks of aerobic-resistance exercise
intervention, a significant (p = 0.00) increase in FFM was confirmed in the examined males
(EG2). In contrast, no change in FFM was found in either EG1 or CG. Changes in total
percentage of BF were found in EG1 (p = 0.05) and EG2 (p = 0.01) at 6, 12, and 16 weeks
compared to the initial measurements. The highest decrease in BF level was observed in
EG2 (Table 4), while a increase in BF level was confirmed between measurements at 6 and
12 weeks in CG (data not included).

Significant changes (p = 0.03) in the level of INS were observed between measurements
in EG2. A decrease in INS level took place between 1 and 16 weeks (p = 0.03). A significant
change in the concentration of GL was found in a single measurement: a decrease in GL
concentration was confirmed between measurements at weeks 1 and 16 in EG1 (p = 0.02)
(Table 5).
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Table 4. Body composition measured using densitometry in the aerobic group (EG1), aerobic-
resistance group (EG2), and control group (CG).

Week 1 Week 6 Week 12 Week 16 Val
G Baseline Intervention Intervention Follow-Up p-vatue
I.
Q1 Q1; Q1 Q1; T.E. de6-1 di12-1 d16-1
Me g3 Me o M 03 M 035 @®S) (ES) (ES) (ES)
67.06; 66.40; 66.01; 66.79; 0.72 0.24 0.69 0.79
EG1 70.30 74.83 70.86 73.15 69.80 73.33 70.06 75.20 (0.03) (0.34) (0.13) (0.09)
FFM 60.39; 65.25; 63.49; 64.61; 0.00 0.00 0.00 0.00
[kg] EG2 67.75 73.22 71.82 76.00 69.66 73.71 67.66 74.27 (0.30) (0.89) (0.77) (0.89)
62.69; 62.63; 63.45; 65.49; 0.77 0.74 0.57 0.91
cG 67.78 76.68 68.35 77.42 71.25 77.44 72:36 76.25 (0.02) (0.14) (0.22) (0.06)
TK. 0.46 0.81 0.86 0.79
35.67; 35.07; 33.80; 33.18; 0.05 0.05 0.03 0.02
EG1 37.40 40.25 37.25 39.38 38.10 39.90 36.95 40.25 (0.18) (0.55) (0.61) (0.60)
34.05; 33.80; 33.40; 33.15; 0.01 0.01 0.01 0.00
BF ’ 2 ’ 2
[%] EG2 3640 39.7 3580 38.47 35.00 37.80 33.90 37.15 (0.27) (0.76) (0.79) (0.86)
34.82; 34.53; 35.42; 36.53; 0.15 0.16 0.19 0.25
cG 3695 40.73 37.20 42.10 37.55 42.12 38.55 41.85 (0.11) (0.49) (0.46) (0.42)
TK. 0.87 0.60 0.38 0.26
FFM [kg]—fat free mass; BF [%]—percentage of body fat; EG1—aerobic group; EG2—aerobic-resistance group;
CG—-control group; d 6-1, d 12-1, d 16-1—differences in results obtained after 6 and 12 weeks of interventions
and after 4 weeks of follow-up, respectively, in relation to measurements taken before intervention; Me—median;
Ql—lower quartile; Q3—upper quartile; p < 0.05—statistically significant difference; p > 0.05—statistically
insignificant difference; E.S.—effect size; T.K.—Kruskal-Wallis test; F.T.—Friedman test.
Table 5. Concentrations of glucose (GL) and insulin (INS) in participants’ blood in the aerobic group
(EG1), aerobic-resistance group (EG2), and control group (CG).
Week 1 Week 6 Week 12 Week 16 Val
G Baseline Intervention Intervention Follow-Up p-value
r.
Q1 Q1; Q1 Q1; T.E de6-1 d12-1 d1e-1
Me o5 Me o3 Me o5 Me 3 @®S) (ES) (ES) (ES)
10.50; 7.60; 8.52; 8.68; 0.36 0.23 0.38 0.13
EGL 1465 5100 1045 qgug 1905 o4s 1235 900 (008)  (040) (031) (0.50)
11.20; 13.32; 8.20; 7.66; 0.03 0.08 0.41 0.03
INS '’ 7 7 'y
(LU /o0 ] EG2 1625 oy 1y 875 ppqg 12000 449 1075 105 (019)  (056)  (029)  (0.69)
11.15; 13.62; 13.40; 11.80; 0.12 0.34 0.25 0.91
€6 2060 22.90 18.70 27.25 2030 28.4 16.80 28.40 (0.12) (0.34) (0.42) (0.06)
T.K. 0.77 0.06 0.06 0.13
4.75; 4.77; 4.70; 4.64; 0.12 0.11 0.17 0.02
EG1 516 5.61 4.96 5.16 4.84 5.03 4.78 5.07 (0.14) (0.39) (0.38) (0.66)
4.94; 5.17; 4.86; 4.75; 0.12 0.17 0.73 0.24
GL 7 ’ y y
[mmol/L] EG2 513 5.30 5.26 5.42 5.06 5.27 5.00 5.20 (0.12) (0.45) (0.16) (0.42)
4.99; 5.00; 4.84; 4.79; 0.23 0.52 0.20 0.05
€6 531 54 B8 5y 4% g5 S 5ad 009) 0200 (039)  (0.57)
TK. 0.38 0.08 0.18 0.28

EG1—aerobic group; EG2—aerobic-resistance group; CG—control group; d 6-1, d 12-1, d 16-1—differences
in results obtained after 6 and 12 weeks of interventions and after 4 weeks of follow-up, respectively, in re-
lation to measurements taken before interventions; Me—median; Ql—lower quartile; Q3—upper quartile;
p < 0.05—statistically significant difference; p > 0.05—statistically insignificant difference; E.S.—effect size;
T.K.—Kruskal-Wallis test; ET.—Friedman test.

After applying aerobic exercise intervention in the examined males (EG1), an increase
in IR concentration was confirmed (p = 0.02) (Figure 2). After aerobic-resistance exercise
intervention (EG2), no changes were found in the concentration of IR, both after 6 and
12 weeks of intervention and after the follow-up period. In the control group (CG), no
changes were found in the concentration of IR. After applying exercise intervention in both
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EGI1 (p =0.01) and EG2 (p = 0.01), a decrease in the concentration of IL-6 was found, and
mean concentrations of IL-6 were lower at each subsequent measurement in EG2 (Figure 3).
Intergroup differences were confirmed after 6 (p = 0.00) and 12 (p = 0.00) weeks between
EG1 and EG2 as well as between EG2 and CG, and after 16 weeks (p = 0.01) between EG1
and EG2 and between EG2 and CG. In the control group (CG), no changes were found in
the concentration of IL-6 (Table 6).

IR - irisin
EG1 | I EG2 | l ce
. Friedman test: p = 0.02
60
o
40 ‘
E
o
=
. ‘
20 ‘
= | N
0 - I T
1 6 12 16 1 6 12 16 1 6 12 16

Week of examinations

Figure 2. Changes in irisin (IR) concentration [ng/mL] in the aerobic group (EG1), aerobic-resistance
group (EG2), and control group (CG) during weeks of examinations.

IL-6 - interleukin-6
EG1 | EG2 || cG
Friedman test: p=0.01 Friedman test: p = 0.00
°

40

(1]

[pg/mi]

20
L p=003
1 I}
=

J  —— p=001 ﬁ

p=001

1 6 12 16 1 6 12 16 1 6 12 16
Week of examinations

Figure 3. Changes in interleukin-6 (IL-6) concentration [pg/mL] in the aerobic group (EG1), aerobic-
resistance group (EG2), and control group (CG) during weeks of examinations.
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Table 6. Concentrations of irisin (IR) and interleukin-6 (IL-6) in participants’ blood plasma in the
aerobic group (EG1), aerobic-resistance group (EG2), and control group (CG).

Week 1 Week 6 Week 12 Week 16 Val
G Baseline Intervention Intervention Follow-Up p-value
T.
01; Q1; 01; Q1; TE  dé61 di12-1 d16-1
Me Q3 Me Q3 Me Q3 Me Q3 (ES) (ES) (ES) (ES)
2.80; 1.34; 6.80; 489; 002 006 081 006
EGL 305 5o 240 g4 1256 3531 74l 305 (024)  (091) (0.18)  (0.91)
R 5.50; 6.43; 5.71; 566, 069 016 094 058
ing/mi] EG2 1005 g7y 1314 ngg 1027 gpog 1000 941 003) (058 (0.06)  (0.26)
5.07; 2.57; 6.06; 523; 005 058 058 030
€G89 ooy 4B o500 1971 5035 1246 985 (020)  (026) (026)  (0.48)
TK. 0.07 0.14 0.99 0.36
12.59; 16.16; 14.58; 794 001 021 058  0.10
EGL 1756 o4y 1898 5495 1999 qgp3 138 4550 (0290 (040) (0.19) (0.51)
L6 4.65; 2.80; 3.10; 1.08; 000 003 001 001
[pg/mL] EG2 79 qga0 810 pgr 303 9oy 310 54 032)  071) (085  (0.85)
10.46; 12.97; 15.39; 517, 023 010 007 097
CG 1519 599 M0 599 1599 g7 W jgus 009)  (051) (051  (0.02)
TK. 0.08 0.00 0.00 0.01

EG1l—aerobic group; EG2—aerobic-resistance group; CG—control group; d 6-1, d 12-1, d 16-1—differences
in results obtained after 6 and 12 weeks of interventions and after 4 weeks of follow-up, respectively, in re-
lation to measurements taken before interventions; Me—median; Ql—lower quartile; Q3—upper quartile;
p < 0.05—statistically significant difference; p > 0.05—statistically insignificant difference; E.S.—effect size;
T.K.—Kruskal-Wallis test; ET.—Friedman test.

Significant correlations (Table 7) were confirmed in EG1 between IR and energy
expenditure (r = 0.27), FEM (r = 0.35), concentration of GL in blood (r = 0.44), INS (r = 0.37),
and also between IL-6 and energy expenditure (r = 0.35), FFM (r = 0.44), GL (r = 0.31),
and INS (r = 36). In EG2, correlations were found between the concentrations of IR and
IL-6 (r = —0.31) and energy value of the diet (r = 0.27), as well as between IL-6 and energy
expenditure (r = —0.35) and BF (r = 0.38). In CG, correlations were observed between
IR and BF (r = —0.30), GL (r = —0.36), and INS (r = —0.42). No correlations were found
between IL-6 and other parameters in CG (Table 7).

Table 7. Spearman’s rank correlations for participants in the control group (CG), aerobic group (EG1),
and aerobic-resistance group (EG2).

IR EG1 IR EG2 IR CG IL-6 EG1 IL-6 EG2 IL-6 CG
[ng/mL] [ng/mL] [ng/mL] [pg/mL] [pg/mL] [pg/mL]
Energy value of diet [keal] 0.23 0.27 * 0.08 —0.05 —0.07 0.06
Energy expenditure [kcal /week] 0.27 * 0.05 0.06 0.35* —0.35* —0.10
BF [%] —0.19 —0.11 —0.30 % 0.19 0.38 * 0.05
FFM [kg] 0.35* —0.05 —0.06 0.44 * —0.18 0.22
IR [ng/mL] 1.00 1.00 1.00 0.16 —-0.31* 0.10
IL-6 [pg/mL] 0.16 —031* 0.10 1.00 1.00 1.00
GL [mmol/L] 0.44* —0.14 —0.36 * 0.31* 0.06 —0.12
INS [uIU/mL] 0.37 * —0.09 —042* 0.36 * 0.22 —0.04

*—statistically significant value p < 0.05; IR EGl—concentrations of irisin in EG1 taken from the four timepoints;
IR EG2—concentrations of irisin in EG2 taken from the four timepoints; IR CG—concentrations of irisin in CG
taken from the four timepoints; IL-6 EG—concentrations of interleukin-6 in EG1 taken from the four timepoints;
IL-6 EG2—concentrations of interleukin-6 in EG2 taken from the four timepoints; IL-6 CG—concentrations of
interleukin-6 in CG taken from the four timepoints; FFM—fat free mass; BE—percentage of body fat; GL—glucose
level; INS—insulin level.

The applied multiple regression model demonstrated that both BF and FFM were
significantly connected with the concentration of IR (p < 0.05). Males in EG2 featured sig-
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nificantly lower concentrations of IR than males in EG1. The analyzed variables explained
14% of variability in IR (value of R? model = 0.14) (Table 8).

Table 8. Parameters of multiple regression model of the irisin (IR) dependent variable.

Dependent Variable Parameter Assessment  Standard Error t Value p-Value
Free parameter 11.83 10.34 1.14 0.25
BF [%] —0.72 0.21 —3.45 0.00
FFM [kg] 0.43 0.12 3.48 0.00
Dummy: EG2 —6.40 3.08 —2.08 0.04
Dummy: CG —3.62 2.55 —1.42 0.16

BF—percentage of body fat, FFM—fat free mass, EG2—aerobic-resistance group, CG—control group.

The applied multiple regression model showed that BE, FEM, and the type of examined
group together explained 32% of the variability in IL-6 (value of R model = 0.32). Males in
EG2 and CG were characterized by a significantly higher concentration of IL-6 than males
in EG1 (Table 9).

Table 9. Parameters of multiple regression model of the IL-6 dependent variable.

Dependent Variable Parameter Assessment  Standard Error t Value p-Value
Free parameter -15.26 7.33 —2.08 0.04
BF [%] 0.25 0.11 2.23 0.03
FFM [kg] 0.19 0.09 2.06 0.04
Dummy: EG2 9.90 1.52 6.51 0.00
Dummy: CG 6.63 1.27 5.21 0.00

BF—percentage of body fat, FFM—fat free mass, EG2—aerobic-resistance group, CG—control group.

4. Discussion

The main aim of the research was to assess the effects of 12 weeks of two different
exercise interventions and 4 weeks of follow-up on the concentrations of IR and IL-6 in
males with MetS.

While interpreting fluctuations in the concentrations of IR and IL-6, the moment of
measuring the concentration of hormones in plasma should be taken into account. In this
study, the measurements were taken at fasting 24 h after training. Under such conditions,
the increased concentrations of I1-6 and IR may have resulted from increased synthesis in
the adipose tissue. IL-6 and IR levels increase mainly under the influence of effort and
skeletal muscle activation, and their measurement should be performed on the training day,
preferably during training or immediately after finishing it [34,35]. It was demonstrated
that IR levels instantly increase after the beginning of physical activity in adults with and
without MetS [17,36,37]. The response of IR release depends on the intensity of the effort.
Higher levels are observed after more intensive effort [38]. The concentration of circulating
IL-6 increases exponentially in response to physical activity [34]. Concentrations of IL-6
in plasma may increase by 100 times in response to exercise [21]. The concentration of the
hormone stabilizes 24 h after exercise intervention [35].

There are contradictory reports on the results of IR concentrations connected with
long-term (>8 weeks) intervention of physical activity. When both resistance and aerobic
training were applied to groups with either normal body mass or obesity, the authors of a
meta-analysis observed an increase in IR concentration and long-term results were obtained
by people performing resistance training [39]. Additionally, in the study by Cosio et al. [40],
an increased concentration of IR was found in people performing resistance training. In
the meta-analysis by Qiu et al. [41], the authors registered a decrease in IR level in aerobic
training intervention groups. Meanwhile, in an overview of studies on healthy adults, no
significant changes were observed in the concentration of IR after performing long-term
resistance or aerobic training [42].
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IR is mainly produced in the tissue of skeletal muscles under the influence of physical
effort, but it is also synthesized in adipocytes [43]. The occurrence of the ‘IR resistance’
phenomenon in patients with MetS and in an obese population was previously reported [16].
Another cause of the increased concentration of IR in the blood of obese patients may be the
higher secretion of the hormone from adipose tissue [44]. A positive correlation between
IR concentration and body mass, BMI, fat mass, and INS resistance was confirmed by
Perakakis et al. Despite the fact that the concentration of IR was higher in obese patients, it
was lower in patients with type 2 diabetes (T2DM) in some studies [45]. In the research
of Norheim et al. [46], a 12-week training intervention decreased the concentrations of IR
both in groups of healthy males and in those with INS resistance. Taking into consideration
fluctuations of hormones connected with the issue of resistance, this study was expected
to show increased concentrations of IR in the participants” blood and decreased levels
influenced by intervention, correlated with the loss of body fat and an increase in fat free
body mass. In the group with aerobic training, after 6 weeks of intervention, there was a
decrease in the percentage of BF and a decrease in IR concentration, whereas no changes
were observed in the level of FFM. The increased IR concentrations in EG1 could have
resulted from changes associated with the physical exercise effect (energy expenditure,
r = 0.27). IR released from muscles stimulates increased mRNA expression of uncoupling
protein 1 (UCP1) in adipocytes, leading to the transformation of white adipose tissue into
brown adipose tissue, causing energy expenditure and inducing thermogenesis and GL
homeostasis. In this group, the concentration of GL gradually decreased and a significant
decrease took place 16 weeks after beginning the intervention. In the aerobic group, a
positive correlation between IR concentration and fat free mass was also confirmed. A
positive correlation between IR concentration and muscle mass or FFM was also observed
by other scientists [37,47,48]. The mechanisms underlying the positive energy balance
in obese patients are numerous, complex, and multifactorial. They exist largely beyond
conscious control and are only partially the same among patients [49].

In the aerobic-resistance group, no significant changes in IR concentration were ob-
served after 12 weeks of intervention. However, a significant decrease in the percentage
of adipose tissue (—6.9%) and increase in the percentage of FFM (6.0%) were confirmed,
despite an increase in the energy value of the diet in the analyzed period of time. A
possible cause of the increased energy value of the diet was an increase in the feeling
of hunger among examined participants after introducing physical activity and higher
energy expenditures.

In this study, the mean level of BMI was 33.63 kg/m? and the participants met at least
3 of 5 of the criteria of MetS. According to a previously published report [15], such a group
has a high risk of IR resistance; therefore, a beneficial effect obtained through intervention
is the lowering of IR concentrations, as found in EG1 during the first 6 weeks of observation.
In a previous paper [13] investigating the relationship between IR and metabolic diseases,
including obesity, type 2 diabetes, and hepatic steatosis, different test results were observed.
It was shown that the concentration of IR was high in a group of obese people, whereas
patients with type 2 diabetes and hepatic steatosis had lower concentrations of IR in relation
to the control group. Researchers observed higher concentrations of IR and IL-6 in obese
males with a tendency to suffer from MetS [19].

In this study, a gradual decrease in IL-6 concentrations was observed in the groups
performing physical activity: in the aerobic-resistance group it amounted to —74% after
16 weeks and —18% was observed in the aerobic group. In the control group, no significant
changes were found. The difference between groups indicated lower concentrations of
IL-6 in the group performing aerobic-resistance training. The pathophysiology of obe-
sity includes the occurrence of a chronic inflammatory condition with low intensity as a
result of, among other factors, excessive synthesis of IL-6 by adipose tissue [50]. In the
present work, a positive correlation was found between the percentage of adipose tissue
and IL-6 level in EG2. Increased concentrations of IL-6 occur in patients with obesity
and type 2 diabetes [51]. Myokine IL-6 is of significant importance to muscle efficiency
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during a muscle contraction, while IL-6 synthesized in adipose tissue, especially when it
is chronically increased, may lead to INS resistance in muscles. Despite the fact that IL-6
synthesized in muscles provides therapeutic potential for INS resistance, there appear to
be challenges connected to distinguishing the source of IL-6 synthesis, i.e., adipose tissue
or skeletal muscle [52,53]. Observing a significant decrease in INS concentrations in EG2,
accompanied by the highest decrease in IL-6 concentrations and the highest increase in FFM
level, suggests that the changes result from the decrease in adipose tissue content, leading
to lowering of the inflammatory condition in the body and INS resistance connected with
obesity. The presented multiple regression model confirmed that BF and FFM explained
14% of the variability in IR concentration and 32% of the IL-6 variability. The present work
demonstrated a significant negative correlation between the concentrations of IR and IL-6
in EG2. IR features anti-inflammatory properties that can lead to the decreased secretion of
inflammatory cytokines, such as TNF-alpha and IL-6 [54].

There is information on the relationship between IR, IL-6, and the metabolism of
carbohydrates in previous reports; therefore, an analysis of GL and INS concentrations was
performed at individual timepoints in the current study. In EG1 and CG, no changes in
the concentration of INS were observed. In EG2, after 6 weeks of intervention, an increase
in INS concentration was confirmed, and a significant decrease was found in subsequent
measurements that amounted to —34% after 16 weeks. In the post-hoc test, a significant
decrease in GL level was registered after 16 weeks of intervention in EG1 and there was
also a change between 6 and 16 weeks of intervention in EG2 (data not included). The
relationship between IR and INS resistance is not explicit. In the study by Park et al. [15], it
was observed that the concentration of IR was higher in people with MetS and was closely
connected with INS resistance. However, in the research by Choi et al. [55], it was found
that concentrations of IR were lower in people with type 2 diabetes and no relation was
observed between IR and INS resistance.

IR leads to the browning of adipose tissue, which may affect the metabolism of GL.
In humans, brown adipose tissue features ten times higher GL uptake through INS after
exposure to cold than white or visceral adipose tissue [56]. Moreover, IR induces the
expression of glucotransporter 4 (GLUT4) in mature human adipocytes [57]. Introduction
of recombinant IR to human skeletal cells significantly increased GL and fatty acid uptake
(30—40%) for approximately 1 h. Such intervention provided similar results as the uptake
observed after exposure to INS [58]. In humans, the synthesis of FNDC5 and secretion of
IR are higher in the skeletal muscles of people with obesity but without T2DM, probably to
maximize GL uptake by muscles and prevent hyperglycemia [59,60]. There are reports that
INS may not have an influence on the secretion of IR, regardless of the concentration, in
people with INS resistance or obesity. In people with T2DM, GL is an important regulator
of IR secretion from skeletal muscle [60].

This study was not free from limitations. The focus of this study was to compre-
hensively investigate clinical and/or functional adaptations in a relatively non-invasive
manner, whereas assessment of the detailed molecular mechanisms was not possible.
The monitoring of physical activity was conducted using devices monitoring heart rate;
however, more precise supervision could be obtained by measuring VO2 max [61]. The
examined participants increased the energy value of their diet despite registering their
dietary habits and recommendations to keep their previous nutritional standards. This
study only included male participants, and finally, the group sample sizes were relatively
small and as such, added to variability in our data.

In summary, it should be emphasized that the application of combined aerobic-
resistance training led to a higher decrease in IL-6 and INS concentrations and advan-
tageous changes in the body composition compared to performing only aerobic training in
males with MetS.
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Table S1. A detailed plan of aerobic-resistance training in aerobic-resistance group (EG2).

Trainings 1-3

Trainings 4-6 Trainings 6<

Intensity of aerobic
training
[% HR max]
Duration of aerobic
training
[min]
Intensity of
resistance training
[% 1 RM]
Duration of
resistance training
[min]
Volume of
resistance training
[exercises x series x

repetitions]

Breaks between
series

[min]

Type of training

Specialised

exercises

3.
4.

50

20

50

30

3x4x15

Whole body training

Supported push-ups
(Smith machine)
One arm dumbbell
row

Squads

Front support

70 70

15 10

70 70

35 40
6x3x12 9x3x12

15 1

Training of antagonistic

Training of antagonistic parts

® N o v

9.

parts
Barbell bench press

Standing dumbbell press ) )
10. Cable triceps extension

11. Standing dumbbell curl
12. Deadlift

Bent dumbbell row
Reverse grip lat
pulldown

Hip thrust lying

1RM - one repetition maximum, HR max — maximal heart rate.



Journal of

%

Clinical Medicine

Article

Impact of Two Types of Exercise Interventions on Leptin and
Omentin Concentrations and Indicators of Lipid and
Carbohydrate Metabolism in Males with Metabolic Syndrome

Karol Makiel 1*, Agnieszka Suder 1'*(), Aneta Targosz 2, Marcin Maciejczyk 3, Agnieszka Koziol-Kozakowska 4

and Alon Haim 5%

check for
updates

Citation: Makiel, K.; Suder, A.;
Targosz, A.; Maciejczyk, M.;
Koziot-Kozakowska, A.; Haim, A.
Impact of Two Types of Exercise
Interventions on Leptin and Omentin
Concentrations and Indicators of
Lipid and Carbohydrate Metabolism
in Males with Metabolic Syndrome.
J. Clin. Med. 2023, 12,2822. https://
doi.org/10.3390/jcm12082822

Academic Editors: Joaquin Calatayud

and Rubén Lépez-Bueno

Received: 5 March 2023
Revised: 7 April 2023
Accepted: 11 April 2023
Published: 12 April 2023

Copyright: © 2023 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

Department of Anatomy, Faculty of Physical Rehabilitation, University of Physical Education,

31-571 Cracow, Poland

Department of Physiology, Faculty of Medicine, Jagiellonian University Medical College,

31-531 Cracow, Poland

Department of Physiology and Biochemistry, Faculty of Physical Education and Sport,

University of Physical Education, 31-571 Cracow, Poland

Department of Pediatrics, Gastroenterology and Nutrition, Faculty of Medicine, Jagiellonian University
Medical College, Wielicka Str. 265, 30-663 Cracow, Poland

Department of Pediatrics Endocrinology and Diabetes, Faculty of Health Sciences, Ben-Gurion University of
the Negev, Beer-Sheva 653, Israel

Soroka University Medical Center, Beer-Sheva 151, Israel

*  Correspondence: karol.makiel@awf krakow.pl (K.M.); agnieszka.suder@awf.krakow.pl (A.S.)

Abstract: Leptin (LEP) and omentin (OMEN) are proteins whose concentrations change with the
development of the metabolic syndrome (MetS). There are few intervention studies using various
forms of physical activity in people with MetS that aim to determine the impact of physical exercise
on the fluctuations of the presented hormones, and their results are contradictory. The present study
aimed to examine the effect of two types of exercise intervention on LEP and OMEN concentrations
and indicators of lipid and carbohydrate metabolism in males with MetS. The study included
62 males with MetS (age 36.6 & 6.9 years, body mass 110.31 & 17.37 kg), randomly allocated to
EG1, the examined group with aerobic training (n = 21); EG2, the examined group with combined
aerobic and resistance training (1 = 21), both for 12 weeks, and the control group (CG) without
interventions (n = 20). Anthropometric measurements, body composition (body fat [BF], android body
fat [ANDR]), as well as a biochemical blood analysis (omentin [OMEN], leptin [LEP], quantitative
insulin sensitivity check index [QUICKI], high-density lipoprotein cholesterol [HDL-C] and nonHDL-
C) were performed at baseline, and at 6 and 12 weeks of interventions and after 4 weeks after
ending intervention (follow-up). Intergroup and intragroup comparisons were performed. In the
intervention groups EG1 and EG2, a decrease in BF was observed as well as an improvement in
carbohydrate metabolism parameters. In the EG1 group, the level of ANDR was reduced. In EG2
a decrease in LEP concentration between measurements was confirmed. However, no significant
changes were found in the concentration of OMEN in any groups. Combined aerobic and resistance
exercises led to a higher reduction of LEP concentration than applying only aerobic training in males
with MetS.

Keywords: omentin; leptin; exercise; metabolic syndrome; obesity; physical activity; QUICKI

1. Introduction

The metabolic syndrome (MetS) is diagnosed in patients who are affected by several
mutually connected disorders leading to an increased risk of cardiovascular disease de-
velopment, mainly atherosclerosis, insulin resistance and type 2 diabetes, and vascular
and neurological complications such as cerebrovascular incidents [1]. Metabolic disorders
become a syndrome if three out of five criteria are confirmed in a patient: abdominal
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obesity, low high-density lipoprotein cholesterol (HDL-C), high triglyceride levels, high
glucose level, high blood pressure, or treatment for a specific disorder is conducted. The
main, indirect cause of MetS is obesity which is always connected with the risk of type 2
diabetes, cancers and other chronic diseases that are components of the MetS [2,3]. Insulin
resistance is thought to be the direct cause of diseases that the MetS consists of, mainly due
to strong correlations with obesity and accompanying comorbidity [4]. Obesity favours
the accumulation of visceral fat, which is connected with the occurrence of systemic in-
flammation of low intensity and adds to the development of metabolic disorders [5]. In a
population of obese people at risk of the MetS, a dysregulated production of adipokines
may lead to disorders in the functioning of insulin and glucose homeostasis [6]. Changes
in adipokines levels, especially those produced in visceral fat tissue, may reflect systemic
complications linked to obesity [7-9]. During the research overview it was found that
white and brown adipose tissue communicate with skeletal muscles and the heart through
the secretion of leptin (LEP) and omentin (OMEN) whose concentrations significantly
alter with the development of obesity [10,11]. Concentrations of circulating biomarkers of
inflammation condition, insulin resistance and LEP are significantly higher in people with
MetS compared to the control group [12], whereas in the same population lowered levels
of OMEN were observed [13].

Leptin (LEP) is an adipokine that due to its influence on the regulation of appetite and
energy homeostasis attracts interest among researchers dealing with obesity and MetS [14].
Insulin and LEP act as the key signals regulating energy balance through direct influence
on their related receptors in hypothalamus neurons affecting the control of food intake
and energy expenditure [15]. Moreover, LEP plays many roles in the body, including a
considerable role in immunology and respiratory systems, and it influences the regulation
of sex hormones [16-19]. In obesity patients and in patients with MetS, the phenomenon of
leptin resistance takes place [12,20]. The concentration of LEP level in serum is proportional
to the level of obesity and it reflects the energy state of the body. The BMI threshold when
the concentration of LEP starts increasing is 24.6 kg/m? [11]. Leptin resistance is the main
factor that leads to a progression of the MetS and understanding of the mechanism of leptin
resistance development requires further research [4]. An improper level of LEP may result
in the development of type 2 diabetes (T2DM) [21], cardiovascular diseases [22] and some
cancers [23,24].

Omentin (OMEN) occurs in two forms: OMEN-1 and OMEN-2 [25]. OMEN-1 is the
main protein among isoforms that exists in the human body [13,26]. Unlike most adipokines,
OMEN is not produced in subcutaneous fat tissue [27]. It is mainly synthesized in visceral
fat tissue [25]. Despite this, its lowered concentrations are observed in a population of obese
people and its decrease leads to metabolic disorders such as insulin resistance and glucose
intolerance. People with proper body weight feature a much higher concentration of OMEN
in serum than those overweight [13]. There are also differences in OMEN concentrations in
the case of different sex—women have higher concentrations of OMEN than men [13]. The
level of OMEN may allow us to predict metabolic consequences or diseases co-existing with
obesity [13]. In relation to other adipokines, it was demonstrated that OMEN is positively
connected with the level of adiponectin in serum and negatively with levels of LEP [13].
Low concentrations of OMEN in serum are also found in patients with type 1 and type
2 diabetes [28,29]. Secretion of OMEN-1 is stimulated in response to applying physical
activity. Physiological adaptation of skeletal muscles to physical activity can also be related
to the action of OMEN [30]. Conducting intervention research with the use of aerobic or
resistance training leading to the reduction of adipose tissue offers opportunities for a
better understanding of how the discussed adipokine works.

Regular physical activity is an important element of a lifestyle that prevents metabolic
complications [31]. The American College of Sports Medicine recommends introducing
200-300 min of moderate physical activity weekly for obese and overweight people in order
to achieve a clinically significant reduction of body mass [32]. The researchers highlight
benefits resulting from applying aerobic-resistance training as an element of intervention
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in health condition improvement in people with a surplus of adipose tissue. An important
area of the positive influence of resistance training on health conditions in people with
surplus body mass comprises beneficial hormonal changes in the levels of adiponectin,
leptin and insulin and improvement of MetS parameters [33]. Resistance training does not
always lead to body mass loss, but it can increase fat-free mass and decrease adipose tissue,
and changes in proportion in the presented tissues are connected with the improvement
of health conditions, reducing, among others, the level of insulin resistance, inflammation
and atherogenic lipids [34].

A better understanding of roles played by LEP and OMEN in MetS may help choose
more precise therapeutic interventions by the selection of proper training methods leading
to maximum effects from attempts to reduce body mass and improve health [35-37].
Modification of lifestyle by introducing physical activity may lower insulin resistance.
However, test results do not indicate clear results connected with changes in adipokine
concentrations influenced by physical activity in patients with MetS so the authors suggest
that more research should be conducted in the field [38].

The aim of the project was to evaluate the influence of applying two types of physical
training for 12 weeks (aerobic vs. combined aerobic-resistance) and four weeks of follow-up
on the concentration of LEP and OMEN and changes in indicators of lipid and carbohydrate
metabolism in males with MetS. We hypothesize that combined aerobic-resistance training
through the development of muscle mass and loss of adipose tissue brings more beneficial
changes in concentrations of LEP and OMEN than aerobic training.

2. Materials and Methods
2.1. Materials

The research is part of a project whose methodology has already been described in
the paper presenting the effects of exercise interventions on the concentration of irisin and
interleukin-6 [39]. Below, the description of the research methodology was supplemented
with elements related to the present paper.

The research, planned as a prospective, randomized, and controlled trial study, was
to examine the results of applying two kinds of physical training for 12 weeks (aerobic
vs. combined aerobic-resistance) in male subjects with metabolic syndrome (MetS). The
study examined the effects on their body composition, changes in leptin (LEP) and omentin
(OMEN) levels as well as indexes of the MetS in comparison to men with MetS, contained
in the control group, who did not take part in the interventions. After the training period
finished, the subjects from all the groups were monitored for the subsequent 4 weeks as a
follow-up phase.

In order to prevent bias, the laboratory staff, statisticians and analysts were not
informed about the subjects” group allocation, but because of the type of intervention, we
did not employ the blind trial. The research was registered in the clinical trials registry
on the ANZCTR platform (Australian New Zealand Clinical Trials Registry): ACTRN
12622001394730 and received the approval of the Ethics Committee of the Regional Medical
Chamber in Cracow (90/KBL/OK/2020). Figure 1 presents the study course.

The study involved 62 men aged 30-45 (mean age 37 & 7) years with elevated waist
circumference (WC) > 94 cm and with 2 out of the 4 MetS criteria recognised: hyper-
triglyceridemia under treatment or concentration of triglycerides > 150 mg/dl (1.7 mmol/1);
concentration of HDL-C < 40 mg/dl (1.03 mmol/l)—in men or the lipid disorder under
treatment; systolic blood pressure (SBP) > 130 mm Hg or diastolic (DBP) > 85 mm Hg,
or treatment of previously diagnosed hypertension; fasting level of GL in blood plasma
> 100 mg/dl (5.6 mmol/l) or pharmacological treatment of diabetes type 2 (IDF, Interna-
tional Diabetes Federation, 2006 [40]). The exclusion criteria involved a lack of medical
statements concerning no contraindications to undertake aerobic-resistance exercise and
others described in the former article in the field [39].
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Recruitment of the subjects:
Sex: male,
Meeting 3/5 of the MetS requirements,
Age: 30-45 years,

other exclusion/inclusion conditions

N~

Random allocation to 1 of the 3 groups:

Diet and health habits survey,
Questionnaire filled in by patients,
Performing anthrop ometric measurements and analysing body
composition,

Hormonal and biochemical blood tests

Qualification of the subjects for the research:

Aerobic exercise training (EGI), n =21

Aerobic-resistance training (EG2), n =21

Control group (CG) without any training, n =20 1

Control conduct:

Diet and health reports;

Control session 4 weeks Control session after 6
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after the project ended weeks trainings:
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Figure 1. The course of the study.

The subjects were allocated randomly into 3 groups; the assignment relied on simple
randomization following the sealed opaque envelopes:

the experimental group (EG1) of men with MetS (n = 21) realizing aerobic training (age:
34.21 £ 6.06; body mass index, BMI: 34.57 & 4.58; waist circumference, WC: 114.7 £ 10.93;
waist to height ratio, WHtR: 63.37 £ 6.22);

the experimental group (EG2) of men with MetS (n = 21) realizing combined aerobic-
resistance training (age: 37.37 £ 7.08; BMI: 33.14 + 4.32; WC: 114.8 + 11.64; WHItR:
63.90 & 5.97);

the control group (CG) of men with MetS (1 = 20) not realizing any training (age: 38.26 £ 7.43;
BMI: 33.20 + 4.31; WC: 115.3 4+ 10.54; WHtR: 63.72 4+ 4.99). There were no differences
between age and basic anthropological parameters before the interventions.

The subjects received detailed information about the procedures and aim of the study
and about the option to give up the interventions at any stage. There were cases of patients
resigning from the training and of exclusion of participants due to: more than 10% of
missed training (3 cases), uncontrolled alcohol intake (2), absence at control sessions (9),
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and COVID-19 infection (3). The subjects declared not to change their diet, administered
remedies, and spare time activity while participating in the research. They all submitted
written consent to take part in the project and accepted using their data and the study
results for academic aims.

2.2. Methods

The assessments found below were conducted in all the subjects and took place four
times: before the training started, during the project (after 6 weeks and after 12 weeks of
training) and 4 weeks after the end of the training sessions (follow-up):

2.2.1. Anthropometry

Body height (BH) [cm], body mass (BM) [kg] and waist circumference (WC) [cm]
were measured for the needs of the study. BH was taken without shoes, in a standing
position to the nearest 1 mm, with the head in the Frankfurt plane, with a stadiometer
(Seca 231 stadiometer, Hamburg, Germany). BM was measured in the standing position
with a standardized medical scale (Beurer PS 240, Budapest, Hungary), with an accuracy
of 50 g. Waist circumference (WC) was taken to the nearest 1 mm with an anthropometric
tape between the lower edge of the costal arch and the upper edge of the iliac crest with
the subject in a standing position and registered at the end of a gentle expiration. Waist-
to-height ratio (WHtR) was obtained by dividing waist circumference (in cm) by height
(in cm).

2.2.2. Body Composition

Body fat (BF) [kg], android body fat (ANDR) [%] and body mass index (BMI) [kg/m?]
were assessed with the use of Dual-Energy X-ray Absorptiometry (DEXA). Measurements
were done with the Lunar Prodigy Primo PR+352163 (Chicago, IL, USA) device following
the manufacturer’s manual.

2.2.3. Hormonal Blood Indexes

Samples of blood were taken in the morning after a 12-h fast and after a 24-h break
from training, from the basilic, cephalic, or median cubital vein into test tubes (Vacumed®
system, F.L. Medical, Torreglia, Italy) by experienced nurses. They were then immediately
centrifuged (RCF 1000x g) for 15 min at 4 °C (MPW-351R, MPW Med. Instruments,
Warsaw, Poland) and plasma was collected and stored at —80 °C until further study
(BIO Memory 690L, Froilabo, Paris, France). Leptin and omentin concentrations were
assessed with ELISA kits according to the manufacturer’s guidelines. The human Leptin
Sandwich ELISA Kit (catalogue number EIA-2395) was provided by DRG Instruments
GmbH (Marburg, Germany). The human omentin ELISA kit (catalogue number 201-12-
0156) was bought from Shanghai Sunred Biological Technology Co. (Shanghai, China). An
ELx 808 spectrophotometric microplate reader (BioTek, Winooski, VT, USA) was applied to
specify the optical density at 450 nm. Marking was performed in the Laboratory of Genetics
and Molecular Biology at the Department of Physiology, Jagiellonian University Medical
College, Cracow, Poland.

2.2.4. Biochemical Blood Indexes

Sensitivity to insulin was determined applying the quantitative insulin sensitivity
check index (QUICKI) [41], following the formula:

QUICKI = 1/[ log INS (uIU/ml) + log GL (mmol/1)]

Plasma insulin (INS) [uIU/ml] concentration was assessed using electrochemilumi-
nescence (ECLIA) with the Cobas e801 apparatus (Roche Diagnostics International Ltd.,
Mannheim, Germany). Glucose (GL) [mmol/l] concentration in the blood plasma was
conducted by the enzymatic method with the Cobas ¢701/702 biochemical analyser (Roche
Diagnostics International Ltd., Mannheim, Germany). The assessments were realized in
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conformity with the manufacturer protocol using reagents dedicated to the GLUC3 and
Elecsys Insulin analysers, respectively.

The plasma levels of total cholesterol (TC) and high-density lipoprotein cholesterol
(HDL-C) were specified with the spectrophotometric method relying on guidelines of the
clinical chemistry analyser Architect ci-4100 (Abbott Laboratories). The intra- and interassay
coefficients of variation (CV) for the assays were 0.9-1.2 and 1.2-1.8%, respectively. Non-
HDL cholesterol (nonHDL-C) fraction was determined following the formula:

nonHDL-C [mmol/1 — 1] = TC [mmol/l — 1] — HDL-C [mmol/1 — 1]

2.2.5. Evaluation of Energy Expenditure and Energy Value of Diet

The International Physical Activity Questionnaire (IPAQ) was performed to estimate
total physical activity. The calculation of the total estimation of activity relied on the
MET (metabolic equivalent of a task) formula expressed as a value of for example 3 MET
(intensity of slow cycling) x 30 min (duration per day) x 2 times per week (frequency) =
3 [MET] x 30 [min] x 2 [week] [MET min/week] and based on the sum of non-exercise
activity thermogenesis (NEAT) assessed with the use of the IPAQ and energy expenditures
connected with training sessions in EG1 and EG2 [42].

A quantitative assessment of the diet and the monitoring of changes in it while taking
part in the project were realised based on the 24 h interview with nutrition record that
was conducted by an experienced nutritionist. The results were elaborated in the DietaPro
program (version 4.0, Institute of Food and Nutrition, Warsaw, Poland). The energy value
of the diet was calculated as [k] /day].

2.3. Exercise Interventions

Monitoring of intensity in both forms of interventions of aerobic character as well
as the amount of load in resistance intervention were detrained individually, according
to guidelines of the American College of Sports Medicine [43]. Following the project
assumptions, the subjects realized three training sessions weekly that were converted into
3 x 6 MET of energy expenditure per week for aerobic training and 3 x 5.5 MET for the
resistance one [42]. The physical activity interventions took place in a fitness club in Cracow.
Each training was supervised by the same personal coach, at the same daytime (6-9 pm), at
the same temperature (22 Centigrade) and humidity. The subjects’ presence at the training
sessions was registered and consequently, participants were eliminated from observation
and statistics due to their absenteeism being higher than 10% during the 12-week course
of training.

Before the resistance training, the test of 1 repetition maximum (1RM) was determined.
The subjects took the 1 RM test before the intervention and after 6, 12 and 16 weeks. The
obtained load and number of repetitions were converted into 1 RM based on a 1 RM
calculator [44]. The exact course of the 1RM test is described in the Supplement.

2.3.1. Aerobic Training

The aerobic training sessions (Figure S1, Supplement) were performed in max 5-person
groups, 3 times a week, starting with a 5-min warm-up, not exceeding 50% maximal heart
rate (HR max). After they warmed up, the intensity was elevated to 70% HR max due to
higher treadmill speed or angle (treadmill walk, Technogym New Excite Run Now 500,
Cesena, Italy), resistance on upright bikes (Technogym Artis, Cesena, Italy) and movement
range or resistance on X-trainer (Precor EFX556i Elipsa, Woodinville, WA, USA). The
subjects could use these three devices alternately. HR was monitored by a running watch
Polar M200 GPS with a wrist HR sensor (Kempele, Finland). The aerobic training duration
was 45 min. It was continuous with constant HR. The stretching phase of the engaged
muscle groups lasted 10 min.
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2.3.2. Combined Aerobic-Resistance Training

The aerobic-resistance training (Table S1, Supplement) was performed in max 5-person
groups, 3 times a week. Initially, a 5-min aerobic warm-up in the form of a treadmill walk
was applied (Technogym New Excite Run Now 500, Cesena, Italy), to reach 50% HR max.
In the first phase of resistance training, 3 complex exercises engaging the whole body
(FBW—full body workout) were applied in 4 series with 120 s breaks between them. In the
second week 3 series with 6 exercises each and 90 s breaks were introduced. Starting with
the third week, the training included 3 series with 9 exercises each and 60 s breaks.

The load was initially set at 50% of 1 RM and after 4 weeks it was increased to 70%.
After resistance exercises, there was an aerobic training element: the participants trained on
a treadmill (Technogym New Excite Run Now 500, Cesena, Italy), upright bike (Technogym
Artis, Cesena, Italy) or x-trainer (Precor EFX556i Elipsa, Woodinville, WA, USA) with an
intensity of 50% HR max in the first week and 70% HR max from the second week of
intervention. Duration of the resistance training was respectively 30, 35 and 40 min (1st,
2nd and 3rd week), and then respectively 20, 15 and 10 min for the aerobic one. The
stretching phase was 5 min. The duration of the aerobic-resistance intervention was 60 min.
Progression of load (kg) in selected resistance exercises calculated based on 1 RM [45] for
EG2 was statistically significant in the analysed period (Table S2, Supplement).

2.4. Statistical Analysis

Statistical significance concerning the number of subjects relied on previous studies in
the area found in the literature. Calculation of the sample size applied an error probability
(e0) of 0.05, power (1 — ) of 0.80, and an average effect size (d) of 0.8 and for the tested
sample was 1 = 54.

The Shapiro-Wilk test was used to check the distribution of the results for the analysed
variables. Because of a normal distribution of most variables, the differences between
the examined groups and the control one were assessed with the one-way analysis of
variance for independent groups. A comparison of the intervention influence on changes
in the analysed variables between EG and CG was performed with the ANOVA test for
dependent groups with post-hoc comparison (Tukey test). The size effect (ES) was assessed
for the ANOVA test:

2 55, f fect
SStotal

where squared eta () is the ratio of the sum of squares (SS) for the effect divided by the
total sum of squares (SS). Squared eta applies interpretation guidelines by Cohen 0.1 < 0.3
(low effect), 0.3 < 0.5 (moderate effect) and >0.5 (high effect) [46]. Pearson correlation
coefficient (r) was calculated.

Multiple regression was used to explain the variation in LEP levels. The model was
prepared with the use of the econometric linear multiple regression model assessed by the
least squares method. In the model, the residual standard errors and test p-values were
corrected using robust standard errors corrected for heteroscedasticity.

In all analyses, effects were considered significant if their probability value p was
lower than the assumed significance level o = 0.05 (p < 0.05). The ggplot2 package of the
RStudio IDE in the R programming language was used to perform all calculations.

3. Results

After applying health training intervention both in EG1 (p = 0.04) and EG2 (p < 0.001)
a significant increase of MET [min/week] was confirmed between the initial measurements
and measurements in 6th (p < 0.001) and 12th (p < 0.001) weeks of intervention (Table 1).
In follow-up, an increase of MET was also confirmed in EG1 (p = 0.03) and EG2 (p = 0.04).
No significant changes were found in MET in CG. The intergroup analyses confirmed
differences (p < 0.001) in the 6th week of observation between EG1 and CG (p < 0.001), and
EG2 and CG (p = 0.04) (Table 1).
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Table 1. Metabolic equivalent of task (MET) and energy value of the research participants’ diet in the aerobic group (EG1), aerobic-resistance group (EG2), and
control group (CG).

Week 1 Week 6 Week 12 Week 16 Value
G Baseline Intervention Intervention Follow up P
roup
- - - - Test ANOVA d6-1 d12-1 d 16-1
X+SD X+SD X+SD X+£SD (ES) (ES) (ES) (ES)
0.04 <0.001 <0.001 0.03
EG1 2214.40 + 681.75 3127.22 + 578.50 3134.06 + 639.22 3204.26 -+ 1507.68 0.17) (—5.09) (—1.99) (—0.66)
MET <0.001 <0.001 <0.001 0.04
EG2 2225.22 + 522.06 2899.62 + 412.91 3246.25 + 1726.13 3264.50 + 1740.83
[min/week] (0.12) (—2.18) (—0.63) (—0.57)
0.67 0.70 0.84 0.23
CcG 2423.69 + 705.72 2379.42 + 693.42 2428.00 + 674.38 253333 & 724.75 (©.00) ©79) 055 ©2%)
p-value 0.60 0.00 * 0.13 0.34
0.02 0.68 0.24 0.01
EG1 11,286.50 + 1376.01  12,124.84 + 138659  12,184.03 + 1701.68  12,203.01 + 1858.68 ©55) 0.1%) (—0.35) (—077)
Energy value of EG2 10,732.99 4+ 872.50  11,486.72 + 1194.02  11,671.27 + 1760909  11,867.81 + 1706.025 <0.001 0.02 <0.001 <0.001
diet [k]/day] ’ ’ ’ ’ (0.06) (—0.77) (—1.13) (—1.56)
0.12 0.90 0.38 0.05
CcG 11,158.80 4 1565.82  11,248.34 + 144498  11,462.44 + 137221  11,695.18 + 1442.73 005 (0.0 (—0.26) (~0.65)
p-value 0.79 057 0.92 0.97

* post-hoc: EG1-CG: p < 0.001, EG2-CG: p = 0.04; d 6-1, d 12-1, d 16-1—differences in results after 6 and 12 weeks of training, respectively, and after 4 weeks of follow-up compared to
measurements obtained before training, X—mean, SD—standard deviation, p < 0.05—statistically significant difference, ES—effect size.
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The energy value of the diet [k]] during the intervention after 6 (p = 0.68), and
12 (p = 0.24) weeks did not change in EG1. In follow-up, an increase in calorie intake
was registered (p = 0.01). In EG2 a gradual increase of consumed calories in the diet be-
tween measurements was observed (p < 0.001). In CG, the energy value of the diet during
the observation period did not change significantly (p = 0.12) (Table 1).

After the intervention in EG1, there was a decrease in body mass (p < 0.001) between
measurements, the largest reduction in body mass occurred after 6 weeks of intervention
—2.6 kg (p < 0.001) (Table 2). There were no significant changes in body mass in the EG2
and CG groups.

A decrease in BF [kg] in EG1 (p = 0.01) and in EG2 (p < 0.001) was confirmed (Table 2).
The largest decrease in BF (average —1.47 kg) took place in EG1 after 6 weeks of intervention
(p < 0.001) and in EG2 (average reduction of —2.2 kg) after 12 weeks of intervention
(p = 0.01). No significant changes were observed in the level of adipose tissue in CG.

The decrease in the percentage of visceral fat (ANDR) [%] was confirmed in EG1
(p = 0.04), with the largest changes occurring after 12 weeks of intervention; an average
decrease of —3.4% ANDR (p = 0.03). In EG2, a decrease in ANDR was also observed, but
these changes were not significant. Statistically significant changes in ANDR were not
confirmed in the CG group (Table 2).

The applied intervention with aerobic physical activity increased the value of QUICKI
(p =0.02) in EG1 (Table 3). In EG2, an initial decrease in QUICKY after 6 weeks of inter-
vention (p = 0.04) was confirmed, followed by an increase in QUICKI (p < 0.001) between
measurements. No significant changes in CG were observed.

No changes in nonHDL-C levels were confirmed in any of the groups as a response to
the intervention (Table 3). After 6 weeks of intervention, a decrease in HDL-C concentration
in EG1 was observed, followed by an increase above baseline between weeks 6 and 16 of
the study (p = 0.04) (data not included). In the EG2 group, a gradual increase in the mean
HDL-C value was observed, but it was not statistically significant. Changes in HDL-C
concentration in CG were insignificant (Table 3).

The obtained results indicate changes in LEP concentration between measurements
in all observed groups (Table 4, Figure 2). In EG1, after an initial increase (p = 0.01), a
significant decrease was confirmed at week 12 (p = 0.01) of the intervention. In the follow-
up period, the LEP concentration increased again (p = 0.01). In EG2, a gradual decrease
in LEP concentration was observed during the intervention period—after 12 weeks, LEP
concentration was reduced by an average of —2.53 ng/ml (p = 0.02). In the follow-up
period, a slight increase in LEP concentration was also observed (p = 0.05). In the CG group,
there was a significant increase (p = 0.03) in LEP concentration after 6 weeks of observation.
Differences between the EG2 and CG groups (p = 0.03) were confirmed in the 6th week of
observation and in the follow-up period between EG1 and EG2 (p = 0.03).

Leptin
EG1 [ EG2 [ cG ]

ANOVA test: p <0.001 ANOVA test: p=0.01 ANOVA test: p=0.01

30 p<0.001

26 p=0.01 p=0.03

. i p=0.01 ;
p=0.02
10
s T
2 16 1 6 12 16

6 T
week of examinations

Figure 2. Changes in leptin (LEP) concentration [ng/ml] in aerobic group (EG1), aerobic-resistance
group (EG2) and control group (CG) during weeks of examinations.
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Table 2. Body composition: body mass (BM), body fat (BF) and android body fat (ANDR) in the aerobic group (EG1), aerobic-resistance group (EG2), and control

group (CG).
Week 1 Week 6 Week 12 Week 16 Value
G Baseline Intervention Intervention Follow up P
roup
= - = - Test ANOVA de6-1 di12-1 d16-1
X+SD X+SD X+SD X+SD (ES) (ES) (ES) (ES)
<0.001 <0.001 0.01 0.03
EG1 113.6 £ 16.8 111.0 £ 16.85 111.3 £17.47 111.4 + 18.09 (0.36) (1.07) (0.88) 0.71)
BM 0.29 0.50 0.37 0.32
(ke EG2 107.2 +17.36 107.1 £+ 16.41 105.2 £ 16.68 107.3 £17.19 (0.00) (0.30) (0.24) (0.41)
0.25 0.67 0.13 0.22
CG 109.0 = 17.78 111.5 £ 19.09 113.7 £9.12 115.3 £ 19.33 (0.00) (0.66) (0.26) (0.11)
p-value 0.34 0.60 0.29 0.54
0.04 0.05 0.03 0.02
EG1 48.56 + 5.97 47.32 £+ 6.09 46.87 + 6.67 46.71 £ 5.43 (0.02) (0.61) (0.67) 0.72)
ANDR 0.22 0.27 0.10 0.69
(%] EG2 46.23 £+ 6.35 45.10 £5.92 43.82 + 6.41 44.70 + 6.47 (0.01) (0.37) (0.58) (0.13)
0.75 0.41 0.41 0.61
CG 47.54 + 6.64 48.00 £ 6.36 48.80 + 6.85 48.52 + 8.35 (0.00) (0.29) (0.29) (0.18)
p-value 0.60 0.40 0.16 041
0.01 <0.001 0.01 0.01
EG1 42.48 + 11.05 41.01 £11.12 40.96 + 11.56 40.67 + 11.26 (0.01) (1.05) 0.77) (0.84)
BF <0.001 0.02 0.01 <0.001
kel EG2 39.52 + 10.95 39.10 £ 10.34 37.32+9.73 37.28 +10.31 (0.01) (0.92) (1.07) (1.36)
0.33 0.76 0.10 0.90
CG 39.82 + 10.00 41.24 +11.67 42.77 +11.67 43.92 +11.68 (0.00) (0.11) (~0.62) (=0.05)
p-value 0.72 0.86 0.44 0.37

g 6-1, d 12-1, d 16-1—differences in results after 6 and 12 weeks of training, respectively, and after 4 weeks of follow-up compared to measurements obtained before training sessions,
X—mean, SD—standard deviation, p < 0.05—statistically significant difference, ES—effect size.
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(EG1), aerobic-resistance group (EG2), and control group (CG).

Table 3. Concentrations of quantitative insulin sensitivity check index (QUICKI), nonHDL-C and HDL-C cholesterol in the participants’ blood in the aerobic group

Week 1 Week 6 Week 12 Week 16 Value
G Baseline Intervention Intervention Follow up P
roup
< - < < Test ANOVA de-1 d12-1 d16-1
X+Sb X+Sb X+SDb X+SDb (ES) (ES) (ES) (ES)
0.02 0.04 0.04 0.01
EG1 0.32 +0.03 0.33 £ 0.04 0.32 +0.03 0.34 +0.03 (0.03) (=0.78) (=0.77) (—0.98)
<0.001 0.04 0.24 0.09
QUICKI EG2 0.32 £0.03 0.315 £ 0.04 0.34 £+ 0.03 0.34 £0.03 (0.05) 0.77) (—0.40) (~0.61)
0.13 0.19 0.21 0.50
CG 0.31 +£0.04 0.31 £ 0.02 0.31 +0.03 0.32 + 0.04 (0.08) (0.34) (0.49) (0.30)
p-value 0.60 0.07 0.06 0.12
0.05 0.14 0.10 0.83
EG1 3.88 £1.34 3.53 +£1.34 3.40 +1.28 4.01 £1.55 (0.02) (0.51) (0.58) (=0.07)
0.70 0.19 0.37 0.60
HDL-C EG2 4.05+0.79 3.80 £ 0.64 3.92 +0.87 4.06 £0.76
r‘[‘r’;‘mo 1 (0.01) (0.45) (0.30) (0.17)
0.71 0.62 0.53 0.49
CG 4.56 £+ 0.80 4.54 £0.97 4.58 +1.10 4.50 + 0.97 (0.01) (0.06) (0.14) (0.14)
p-value 0.17 0.03 * 0.03 ** 0.52
0.07 0.03 0.78 0.75
EG1 1.20 +0.29 1.15+0.19 1.22 £0.36 1.27 £ 0.34 (0.04) (0.83) (=0.09) (=0.11)
0.57 0.59 0.63 0.30
[HDLii] EG2 1.09 £ 0.22 1.14 £0.26 1.15£0.26 1.18 £ 0.32 (0.01) (~0.18) (~0.16) (=0.35)
mmo
0.38 0.86 0.70 0.15
CG 1.15£0.19 1.16 £0.19 1.13 £0.23 1.18 +£0.27 (0.03) (0.06) (0.14) (~0.53)
p-value 0.47 0.96 0.98 0.72

* post-hoc: EG1-CG: p = 0.03; ** post-hoc: EG1-CG: p = 0.04, QUICKI—quantitative insulin sensitivity check index, nonHDL-C—non-high-density lipoprotein, HDL-C—high-density
lipoprotein, d 6-1, d 12-1, d 16-1—differences in results after 6 and 12 weeks of training, respectively, and after 4 weeks of follow-up compared to measurements obtained before training
sessions, X—mean, SD—standard deviation, p < 0.05—statistically significant difference, ES—effect size.
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Table 4. Concentrations of leptin (LEP) and omentin (OMEN) in participants” blood plasma in the aerobic group (EG1), aerobic-resistance group (EG2), and control

group (CG).
Week 1 Week 6 Week 12 Week 16 Value
G Baseline Intervention Intervention Follow up P
roup
< - = < Test ANOVA de-1 d12-1 d16-1
X+Sb X+Sb X+SDb X+SDb (ES) (ES) (ES) (ES)
<0.001 0.01 0.92 <0.001
EG1 496 + 4.63 13.41 £ 8.35 4.80 £ 4.58 15.03 £ 9.6 (0.32) (0.70) (0.08) (0.76)
0.01 0.01 0.02 0.05
EG2 9.89 £ 5.93+ 793 +4.48 7.36 £ 4.06 753 £5.14
LEP [ng/ml] (0.06) (0.70) (0.67) (0.56)
0.01 0.03 0.79 0.87
CG 7.54 +5.77 16.18 +11.53 8.35 + 6.07 8.54 + 6.15 0.21) (0.52) (0.02) (0.20)
p-value 0.06 0.03 * 0.16 0.03 **
0.53 0.33 0.32 0.19
EG1 276.03 + 108.72 316.24 + 132.97 334.76 + 153.53 339.05 + 123.09 (0.04) (0.13) (0.29) (0.34)
OMEN EG2 303.93 + 248.13 362.77 + 262.40 345.86 +291.12 282.00 + 248.14 0.24 0.14 0.26 0.54
(0.03) (—0.51) (—0.38) (0.20)
tng/ml CG 340.92 £ 17691 322.88 +£177.32 381.32 + 240.40 269.07 £ 172.61 0.92 083 090 0.61
' ' ' ’ ’ ' ’ ' (0.01) (0.08) (0.14) (0.27)
p-value 0.65 0.79 0.86 0.58

* post-hoc: EG2-CG: p = 0.03; ** post-hoc: EG1-EG2: p = 0.04; d 6-1, d 12-1, d 16-1—differences in results after 6 and 12 weeks of training, respectively, and after 4 weeks of follow-up
compared to measurements obtained before training sessions, X—mean, SD—standard deviation, p < 0.05—statistically significant difference, ES—effect size.
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No changes in OMEN concentration were observed both between groups and between
measurements. Despite the lack of statistically significant changes, it was shown that in the
intervention groups (EG1 and EG2) the level of OMEN increased after 6 and 12 weeks in
relation to the initial values (Table 4).

Significant correlations (Table 5) were confirmed in EG1 between LEP and MET
(r = —0.37), the energy value of diet (r = 0.28), BM (r = 0.28), BF (r = 39), ANDR (r = 0.39),
QUCIKI (r = —0.45) and for cholesterol fraction nonHDL-C (r = 0.50) and HDL-C (r = —0.43).
No significant correlations were found in EG1 for OMEN. In addition, significant corre-
lations were confirmed in EG1 between QUCIKI and MET (r = 0.29), the energy value of
diet (r = —0.35), HDL-C (r = 0.72) and components of body composition: BM (r = —0.67),
BF (r = —0.61), ANDR (r = —0.56). In the EG2 group, very strong correlations were con-
firmed between LEP and components of body composition: BM (0.73), BF (r = 0.88), ANDR
(r =0.87), and the QUICKI carbohydrate metabolism index (r = —0.45). In the EG2 group,
a negative correlation between OMEN and nonHDL-C was confirmed (r = —0.39). As in
the EG1 group, in the EG2 group there were strong correlations between QUICKI and
components of body composition: BM (r = —0.64), BF (r = —0.55), ANDR (r = —0.44). In
CG, LEP level was associated with BF (r = 0.51), ANDR (r = —0.47), and BM (r = 0.42). In
the case of OMEN, correlations were confirmed for BM (r = —0.39) and HDL-C (r = 0.31).
Correlations in CG for QUICKI occurred between BM (r = —0.41), BF (r = —0.33) and
HDL-C (r = 0.28).

Table 5. The value of the Pearson correlation for variables in the aerobic group (EG1), aerobic-
resistance group (EG2), and control group (CG).

Energy
MET! Value of BM! BF! ANDR! QUICKI ! nonHDL-C! HDL-C! LEP! OMEN !
[min/week] Diet 1 (kg [kgl [%] [mmol/1] [mmol/1] [ng/ml] [ng/ml]
[kJ/day]
I[fg /fn(i]l —037+ 028*  028%  039*  039* —045* 050 * —043* 100 0.16
L[Eg /]fﬁ]z ~021 0.09 073*  088*  087* ~053% ~028 ~0.09 100 0.03
[LnEgP/;?] ~025 0.26 042%  051* 047+ ~020 ~0.09 ~0.02 1.00 ~0.01
O[Mngl/\rnﬁ]cl ~0.14 0.14 0.09 0.14 0.13 ~0.07 0.25 ~0.06 0.16 1.00
Ol[\fél/\lnﬁ]cz 0.27 0.32 0.19 0.08 0.18 —027 ~0.39* 0.15 0.03 1.00
Oggfmf]c —0.15 003 —039* —036  —025 0.27 —034 0.31% —001 1.00
Q[ééclKI 0.29 * ~035*  —0.67* —061* —056* 1.00 ~030 072%  —045* 007
QUK 0.20 022 —064* —055%  —044* 1.00 0.4 0.27 —053%  —027
QUIEK! 010 004  —041%  —033  —025 1.00 ~024 028 ~020 027

*—statistically significant value p < 0.05; LEP EG1—concentrations of leptin in EG1 taken from the four timepoints;
LEP EG2—concentrations of leptin in EG2 taken from the four timepoints; LEP CG—concentrations of leptin in CG
taken from the four timepoints; OMEN EG1l—concentrations of omentin in EG1 taken from the four timepoints;
OMEN EG2—concentrations of omentin in EG2 taken from the four timepoints; OMEN CG—concentrations of
omentin CG taken from the four timepoints, MET—metabolic equivalent of task, BM—body mass, BF—body fat,
ANDR—android body fat, QUICKI—quantitative insulin sensitivity check index, nonHDL-C—non-high-density
lipoprotein, HDL-C—high-density lipoprotein, ! —taken from the four timepoints, corresponding to the group
and measurement week in column 1.

The applied multiple regression model showed a significant connection of BF with
the concentration of LEP (p < 0.05). The variability of LEP was explained by the analysed
variables in 10% (value of R?> model = 0.10) (Table 6).
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Table 6. Parameters of multiple regression model of the leptin (LEP) dependent variable.
Dependent Variable Parameter Assessment Standard Error t Value p-Value
Free parameter 5.98 6.42 0.93 0.35
BF [kg] 0.31 0.06 498 <0.001
QUICKI —28.05 14.88 —1.89 0.06

Free parameter—intercept, BE—body fat, QUICKI—quantitative insulin sensitivity check index.

4. Discussion

The aim of the study was to assess the influence of two types of physical training
(aerobic vs. combined aerobic-resistance) realised for 12 weeks in a group of males with
MetS on changes in body composition, concentrations of leptin (LEP) and omentin (OMEN),
and MetS indexes in comparison with the control group. The research results confirmed
significant changes occurring in the level of LEP under the influence of the applied exercise
interventions, but also in the control group fluctuations of the hormone were observed. The
obtained results indicate a significant correlation between LEP and the place of its synthesis,
i.e., adipose tissue, including visceral fat and the change taking place in the fat tissue during
the interventions. The favourable influence of aerobic and combined aerobic-resistance
training was also confirmed on the insulin resistance index QUICKI whose changes were
significantly related to changes occurring in LEP. The required level of significance needed
to confirm changes in the levels of OMEN, HDL-C and nonHDL-C was not achieved.

The present study confirmed the variability in LEP concentration between measure-
ments in all groups, however, the biological behaviour of the hormone differed in each of
the analysed groups. After 6 weeks of intervention, there was an increase in LEP concen-
tration in the aerobic group, but the extension of the intervention time to 12 weeks was
associated with a downward trend in LEP concentration in our study. In a meta-analysis
Yu et al. presented several reports that aerobic exercise has a significant effect on lowering
serum LEP levels [47]. In the study by Klempel et al. [48], it was shown that even a small
weight loss (4-5%) can have a beneficial effect on LEP concentration. In the case of a weight
loss of 2.4%, there was a decrease in serum LEP concentration [49]. In our study, despite
the initial weight loss, the LEP concentration increased in the EG1 group after 6 weeks of
intervention. The increase in LEP levels despite the use of aerobic training could be the
result of other factors beyond our control. The study was conducted during the COVID-19
pandemic and, among others, increased anxiety levels due to the ongoing lockdown [50],
less sleep [51], and increased stress levels [52] are factors connected with the fluctuation of
hormones [53].

However, in the group with the aerobic-resistance intervention, a decrease in LEP
concentration was confirmed both after 6 and 12 weeks of the intervention. LEP values in
the EG2 group were significantly lower after 6 weeks compared to the CG group and after
16 weeks compared to the EG1 group. Due to the observed decreases in the LEP value in
the EG2 group between measurements and differences between the groups, our results
indicate a more beneficial effect of aerobic-resistance training than aerobics alone or no
physical activity on the level of LEP. Such changes may relate to inflammation reduction in
response to resistance-aerobic training [39]. Different results were obtained by the authors
in the population study of people with MetS, in which Nordic Walking (NW) training
at the level of 65-75% HR max or resistance training for a period of 12 weeks was used.
Researchers did not confirm a change in LEP concentration in people practising resistance
training, but they confirmed a decrease in LEP level by 27% in a group using NW [49].
Such direction of changes can result from the lack of changes in fat free mass (FFM) in any
of the groups and a higher reduction of fat tissue in the NW group. Other studies have
shown that LEP concentration decreased by 21% during a 3-month dynamic resistance
training program [53] and by 14% during a 6-month program combining diet with moderate
activity [54]. The scientists found out that LEP ameliorates the level of mRNA peroxisome
proliferator-activated receptor gamma co-activator 1 (PGC-1) in the skeletal muscles and
exercise of higher intensity can influence the adaptive decrease of LEP level [55,56].
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In our research, an increase in the level of LEP concentration in CG was registered,
which may be associated with the development of leptin resistance in individual people
with MetS, not undertaking physical activity.

Our study showed positive correlations between LEP concentration and BF in each
group, which confirms the reports that serum LEP concentration depends mainly on
adipose tissue mass [57]. Despite reports that subcutaneous adipocytes secrete more LEP
than visceral adipocytes [58], our study confirmed positive correlations between LEP and
the level of ANDR in each group. Correlation values between LEP and BF and ANDR
are very similar, which may indicate a similar level of LEP synthesis in subcutaneous and
visceral adipose tissue in the population of people with MetS.

Negative correlations between LEP and QUICKI and statistical variability in both
groups in the case of LEP and QUICKI confirm a highly probable cause-and-effect relation-
ship of the effect of LEP on the level of insulin resistance in people with MetS. A similar
correlation between LEP and QUICKI in MetS was confirmed by other researchers [59].

The obtained results confirm a strict relationship between LEP and the level of total
and visceral adipose tissues which are the place of its synthesis [60]. The process of leptin
resistance, occurring in obesity, plays the key role in complications connected with its
course [61]. The results of our research confirm a high concentration of LEP in the popula-
tion of people with MetS and obesity as well as a correlation between LEP and QUICKI.
The therapeutic potential resulting from applying aerobic training and the combination of
resistance and aerobic training, offers perspectives in treating and preventing MetS and
obesity through influencing the reduction of the adipose tissue level and, consequently, a
decrease of LEP level and insulin resistance.

The results of our work indicate a growing trend of mean concentrations of omentin
(OMEN) in subsequent weeks of the aerobic intervention, however, the changes in OMEN
values did not reach statistical significance. In the study of de Souza Batista et al. the
authors emphasize the influence of exercise intervention in increasing OMEN concentra-
tions [13]. An increase in the concentration of circulating omentin was also observed in
people who underwent a 12-week aerobic training and whose level of fat content in the
body decreased [62].

The main site of OMEN synthesis is visceral fat [25], therefore, in order to understand
the variability of the presented hormone, we used the results estimated by the DEXA
method. Analysing the level of visceral fat in the group subjected to aerobic intervention,
its gradual decrease of 3.8% over 16 weeks was confirmed. In the group with aerobic-
resistance intervention, its decrease in the same period by 3.3% was also confirmed, but it
was not a significant change. Despite reports of a negative correlation between the level of
OMEN and BM]I, waist circumference and the level of visceral fat [13], our study did not
confirm the correlation between the level of OMEN and the level of total and visceral fat in
any of the groups. A possible reason for not achieving a significant increase in the OMEN
concentration in the intervention groups may be insufficient loss of visceral fat. Weight loss
is considered a key factor in an intervention to reduce pro-inflammatory cytokine levels
and increase anti-inflammatory cytokine levels [63,64]. Achieving greater weight loss in
individuals with MetS could result in clinically beneficial changes in OMEN concentrations.
Similar relationships were confirmed by researchers in the case of other adipokines. Among
patients achieving a weight loss of 4-5%, no significant changes in the concentrations of
adiponectin, IL-6 and RBP4 were confirmed, while the concentration of LEP decreased [48].
The effect of lowering the OMEN concentration was achieved, among others, in a study
with dietary intervention, where a low-energy diet (deficit of 500-1000 kcal per day) was
used for 4 months. As a result of the intervention, a reduction in body weight of 13.8% was
obtained. Researchers confirmed a decrease in LEP concentration by 60.6% and a significant
increase in OMEN concentration by 22.1% [65].

Our study did not confirm the correlation between OMEN and LEP concentration
and insulin resistance indices. The positive relationship between HDL-C and the level
of OMEN was confirmed in CG. Despite the fact that OMEN is considered an adipokine
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whose important function is to influence the level of insulin resistance [18,30], no correlation
between omentin and QUICKI was confirmed in any of the analysed groups. The significant
correlations between visceral and total adipose tissue and the index of insulin resistance
can be explained by the fact that the disproportionate accumulation of fat in the abdominal
region is associated with reduced insulin-mediated glucose transport. Increased pancreatic
beta cell apoptosis, necrosis or autophagy may be involved in beta cell dysfunction in
MetS [66].

The results of our study indicate that HDL-C level increased by 5.8% in the aerobic
intervention group and by 8.3% in the aerobic-resistance group over 16 weeks, although
the changes were not significant. In the meta-analysis of studies analysing the impact of
physical activity on lipid parameters, it was confirmed that the use of a combination of
resistance and aerobic training over 12 weeks led to an increase in HDL-C from 3.5% to
23% [67]. The meta-analysis of studies on the subject of the lipid profile in people using
resistance training also showed beneficial changes in nonHDL-C and HDL-C in people with
the intervention [68]. Despite numerous reports on the beneficial effect of physical exercise
on the level of nonHDL-C, no significant beneficial changes in the described parameter were
observed in our studies. An increase in HDL-C concentration and a decrease in nonHDL-C
concentration have been confirmed in other intervention studies using physical activity in
the treatment of MetS [69]. Undertaking resistance training can lead to a 6% decrease in
nonHDL-C levels and an increase in HDL-C levels by 1%. In the case of aerobic training, a
decrease in nonHDL-C by 2.5% and an increase by 4% in HDL-C were confirmed [70]. No
changes in HDL-C and nonHDL-C levels despite the intervention could result from the
proportion of fatty acids supplied in the diet [71].

The study is not free from some limitations. The presented results show changes in
LEP, OMEN concentrations and biochemical parameters under the influence of intervention
in the form of physical activity, however, people participating in the study may have been
exposed to other factors, such as increased stress levels, a limited amount of sleep, etc.
that may affect the level of the presented parameters. Due to the long period of the study,
the initial number of participants was reduced, which could have resulted in the lack of
statistical significance in some measured parameters. During the follow-up procedure, the
VO2 max test was not performed, which would allow monitoring of training adaptation in
the intervention groups. Despite the initial assumptions of maintaining the current diet
and constant control of the diet of the study participants, the amount of energy supplied in
food increased. Describing the diet, no detailed analysis of fatty acids that could affect the
lipid profile of the study participants was made.

To summarise, the use of a combination of resistance and aerobic training in men
with MetS leads to a decrease in LEP concentration. Obtaining results is more beneficial
when using a combination of two forms of exercise compared to using aerobic training
alone. Taking up physical activity did not lead to significant changes in the concentration
of OMEN in men with MetS. The use of aerobic training as well as a combination of aerobic
and resistance training results in beneficial changes in the level of insulin resistance and
body composition. However, a combination of aerobic and resistance training led to greater
benefits in reducing the level of BF, BM, and ANDR. Leptin is an important adipokine
whose significant relations with body composition and the level of insulin resistance in the
population of males with MetS indicate that application of physical training in order to
improve health conditions features a therapeutic potential. The use of a combination of
aerobic and resistance training had a direct impact on the decrease in leptin levels during
the 12-week intervention period. Explaining the role of OMEN in the process of MetS
treatment support through introducing physical exercise requires a higher number of tests.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/jcm12082822 /s1, Figure S1: A comprehensive strategy for aerobic
program intended for a group engaged in aerobic activities (EG1). Table S1: A comprehensive strategy
for a combined aerobic and resistance training program intended for a group engaged in aerobic-
resistance activities (EG2). Table S2: The progressions of loads [kg] in selected resistance exercises
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during the intervention and follow-up in comparison to baseline in the aerobic-resistance group EG2.
References [44,72] are cited in Supplementary Materials.
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The participant selected any
device:
treadmill, upright bikes or
X-trainer

v

Warm-up 5 min, 50 % HR max

The main part of training on the
treadmill: 45 min, 70 % HR max,
intensity adjustment:
higher treadmill speed or angle

P

N\

—\

The main part of training on the
upright bikes: 45 min, 70 % HR
max,
intensity adjustment: higher
resistance

J

HR max — maximal heart rate

v

N

.

The stretching phase of the
engaged muscles groups: 10 min
J

The main part of training on the
X-trainer: 45 min, 70 % HR max,
intensity adjustment: higher
movement range or resistance

Figure S1. A comprehensive strategy for aerobic program intended for a group engaged in aerobic activities

(EG1).

Table S1. A comprehensive strategy for a combined aerobic and resistance training program intended for a
group engaged in aerobic-resistance activities (EG2).

Trainings 1-3

Trainings 4 - 6

Trainings 6 <

Type of training

Volume of
resistance training
[exercises x series x

repetitions]

Intensity of
resistance training
[% 1 RM]

Breaks between
series
[min]

Duration of
resistance training
[min]

Duration of aerobic
training

[min]

Intensity of aerobic

Whole body training

3x4x15

50

30

20

50

parts

6x3x12

70

1.5

35

15

70

Training of antagonistic

Training of antagonistic
parts

9x3x12

70

40

10

70



training

[% HR max]
One arm row with dumbl?ell Standing dumbbell press Dumbbell deadlift
. Supported push-ups (Smith Barbell bench press . .
Specialised . . Cable tricep extension
. machine) Reverse grip lat pulldown .
exercises . . . . Standing dumbbell curl
Supported sit-ups (with bar) Hip thrust lying
Front support (plank) Bent dumbbell row

HR max — maximal heart rate, IRM — one repetition maximum.

Table S2. The progressions of loads [kg] in selected resistance exercises during the intervention and follow-up in
comparison to baseline in the aerobic-resistance group EG2.

. . Barbell Bench Lat Pull Down Dumbbell
Time of Observation
Press [kg] [kg] Squat [kg]
. 63.36 + 11.58 4451
Baseline
12.92 2.56 8.26
After 6 weeks 72.78 + 13.15+ 51.77 +
of intervention 14.77 2.84 9.84
After 12 weeks 76.65 + 14.89 + 56.78 +
of intervention 15.04 2.64 9.77
After 16 weeks, 79.32 1491 + 57.74 =
follow up period 17.29 2.02 10.78
p- value 0.00 0.00 0.00

p-value - ANOVA test.

The course of 1IRM:
The examined participants underwent the 1 RM test before the examination, and after 6, 12, and 16 weeks.

The personal coach carried out the warm-up on the treadmill (Technogym New Excite Run Now 500, Cesena, Italy)
for 5 min at 60% HR. The subjects warmed-up in two series of 10 repetitions using about 50% of their 1 RM estimated
load before the beginning of the test protocol.

After 5 min break, the subjects were instructed to do the selected test exercise till the lack of possibility to continue
the series of exercise maintaining the proper technique (failure).

For the 1RM bench press test, the subjects were instructed to maintain 5-point body contact (i.e., head, back, and
hips with the bench, and both feet with the floor) during the test, the barbell had to touch the chest when lowered.

In the 1RM squat test, subjects were instructed to move from a standing position to a position of 90 degrees of
flexion at the knee joints.

The pull-down test was performed on a training atlas. The repetition was passed when the subject made a full
extension of the arms during the eccentric phase and touching the bar to the chest during the concentric phase.

A qualified personal coach controlled the range of motion to verify the correctness of the test

The last repetition of a series occurred when the participant could not continue to exercise maintaining the proper

technique.

The obtained load and number of repetitions were converted into 1 RM based on the 1 RM calculator [1], applying
the Brzycki formula [2].
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Abstract: Adiponectin (ADIPO) and interleukin-8 (IL-8) are proteins that play a significant, albeit
opposing, role in metabolic syndrome (MetS). The reported data on the effect of physical activity
on the levels of these hormones in the population of people with MetS are conflicting. The aim
of the study was to evaluate the changes in hormone concentrations, insulin-resistance indices
and body composition after two types of training. The study included 62 men with MetS (age
36.6 & 6.9 years, body fat [BF] = 37.53 + 4.5%), randomly assigned to: an experimental group EG1
(n = 21) with aerobic exercise intervention, an experimental group EG2 (n = 21) with combined aerobic
and resistance exercise intervention, both for 12 weeks, and a control group CG (n = 20) without
interventions. Anthropometric measurements and body composition (fat-free mass [FFM], gynoid
body fat [GYNOID]), as well as a biochemical blood analysis (adiponectin [ADIPO], interleukin-8 [IL-
8], homeostatic model assessment—adiponectin (HOMA-AD) and homeostatic model assessment—
triglycerides (HOMA-TG) were performed at baseline, and at 6 and 12 weeks of intervention and
4 weeks after the intervention (follow-up). Intergroup (between groups) and intragroup (within each
group) changes were statistically evaluated. In the experimental groups EG1 and EG2, no significant
changes were observed in the ADIPO concentration, but a decrease of GYNOID and insulin-resistance
indices was confirmed. The aerobic training led to favorable changes in IL-8 concentration. The use
of combined resistance and aerobic training led to improved body composition, decreased waist
circumference and better insulin-resistance indices in men with MetS.

Keywords: adiponectin; interleukin-8; metabolic syndrome; obesity; physical activity; HOMA-AD;
HOMA-TG

1. Introduction

The criteria of metabolic syndrome (MetS) include central obesity, high blood pressure,
lipid disorders and hyperglycemia [1]. MetS leads to many health consequences, including
type 2 diabetes, gout [2], cardiovascular diseases (CVD), acute coronary syndrome, stroke,
malignancies [3] and sleep apnea [4]. The scale of the MetS problem affects 20-25% of the
adult urban population [5]. Obesity, especially central obesity, plays an important role in
the development of MetS [6] and is associated with an increased risk of CVD, T2D and
some cancers [7]. Each of the components of MetS can predispose patients to CVD, and the
risk increases when a number of these components co-occur in one person [8,9].

Biomolecules 2023, 13, 852 . https://doi.org/10.3390/biom13050852

https://www.mdpi.com/journal /biomolecules


https://www.mdpi.com/article/10.3390/biom13050852?type=check_update&version=1

Biomolecules 2023, 13, 852

20f18

The process of MetS and obesity treatment begins with lifestyle modification [10,11].
The key changes are the modification of the diet [12] and increased physical activity
(PA). Insufficient levels of PA and a sedentary lifestyle are among the most important
factors determining the development of MetS [13,14]. Physical exercise itself has a health-
promoting effect, independent of weight loss, by acting on several mechanisms, including
the inhibition of pro-inflammatory processes and the stimulation of anti-inflammatory
pathways, as well as by affecting the synthesis of adipokines that regulate insulin sensitivity.
High-intensity activity seems to give the best results, particularly the combination of aerobic
and resistance exercises, which have achieved a significant anti-inflammatory effect in
patients with type 2 diabetes and MetS [15], influencing the metabolism of the adipose
tissue and skeletal muscles.

Both the adipose tissue and skeletal muscles are endocrine organs that conduct a
specific dialogue, releasing cytokines, adipokines and myokines—hormones that reach
their receptors, playing an important role in the homeostasis of the body [16,17]. They
regulate, among other things, the energy and metabolic processes of the body [18,19]. The
adipose tissue and skeletal muscles are key regulators of carbohydrate tolerance [20,21].

An example of information transferred from the adipose tissue to skeletal muscles
is the production of adiponectin (ADIPO)—synthesized mainly in adipose tissue, whose
Adipol receptors are located in the skeletal muscles. ADIPO also journeys to the Adipo2
receptor located in the liver [22]. It is responsible for fatty acids oxidation in skeletal muscles
and the inhibition of glucose production in the liver, improving the energy homeostasis
of the whole body. ADIPO has an anti-inflammatory function, reducing inflammation in
various types of tissues [23]. Low levels of ADIPO have been observed in the population
of people with MetS and abdominal obesity [24]. ADIPO has anti-atherosclerotic and
insulin-sensitizing properties [25]. With respect to insulin sensitization, ADIPO has been
shown to reduce blood glucose levels by inhibiting hepatic gluconeogenesis and enhancing
insulin signaling in skeletal muscles [26].

As a marker of adipose tissue dysfunction, an index based on the ADIPO/LEP ratio
(ADIPO/LEP ratio) has been introduced [27]. To calculate the ADIPO/LEP ratio, the
concentration of circulating leptin (LEP) is used—a protein produced mainly by the adipose
tissue in amounts proportional to the level of obesity. LEP is involved in the regulation
of food intake, energy homeostasis and other physiological processes [28]. In obesity and
MetS, the concentration of leptin increases, which is also a marker of inflammation [29].
The ADI-PO/LEP ratio is therefore a marker illustrating the pathophysiological function of
both adipokines [27]. In addition, the ADIPO/LEP ratio decreases with an increase in the
number of MetS risk factors [30]. An increase in the ADIPO/LEP ratio was associated in
epidemiological studies with a reduced risk of atherosclerosis, as well as with a reduced
risk of some types of cancer [27].

The cytokine interleukin-8 (IL-8), responsible for the increase of pro-inflammatory
macrophages (M1) in adipose tissue, acts in opposition to ADIPO [31]. IL-8 is a pro-
inflammatory cytokine synthesized, among others, in adipocytes, and its excessive produc-
tion can lead to insulin resistance, type 2 diabetes and atherosclerosis [32-34]. Elevated
levels of IL-8 have been observed among people with MetS [35], although there are reports
indicating the opposite relationship [36]. Researchers have noted that exercise does not
typically increase circulating IL-8 [37], despite evidence suggesting that IL-8 is released
from skeletal muscle during exercise and acts locally [38].

Current knowledge on the impact of physical activity on the level of ADIPO, AD-
IPO/LEP ratio and IL-8 does not give clear conclusions and requires more studies, prefer-
ably clinical, randomized and with a group of more than 20 people [39]. Based on the fact
that physical activity is beneficial for health [40], the aim of the study was to investigate how
two types of 12-week exercise training affected the parameters of body composition, ADIPO
concentrations, ADIPO/LEP ratio and IL-8, as well as indicators of insulin resistance in
men with MetS and how the tested parameters changed after a 4-week observation without
scheduled training. We hypothesized that aerobic-resistance training would be associated
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with more favorable changes in hormone concentrations, i.e., an increase in ADIPO and
a decrease in IL-8, with a decrease of insulin-resistance indices and an improvement in
body composition, i.e., an increase in fat-free mass and a decrease in body fat and waist
circumference, compared to aerobic training.

2. Materials and Methods
2.1. Study Design

The study was designed as a randomized, prospective controlled study. A detailed
description of the research methods was presented in previous papers [41,42]. The aim of
this study was to compare the 12-week effect of two types of physical training on ADIPO
and IL-8 levels and carbohydrate metabolism indices in men with metabolic syndrome
(MetS), compared to men with MetS not undertaking physical activity (control group
CG). The interventions involved applying aerobic training (EG1) and training combining
resistance and aerobic exercise (EG2). Body composition parameters and selected indicators
of the MetS were used to monitor changes. After 12 weeks of intervention, a period of
4 weeks of observation without scheduled training took place, in which the participants of
the groups themselves decided on the number of training sessions or lack thereof.

The process of assigning to groups was carried out randomly; each of the study
participants chose an opaque envelope with the group number. During the statistical
analysis of the results and the performance of the biochemical determinations, the staff
were unaware of the group assignment. Due to the form of the intervention or its absence,
no blind trial was used.

The study involved 62 Caucasian men aged 30 to 45 (mean age 36.6 & 6.9) who met
the main selection criterion, concerning an increased waist circumference (WC) above
94 cm (which is one of the criteria for the diagnosis of MetS) and two of the other
four MetS criteria for men: systolic (SBP) > 130 mmHg or diastolic (DBP) > 85 mmHg;
HDL C < 1.03 mmol/L; triglycerides > 1.7 mmol/L; fasting plasma GL > 5.6 mmol/L or
drug treatment for the disorder presented (International Diabetes Federation, IDF) [43].

Participants were randomly assigned to 3 groups:

1.  Experimental group: EG1 of men (age: 34.21 & 6.06) with MetS (n = 21) performing
aerobic exercise (BMI: 34.57 + 4.58; BF: 38.03 + 4.82);

2. Experimental group: EG2 of men (age: 37.37 & 7.08) with MetS (n = 21) performing
combined aerobic-resistance exercise (BMI: 33.14 + 4.32; BF: 37.33 + 4.30);

3. Control group: CG of men (age: 38.26 £ 7.43) with MetS (n = 20) who did not engage
in any physical activity (BMI: 33.20 & 4.31; BF: 37.22 £ 4.37).

There were no differences between age and basic somatic parameters before the
interventions.

Apart from being male and meeting the MetS diagnosis, the following criteria were
included in the study: age 3045, medical certificate of no contraindications to undertake
aerobic-resistance health training, and written consent for voluntary participation in the
research project.

The exclusion criteria for the research project comprised: medical contraindications to
resistance and aerobic training, too-low attendance at trainings in intervention groups (min-
imum attendance above 90%) and others, thoroughly presented in a previous paper [41].

The volunteers underwent training and received a written description of the objectives,
procedures and the planned course of the research project. Each of the participants could
withdraw from the study at any time without any consequences. During the project, there
were situations leading to a reduction in the number of study participants. The main
exclusion factor was absence during control measurements—9 participants. As a result
of introducing excessive changes in diet (alcohol intake), 2 participants were excluded;
as a result of infectious diseases, 3 participants were excluded; and as a result of too-low
attendance during training, 3 patients were excluded (<90% attendance).

All subjects were trained by the same personal coach and asked not to change their
diet, not to undertake physical activity other than with a trainer, and to maintain their
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regimen of medications and dietary supplements during the observation. All partici-
pants of the study gave written consent to the processing of personal data, voluntary
participation in the study and the use of the obtained results for scientific purposes. The
research project was approved by the Ethics Committee of the District Medical Chamber in
Krakow (90/KBL/OK/2020). The studies were registered in the register of clinical trials
on the ANZCTR (Australian New Zealand Clinical Trials Registry) platform: ACTRN
12622001394730. The flowchart of the study is presented in Figure 1.

Recruitment of volunteers for the research:
Sex: male,
Patient meets 3/5 of the metabolic syndrome requirements,
Age: 30 - 45 years,

Further inclusion/exclusion criteria

v
X
Randomized group assignment
® ( "
/M
®-® 4)
-
v
Aerobic exercise intervention Combined aerobic-resistance Control group (CG) without any
(EGl), n=21 intervention (EG2), n =21 interventions, n =20
Q o
i] Y ) 7-:;%
v

n=16

without any

N ~ ™

Control test after 4 Control procedure: Tests after 6 weeks
weeks  (follow-up): Nutrition and health interviews; of intervention:
Aerobic exercise Filling in the IPAQ questionnaire by the examined; Aerobic exercise in-
intervention (EGI), N Anthropometric measurements and analysis of body tervention (EGI),
n=14 composition; i n=21
Combined aerobic- Hormonal and biochemical tests of blood | Combined aerobic-
resistance resistance interven-

Control group (CG)

intervention (EG2), % v— tion (EG2), n =21
K @ Y= W‘ / Control group (CG)
+

interventions, n =15 Tests after 12 weeks at the end of the intervention:

without any inter-

ventions, n =20

Aerobic exercise intervention (EGl), n =18
Combined aerobic-resistance intervention (EG2), n =21

Control group (CG) without any interventions, n =18

Figure 1. The flowchart of the study.

2.2. Methods

The research project took 16 weeks, during which the evaluation was carried out
4 times: before the intervention, after 6 weeks of training, after 12 weeks of training and
after 16 weeks of the project—the last 4 weeks was the period of observation without
scheduled training. The following parameters were assessed during the control weeks.

2.2.1. Anthropometry

Body mass (BM) [kg], body height (BH) [cm] and waist circumference (WC) [cm] were
used in the study. BM, BH and WC were measured in a standing position, in underwear,
with the head in the Frankfurt plane. BM was measured with a medical scale (Beurer PS
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240, Budapest, Hungary) with an accuracy of 50 g. BH was measured with an accuracy of
1 mm with a stadiometer (Seca 231 stadiometer, Hamburg, Germany). Waist circumference
(WC) was measured last during free exhalation using an anthropometric tape, between the
upper edge of the iliac crest and the lower edge of the costal arch. Based on the obtained
BM and BH, the body mass index (BMI) [kg/ m?] was calculated.

2.2.2. Body Composition

Dual-Energy X-ray Absorptiometry (DEXA) was applied to assess body composition:
fat-free mass (FEM) [%], body fat (BF) [%] and gynoid body fat (GYNOID) [%]. Evaluation
of body composition was carried out with the Lunar Prodigy Primo PR+352163 (Chicago,
IL, USA) device according to the manufacturer’s guidelines.

2.2.3. Hormones

Fasting blood samples were collected after a one day break from workout, in the
morning, from the basilic, cephalic or median cubital vein into test tubes (Vacumed®
system, F.L. Medical, Torreglia, Italy) by experienced nurses. The collected blood was
centrifuged (RCF 1.000x g) immediately after collection for 15 min at 4 °C (MPW-351R,
MPW Med. Instruments, Warsaw, Poland) and serum was collected and stored at —80 °C
until further study (BIO Memory 690L, Froilabo, Paris, France).

The concentrations of adiponectin (ADIPO), leptin (LEP) and interleukin-8 (IL-8)
were measured using commercially available ELISA kits according to the manufacturer’s
protocol. The human Adiponectin ELISA Kit (catalogue number E09) was purchased from
Mediagnost (Reut-Lingen, Germany). The human Leptin Sandwich ELISA Kit (catalogue
number EIA-2395) was purchased from DRG Instruments GmbH (Marburg, Germany). The
IL-8 ELISA kit (catalogue number EIA-4700) was purchased from DRG Instruments GmbH
(Marburg, Germany). An ELx 808 spectrophotometric microplate reader (BioTek, Winooski,
VT, USA) was used to determine the optical density at 450 nm. Marking was performed
in the Laboratory of Genetics and Molecular Biology at the Department of Physiology,
Jagiellonian University Medical College, Cracow, Poland.

Index of adiponectin-to-leptin ratio (ADIPO/LEP ratio) was calculated based on
the formula:

ADIPO/LEP ratio = ADIPO (ng/mL)/LEP (ug/mL)

2.2.4. Biochemical Blood Indices

Fasting plasma glucose (FPG) [mmol/L] was determined via the enzymatic method us-
ing a Cobas ¢701/702 biochemical analyzer (Roche Diagnostics International Ltd., Mannheim,
Germany). Serum insulin concentration (INS) [uIU/mL] was determined via the electro-
chemiluminescence method (ECLIA) using the Cobas e801 apparatus (Roche Diagnostics
International Ltd., Mannheim, Germany). The determinations were performed in accor-
dance with the manufacturer’s instructions using reagents dedicated to the GLUC3 and
Elecsys Insulin analyzers, respectively.

Using the specifications of the Architect ci-4100 clinical chemistry analyzer (Abbott
Laboratories), serum triglyceride (TG) [mg/dl] levels were determined via spectrophotometry.

Evaluation of sensitivity to insulin was performed with the use of the homeostatic
model assessment—adiponectin (HOMA-AD) [44] and homeostatic model assessment—
triglycerides (HOMA-TG) [45], calculated based on the formula:

HOMA-AD = INS (uU/mL) x FPG (mmol/L)/ADIPO (pg/mL);

HOMA-TG = INS (uU/mL) x FPG (mmol/L)/TG (mg/dL)

2.2.5. Evaluation of Total Energy Expenditure and Energy Value of Diet

The International Physical Activity Questionnaire (IPAQ) [46] was employed to eval-
uate the daily energy expenditures. The total energy expenditure (TEE), measured in
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kilocalories per day, was computed as the sum of non-exercise activity thermogenesis
(NEAT) assessed through the IPAQ questionnaire and the energy expenditures associated
with the interventions implemented in the EG1 and EG2 groups.

To evaluate the energy value of the participants’ diets, a clinical dietician conducted a
24 h nutrition interview using the nutrition record method. The data were analyzed using
the DietaPro program (version 4.0, Institute of Food and Nutrition, Warsaw, Poland) to
quantitatively assess the nutrition habits and monitor any changes in the diet during the
intervention. Based on the obtained results, a report of dietary nutrients was generated:
proteins [g], carbohydrates [g] and fats [g].

2.3. Exercise Interventions

The exercise interventions were conducted at a fitness club and supervised by a
personal coach. The training sessions were carried out at the same time of day (evening,
6-9 pm) by the same personal coach, in a room with consistent temperature (22 degrees
Celsius) and humidity. Adherence to the intervention was monitored using a session
attendance checklist, and participants who dropped out from more than 10% of the training
sessions for 12 weeks were excluded from the analysis.

Individualized planning and monitoring of aerobic and resistance training intensity
were based on the guidelines of the American College of Sports Medicine [47]. The One
Repetition Maximum (1 RM) was determined before resistance training (Supplement). The
load and number of repetitions were recorded and converted into 1 RM based on the 1 RM
calculator using Brzycki’s formula [48,49].

The intervention aimed to achieve 3 training sessions per week, which resulted in
3 x 5.5 MET for a week equivalent to resistance training, and 3 x 6 MET for running [50].

2.3.1. Aerobic Training

The aerobic training intervention (Figure S1, Supplement) involved three sessions
per week in groups of up to five participants at a fitness club. The training started with a
five-minute warm-up on a treadmill (Technogym New Excite Run Now 500, Cesena, Italy)
at 50% of maximal heart rate (HR max). HR max was calculated based on the formula:
208 — 0.7 x age (years) [51]. Heart rate during training was monitored using the Polar
M200 GPS Running Watch with Wrist-Based Heart Monitor (Kempele, Finland).

Next, the participants increased the intensity of their workout to 70% HR max by
adjusting their velocity or angle on the treadmill, resistance on the upright bikes (Techno-
gym Artis, Cesena, Italy) or range of motion or resistance on the x-trainer (Precor EFX556i
Elipsa, Woodinville, WA, USA). The aerobic exercises mainly consisted of fast walking or
jogging on the treadmill; however, in the case of reporting pain from the musculoskeletal
system, the participants had an option to change the device. The training was continuous
and maintained a steady HR, with a duration of 45 min. Following the aerobic training,
participants stretched the muscle groups they had engaged for 10 min.

2.3.2. Combined Aerobic—Resistance Training

The aerobic-resistance intervention (Table S1, Supplement) was conducted three times
per week in groups of up to five participants under the supervision of a personal coach.
One session of exercises lasted 60 min. The training started with a 5 min aerobic warm-up
on a treadmill to reach an intensity of 50% HRmax.

The initial resistance training comprised three complex exercises involving the whole
body, such as one-arm dumbbell row, squats and push-ups, with four sets and 120 s breaks
between them. Due to the body’s adaptation to training, in the second week of intervention,
the resistance training procedure was changed to push—pull and the training volume
was changed to 3 sets of 6 exercises with 90 s breaks. After 3 weeks of intervention, the
training was performed in 3 series of 9 exercises with 60 s breaks. The load was gradually
increased from the first week, from 50% 1RM to 70% 1RM in the second and the remaining
10 weeks of intervention [52]. The progression of load of the resistance exercises during



Biomolecules 2023, 13, 852

7 of 18

the intervention and follow-up for EG2 was statistically significant in the analyzed period
(Table S2, Supplement).

After resistance exercises, there was an aerobic training element: the participants
trained with an intensity of 50% HR max in the first week and 70% HR max from the
second week of intervention on a treadmill (Technogym New Excite Run Now 500, Cesena,
Italy), upright bike (Technogym Artis, Cesena, Italy) or x-trainer (Precor EFX556i Elipsa,
Woodinville, WA, USA). To avoid overloading the joints of the lower extremities, the
subjects could use these three devices alternately.

The duration of the resistance training sessions was 30, 35 and 40 min, respectively,
followed by 20, 15 and 10 min of aerobic training, respectively. The training session ended
with the stretching phase (5 min).

2.4. Statistical Analysis

The Shapiro-Wilk test was used to examine the distribution of the variables being
analyzed. To compare the effects of an intervention on changes in the analyzed variables
in the experimental groups and control group, the one-way ANOVA test with repeated
measures and post hoc comparison (Tukey’s test) was employed. Homogeneity of variance
within the groups was tested with Levene’s test.

The size effect (ES) for the ANOVA test was calculated using the 2 coefficient, which
is the ratio of the sum of squares (SS) for the effect to the total sum of squares (SS). The
squared eta coefficient interpretation follows Cohen’s guidelines: 0.1 < 0.3 (low effect),
0.3 < 0.5 (moderate effect) and >0.5 (high effect) [53].

2 _ Sseffect
SStotal

Pearson’s correlation coefficient (r) was used to calculate correlations between LEP,
IL-8 and HOMA-AD and other measured parameters. The interpretation of the Pearson
correlation in the range < 0-1 > was made as follows: 0 < r < 0.3, no or very weak correlation;
0.3 <r < 0.5, moderate correlation; 0.5 < r < 0.7, strong correlation; 0.7 < r < 1, very strong
correlation [54].

To explain the variation in ADIPO concentrations, multiple regression was employed,
utilizing an econometric linear multiple regression model assessed by the least-squares
method. In the model, the residual standard errors and test p-values were corrected using
robust standard errors corrected for heteroscedasticity.

The number of participants required to demonstrate statistical significance was based
on previously published studies in the field. Probability of error () 0.05, power (1 — {3) 0.80
and mean effect size (d) 0.8 were used to calculate the sample size and the tested sample
was n = 54.

In all the analyses, effects were considered significant if their probability value p was
less than the assumed significance level « = 0.05 (p < 0.05). The ggplot2 package in the
RStudio IDE of the R programming language was applied to perform all calculations.

3. Results

After performing health training intervention both in EG1 (p = 0.02) and EG2 (p = 0.01),
a significant increase of total energy expenditure (TEE) [kcal/day] was confirmed between
the initial measurements and measurements in the 6 (p < 0.001) week of intervention
(Table 1). In the 12th week of intervention, the significance level of EG1 was p < 0.001 and
EG2 was p = 0.04. In follow-up, an increase of TEE was also confirmed in EG1 (p < 0.001) and
in EG2 (p = 0.03). No significant changes were found in TEE in CG. A significant difference
in TEE between the intervention groups and the CG in the 6th week of observation was
confirmed (p = 0.03).
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Table 1. Total energy expenditure (TEE) and diet nutrients: proteins, carbohydrates and fats in the
aerobic group (EG1), aerobic-resistance group (EG2) and control group (CG).

Week 1 Week 6 Week 12 Week 16 Val
Baseline Intervention Intervention Follow-Up p-value
Group
- - - - Test ANOVA d61 di12-1  d16-1
X+ SD X+ SD X+ SD X+ SD (ES) (ES) (ES) (ES)
0.02 <0.001 <0.001 <0.001
EG1 597.46 + 195.93 82337 +175.76  835.18 +234.05  838.00 & 350.75 0.15) (328 (-137) (0.69)
0.01 <0.001  0.04 0.03
TEE EG2 553.84 + 85.63 73517 +£119.64 797.89 +383.25  749.17 + 430.71
[kcal /day] (0.12) (=2.01) (=0.67) (—0.50)
0.56 0.87 0.77 0.18
CcG 634.06 + 22138 627.97 +£197.18  652.36 + 186.92  690.23 % 205.14 0.00) (<005  (-0.09) (—0.41)
p-value 0.45 0.03* 0.20 0.53
0.46 0.92 0.63 0.18
EG1 12550 £53.37 12650 £39.20  120.93 £29.63  134.93 +44.13 ©0.02) (~003) (013 (-038)
Proteins <0.001 0.34 0.05 0.01
. EG2 144.06 £34.09 13731 £2545  125.00 £21.06  154.67 + 40.64 0.11) 029 (063 (-091)
0.04 0.18 0.07 0.86
CcG 148.80 £39.74  135.06 £21.90 12614 £19.87  152.85 =+ 35.07 ©.11) 042) (057  (-005)
p-value 0.32 0.57 0.83 0.38
0.04 0.95 0.47 0.01
EG1 20579 + 67.74 29429 + 6892 31029 +£70.32  346.21 + 81.50 0.08) 002)  (-020) (-087)
Carbo EG2 30438+ 7941 31900 £70.14 3380046959  356.83 + 81.90 0.04 0.60 004 —0.01
-hy?lriates - . : : : ’ ’ ’ (0.03) (-0.15)  (=0.70) (—1.01)
) 0.16 0.22 0.59 0.24
CcG 31620 + 65.40  304.81 7344 32021 +50.77  347.69 & 77.61 0.03) 037)  (016) (-036)
p-value 0.74 0.63 0.52 0.94
0.03 0.43 0.05 0.13
EG1 11043 £43.78 10443 +£29.79 12221 £34.85  117.79 + 40.99 ©0.03) 022  (L057) (-043)
0.08 0.04 0.03 0.01
Fats
o EG2 92.38 =+ 22.99 103.44 £1823 10657 £18.30  103.25+22.73 ©0.07) (L067)  (-073) (—094)
0.01 0.03 <0.001  0.04
CG 99.20 =+ 25.82 11356 £21.63 12157 £19.96  113.38 & 26.22 023) (2072)  (-1.09) (-0.69)
p-value 0.30 0.42 0.20 0.50

* post hoc EG1-CG: p = 0.03; d 6-1, d 12-1, d 16-1—differences in results obtained after 6 and 12 weeks of
interventions, respectively, and after 4 weeks of follow-up in relation to measurements taken before interventions,
X—mean, SD—standard deviation, p < 0.05—statistically significant difference, ES—effect size.

When analyzing the balance of nutrients during the study, no changes in the level of
protein supplied in the diet in the EG1 group were confirmed (Table 1). In EG2, changes in
the level of supplied proteins were observed (p < 0.001), but a visible increase in consump-
tion occurred only at the follow-up stage (p = 0.01). CG confirmed the variability in protein
intake between measurements (p = 0.04).

In the EG1 and EG2 intervention groups, carbohydrate consumption increased be-
tween measurements (p = 0.04) (Table 1). In both groups, the highest intake was confirmed
in the follow-up period (p = 0.01).

Significant changes in consumption also occurred in the case of fats supplied in
the diet (Table 1). Changes between measurements in EG1 (p = 0.03) and CG (p = 0.01)
were confirmed. The increase in fat consumption was noticeable in the EG2 group after
6 (p =0.04), 12 (p = 0.03) and 16 (p = 0.01) weeks compared to the measurement before
the intervention. Similar relationships were observed in the CG group; despite the lack
of intervention, fat consumption increased in the 6th (p = 0.03), 12th (p < 0.001) and
16th (p = 0.04) weeks of observation (Table 1).

Analyzing the body composition of the people participating in the study, the most
beneficial changes regarding FFM increase, GYNOID and WC decrease were confirmed
in the EG2 group (Table 2). No changes in FFM were confirmed in the case of the EG1
and CG groups, while in the EG2 group there was a significant increase in FFM between
measurements (p < 0.001); after 16 weeks, the observed increase was 5.8% (p < 0.001).
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Table 2. Body composition: fat-free mass (FFM), gynoid body fat (GYNOID) and waist circumference

(WC) in the aerobic group (EG1), aerobic-resistance group (EG2) and control group (CG).

Week 1 Week 6 Week 12 Week 16 Val
Baseline Intervention Intervention Follow-Up p-value
Group
v v v v Test ANOVA de6-1 d12-1 d1e6-1
X+ SD X+£SD X+SD X+SD (ES) (ES) (ES) (ES)
0.13 0.07 0.05 0.07
EG1 63.09 £ 4.81 63.74 £ 5.04 63.85 £ 5.26 64.56 1 4.95 (0.00) (—058)  (~0.64) (—058)
FEM <0.001 <0.001  <0.001 <0.001
o0 EG2 62.56 £ 5.23 65.14 £5.44 65.63 £ 4.69 66.17 £ 4.30 (0.06) (-160) (-132) (~1.82)
0.19 0.17 0.50 0.14
CG 59.23 £ 16.97 54.90 £ 22.00 62.51 £ 4.96 61.57 £ 4.80 (0.13) (0.45) (0.21) (0.49)
p-value 0.58 0.11 0.28 0.07
0.07 0.03 0.23 0.05
EG1 37.36 &+ 5.57 36.21 +5.85 36.74 + 6.33 36.04 +5.10 0.01) (0.68) (0.35) (0.59)
GYNOID <0.001 0.02 0.24 0.00
o] EG2 35.91 £ 4.88 34.49 £ 4.62 35.08 4 4.36 33.84 £ 4.60 (0.04) (0.95) (0.39) (1.59)
0.16 042 0.15 0.51
CG 35.91 £ 6.22 35.90 £ 6.62 36.18 £ 5.99 36.24 £ 6.84 (0.00) (0.29) (—057) (~0.23)
p-value 0.73 0.68 0.75 0.53
0.53 0.14 0.44 0.25
EG1 114.7 £ 10.93 113.8 £ 12.01 114.0 £ 12.87 113.7 £ 12.56 (0.02) (0.43) (0.21) (0.32)
WC <0.001 0.01 0.01 0.01
femm] EG2 114.8 = 11.64 113.2 +11.55 111.0 +10.33 111.3 +11.08 (0.00) (1.10) (1.15) (1.15)
0.50 0.49 0.07 0.21
CG 115.3 +10.54 117.4 +11.22 119.1 +11.09 119.3 +12.26 (0.05) (—025)  (~057) (~024)
p-value 0.99 0.55 0.18 0.24

EG1—aerobic group, EG2—aerobic-resistance group, CG—control group, d 6-1, d 12-1, d 16-1—differences in
results obtained after 6 and 12 weeks of interventions, respectively, and after 4 weeks of follow-up in relation to
measurements taken before interventions, X—mean, SD—standard deviation, p < 0.05—statistically significant
difference, ES—effect size.

In the case of GYNOID, it decreased after 6 weeks of intervention in the EG1 group
(p = 0.03) (Table 2). A significant change between measurements occurred in the EG2 group
(p < 0.001), in which decreases in GYNOID levels were confirmed after 6 (p = 0.02) and
16 (p < 0.001) weeks. No significant changes were observed in the CG group.

After the WC analysis, changes in EG1 and CG were not confirmed (Table 2). However,
in the EG2 group, changes were found both between measurements (p < 0.001) and in each
of the analyzed measurement moments (p = 0.01). The decrease in WC was 3.8 cm after
12 weeks of intervention (p = 0.01).

By analyzing changes in insulin resistance indices, changes between measurements
(p = 0.02) in HOMA-AD values in the EG2 group were confirmed (Table 3). There was
an increase after 6 weeks (p = 0.03), followed by a decrease in HOMA-AD in subsequent
measurements. No significant changes in HOMA-AD values were observed in the EG1 and
CG groups.

In the case of the HOMA-TG index, changes between measurements in the EG1
(p = 0.04) and EG2 (p = 0.03) intervention groups were confirmed (Table 3). The greatest
changes were observed in the EG2 group, where after 16 weeks the decrease was 39%
(p = 0.04). There were no significant changes in the CG.

Observations of ADIPO fluctuations did not confirm significant changes in the con-
centration of the analyzed hormone both within groups and between groups (Table 4).
However, changes in the ADIPO/LEP ratio in the EG1 group were found between the
measurements (p < 0.001) and after 6 (p = 0.01) and 16 (p < 0.001) weeks.

When analyzing changes in the concentration of IL-8 cytokine, no changes in concen-
trations between measurements in the EG1 and EG2 intervention groups were confirmed.
In the EG1 group, there was a decrease in the concentration of IL-8 in the first 6 weeks
of the intervention (p = 0.04). In contrast, in CG there was a significant increase in IL-8
concentration (p = 0.01) between measurements of 36% over 16 weeks. Additionally, at
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week 16, a significant difference in IL-8 concentration between CG and EG1 was confirmed
(p = 0.03) (Table 4, Figure 2).

Table 3. Concentrations of homeostatic model assessment—adiponectin (HOMA-(AD) and homeo-
static model assessment—triglycerides (HOMA-TG) in the participants’ blood in the aerobic group
(EG1), aerobic-resistance group (EG2) and control group (CG).

Week 1 Week 6 Week 12 Week 16 Val
Baseline Intervention Intervention Follow-Up p-value
Group Test
< < < < de-1 d12-1  d1e-1
ANOVA
X+ SD X+ SD X+ SD X+ SD I;IE%) (ES) (ES) (ES)
0.78 0.87 0.83 0.52
EG1 624.63 £733.61  548.62 4 840.29 676.14 £ 899.51 487.19 £ 740.30 (0.00) (0.05) 0.07)  (0.21)
0.02 0.03 0.43 0.57
HOMA-
C/iD EG2 509.01 £ 425.69  669.88 4 534.83 403.09 £ 353.73 277.22 £ 199.89 (0.30) ©0.71) 030)  (0.22)
0.26 0.83 0.20 0.81
CG 748.10 £789.61 57224 44326 108525 £ 136291  704.11 4 802.73 0.11) 0.07)  (~046) (—0.08)
p-value 0.61 0.85 0.19 0.36
0.04 0.11 0.05 0.07
EG1 2.80 +1.43 2.33+1.73 241 +1.27 2.26 +£1.23 (0.04) (0.55) (115 (0.66)
0.03 0.77 0.06 0.04
HOMA-
0 EG2 2.27 +1.18 2.78 +£2.16 1.53 £ 0.48 1.38 £ 0.49 0.17) (—013)  (070) (073)
0.97 0.78 0.91 0.96
CG 2.99 +2.53 2914212 2.59 +1.47 3.09 +2.77 (0.00) 010)  (~0.04) (—0.02)
p-value 0.52 0.75 0.05 0.10

EG1—aerobic group, EG2—aerobic-resistance group, CG—control group, d 6-1, d 12-1, d 16-1—differences in
results obtained after 6 and 12 weeks of interventions, respectively, and after 4 weeks of follow-up in relation to

measurements taken before interventions, X—mean, SD—standard deviation, p < 0.05—statistically significant
difference, ES—effect size.

IL-8

EG1 [ EG2 [ cG |

601 ANOVA test: p=0.01

p=0.04

401

[pg/mi]

201

1 6 12 16 1 6 12 16 1 6 12 16
week of examinations

Figure 2. Changes in interleukin-8 (IL-8) concentration [pg/mL] in aerobic group (EG1), aerobic—-
resistance group (EG2) and control group (CG) during weeks of examinations.
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Table 4. Concentrations of adiponectin (ADIPO), leptin-to-adiponectin ratio (ADIPO/LEP ratio) and
interleukin-8 (IL-8) in participants’ blood plasma in the aerobic group (EG1), aerobic-resistance group

(EG2) and control group (CG).

Week 1

Week 6

Week 12

Week 16

Baseline Intervention Intervention Follow-Up p-Value
Group Test d6-1 d d
X+ SD X £ SD X £ SD X £ SD ANOVA (ES) 121 16-1
(ES) (ES) (ES)
0.32 0.08 0.32 0.52
EG1 4.61 £2.01 404 +1.84 429 +1.67 439 £2.01 (0.01) 051) (028 (0.18)
ADIPO EG2 457 +£2.82 3.98 +£2.26 3.85 +£2.13 4.00 £1.95 0.32 0.14 0.32 0.53
[ng/mL] (0.02) (047)  (0.30) (0.20)
0.30 0.09 0.51 0.23
CG 436 +1.87 4.83 +2.29 3.77 £2.24 443 +2.19 0.03 (—054) (020) (—0.37)
p-value 0.95 0.47 0.77 0.85
<0.001 0.01 0.95 <0.001
EG1 2.77 £ 4.86 0.71 £0.79 4.08 £7.60 0.68 £+ 0.87 (0.45) 070)  (0.03) (0.73)
ADIPO/ 0.40 087 040 043
LEP EG2 0.73 £0.76 0.70 £ 0.71 0.68 £+ 0.55 0.93 £+ 0.86 (0.01) 0.05)  (026) (—025)
ratio 0.16 0.15 0.20 0.38
CG 3.21 £6.79 0.52 +£ 047 0.77 +£0.83 0.73 +£0.47 (0.13) 043)  (039) (0.27)
p-value 0.31 0.66 0.08 0.71
0.37 0.04 0.13 0.46
EG1 20.87 £+ 15.80 13.64 +9.34 15.79 +£9.43 16.91 £ 15.42 (0.06) 063) (045 (0.21)
IL-8 EG2 23.75+12.74 21.73+13.87 22.83+1293 24.15+ 11.39 0.39 0.45 0.54 0.34
[pg/mL] (0.03) 0.22) (0.19) (—0.29)
0.01 0.08 0.61 0.10
CG 22.63 +11.67 17.92 £9.70 2471 £12.23  30.71 £ 13.22 (0.14) 056)  (—0.15) (—0.52)
p-value 0.85 0.22 0.08 0.02*

* post hoc EG1-CG: p = 0.02; EGl—aerobic group, EG2—aerobic-resistance group, CG—control group, d 6-1,
d 12-1, d 16-1—differences in results obtained after 6 and 12 weeks of interventions, respectively, and after
4 weeks of follow-up in relation to measurements taken before interventions, X—mean, SD—standard deviation,
p < 0.05—statistically significant difference, ES—effect size.

Significant correlations (Table 53, Supplement) were confirmed in EG1 between ADIPO
and dietary carbohydrate (r = —0.27), dietary fat (r = —0.35), GYNOID (r = 0.33) and insulin
resistance indices HOMA-AD (r = —0.63) and HOMA-TG (r = —0.48). No significant
correlations were observed for IL-8. There were significant correlations between HOMA-
AD and the level of carbohydrates (r = 0.37), fats (r = 0.34), WC (r = 0.36) and HOMA-TG
(r = 0.81), and negative significant correlations for HOMA-AD and ADIPO (r = —0.63).
Analyzing the correlations in the EG2 group, significant correlations between ADIPO and
carbohydrates (r = 0.43), GYNOID (r = 0.42), HOMA-AD (r = —0.56) and ADIPO/LEP
ratio (r = 0.68) were confirmed. For IL-8, one significant correlation with HOMA-AD was
observed (r = —0.28). In the case of HOMA-AD, there were significant correlations with
GYNOID (r = —0.27), WC (r = 0.39), HOMA-TG (r = 0.55), ADIPO (r = —0.56), ADIPO/LEP
ratio (r = —0.50) and IL-8 (r = —0.28). In CG, significant correlations were observed between
ADIPO and TEE (r = 0.26), HOMA-AD (r = —0.59) and HOMA-TG (r = —0.29). In the case
of IL-8, the correlation with TEE was confirmed (r = 0.43). HOMA-AD had a significant
linear relationship with HOMA-TG (r = 0.53) and ADIPO (r = —0.59).

The applied multiple regression model demonstrated that both HOMA-AD and
GYNOID were significantly connected with the concentration of ADIPO (p < 0.001).
The variability of ADIPO was explained by the analyzed variables in 36% (value of
R? model = 0.36) (Table 5).
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Table 5. Parameters of multiple regression model of the adiponectin (ADIPO) dependent variable.

Dependent Parameter
Variable Assessment Standard Error t Value p-Value
Free parameter 1.47 0.87 1.69 0.09
HOMA-AD —0.002 0.0002 —8.43 <0.001
GYNOID 0.10 0.02 441 <0.001

Free parameter—intercept, HOMA-AD—homeostatic model assessment—adiponectin, GYNOID—gynoid body fat.

4. Discussion

The aim of the study was to compare the 12-week effect of two types of physical
training on ADIPO and IL-8 concentrations and carbohydrate metabolism indices in men
with MetS compared to men with MetS not undertaking physical activity, and to evaluate
changes in these parameters after 4 weeks of observation without scheduled training.
Training interventions over 12 weeks did not change the concentration of ADIPO, but
significant correlations were observed between ADIPO and HOMA-AD and GYNOID. The
applied multiple regression model showed that both variables explained 36% of ADIPO
variability. Aerobic exercise was associated with a decrease in IL-8 concentration after
6 weeks of intervention in men with MetS. The use of a combined resistance and aerobic
training led to a significant increase in FFM, a decrease in GYNOID and WC and a reduction
in the level of insulin resistance in the group of men with MetS.

In a meta-analysis of studies on people with pre-diabetes or diabetes, in which the
participants were overweight or obese and often had MetS, it was observed that physical
exercise increased the concentration of ADIPO. Furthermore, it was emphasized that the
results in improving the concentration of ADIPO were observed in studies using aerobic
exercise, whereas other forms of physical exercise did not bring such results [55]. Similar
results were presented in earlier meta-analyses [39,56]. Additionally, Balducci et al. [15]
showed that aerobic exercise, but also a combination of resistance and aerobic exercise,
bring beneficial changes in the concentration of ADIPO (increase by 36% and 38%) and in
the level of insulin resistance in patients with MetS, despite the lack of changes in body mass
and the level of adipose tissue. In our study, however, no changes in ADIPO concentration
were observed in any of the analyzed groups. The authors suggest that significant changes
in the concentration of ADIPO are influenced by a higher negative energy balance caused
by aerobic exercise compared to other types of activity [57]. There are also reports in which
the interventions did not have a significant effect on the concentration of ADIPO. In five
clinical trials evaluating the effect of a 10% reduction in body mass on the concentration
and expression of ADIPO in plasma, no significant changes were observed [58-62]. The
authors noticed that in a short time (up to 12 weeks), the concentration of the hormone
increased—hence, favorable changes in the level of ADIPO were observed, after which the
fluctuations usually stabilized. Moreover, one study has shown that a reduction of 5 to 10%
of body mass has little or no effect on the concentration of ADIPO [63].

Our study confirmed changes in the level of GYNOID, achieving a significant reduction
after 6 weeks in both intervention groups. We also observed a correlation between ADIPO
and GYNOID in the intervention groups, which may suggest that while achieving greater
beneficial changes in body composition, the concentration of ADIPO could increase to
obtain significant differences. Moreover, there have been reports that ADIPO is negatively
correlated with the level of android and total adipose tissue and positively correlated with
insulin sensitivity [64].

Our study confirmed significant correlations between ADIPO and two indices of
insulin resistance: HOMA-AD and HOMA-TG. Khan et al. [45] proposed HOMA-TG as a
good indicator for the diagnosis of MetS, indicating that HOMA-TG may provide better
diagnostic performance in the diagnosis of MetS than HOMA-IR, HOMA?2 and QUICKI.
Matsuhisa et al. [44] noted that HOMA-AD showed a greater correlation with the level of
insulin resistance than HOMA-IR. However, the concentration of ADIPO is used to calculate
HOMA-AD, which in turn increases the correlation between the described hormone and
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the index of insulin resistance. Our research also showed that both indicators were strongly
correlated with each other and that the values of both indicators changed significantly after
the aerobic-resistance intervention: after 16 weeks, the decrease in HOMA-AD was 46%,
while HOMA-TG was 39%. Such beneficial changes in carbohydrate metabolism, resulting
from the use of a combination of resistance and aerobic training, may offer perspectives in
the treatment of people with MetS, insulin resistance and type 2 diabetes.

The processes that can occur under the influence of training sessions should be an-
alyzed in detail in order to properly understand the relation between ADIPO, insulin
resistance and physical activity in males with MetS and obesity. Skeletal muscles are the
main area of carbohydrate metabolism in the human body; moreover, they are also the main
area of insulin resistance development [65]. Chronic positive energy balance of the body,
leading to obesity, results not only in disorders at adipokine levels but also in accumulation
of adipose tissue in the liver and skeletal muscles, and subsequently in improper metabolic
response, including mainly insulin resistance. ADIPO, after connecting to its receptor in
muscles (ADIPO R1) through An Adaptor Protein 1 (APPL1), affects the activation of many
signaling pathways, including the insulin receptor substrate (IRS) pathway, AMP-activated
protein kinase (AMPK) and p38 mitogen-activated protein kinase (p38 MAPK), leading
to the regulation of blood glucose. The main insulin-regulating mechanism affected by
ADIPO is the IRS, whose functioning is impaired in obesity [66].

In obesity, transcription factors such as SERBP1c may lead to the development of lipo-
toxicity in skeletal muscles through the deposition of triglycerides, acyl-CoA, phosphatides,
diacylglycerols (DAG) and ceramides [67]. In our research, in the EG2 group, there was a
significant increase in FFM in the first 6 weeks of the intervention, amounting to 4.1%, and
in the same period the level of GYNOID decreased. However, HOMA-AD and HOMA-TG
insulin resistance indicators increased by 31.6% and 22.5%. The main component affecting
the increase in insulin resistance was the increase in insulin concentration in the analyzed
period, which was shown in our former work [41]. The increase in insulin concentration
may have resulted from a limited ability to respond to insulin at its receptor, caused by
lipotoxicity related to the insulin receptor substrate (IRS) or a limitation in the function
of glucose transporter type 4 (GLUT4) [68,69]. Insulin resistance could also be associated
with the occurrence of muscle microdamages, caused mainly by eccentric contractions, the
prolonged phase of which is characteristic of resistance training, affecting the reduction
of GLUT4 levels and partial inability to resynthesis of glycogen [70]. The probability of
occurrence of muscle microdamage was higher in this group due to the initial adaptation
processes as a result of increasing the volume and intensity of training.

Our results showed that the ADIPO/LEP ratio decreased significantly after 6 weeks
of aerobic intervention. The occurring relation resulted from a significant increase of
LEP level, presented in our previous work [42] and the lack of significant changes in the
level of ADIPO during the analyzed period. LEP can react to the changes taking place
in the population of people with MetS faster than ADIPO. Such biological fluctuations of
the described hormones were also confirmed [63]. Frithbeck et al. [27] indicated that the
ADIPO/LEP ratio is characterized by a higher level of correlation with insulin resistance
than either ADIPO or LEP alone; however, such a relationship was not confirmed in
our research.

In our study, a significant 35% decrease in IL-8 concentration was observed after the
first 6 weeks of intervention in the group using aerobic training. Decreased concentration
of IL-8, in relation to the initial concentration, was observed until the end of the research
project in the group with aerobic training, but no such dependencies were found in the
group with aerobic-resistance training. The results presented in the meta-analysis show
that the physical activity of people with MetS leads to a decrease in the concentration of
IL-8 [71]. However, the results are still conflicting, since same studies did not observe
changes in serum concentrations of IL-8. In a large population study of 489 MetS people,
men and women over 55 years of age who engaged in moderate or intense exercise of a
minimum of 150 min per week, no significant changes in IL-8 levels were observed during
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one year of follow-up [72]. In their paper, Guo et al. showed that increased plasma cytokine
levels (TNF-«, IL-6 and IL-8) were associated with reduced strength gain during resistance
training [73].

In our study, in the group without physical activity, a gradual increase in IL-8 concen-
tration between measurements was observed and the cytokine level was 45% higher in the
control group compared to the group with aerobic intervention. According to paper Bruun
et al., [74] high levels of IL-8 are secreted from human adipose tissue, and the accumulation
of IL-8 in this tissue may be partly responsible for the increase in circulating concentra-
tions of IL-8 seen in obese individuals. Elevated levels of IL-8 secreted from myotubes in
diabetes create a muscle microenvironment that stimulates reduced capillarity in diabetes,
ultimately limiting the availability of substrates including glucose, exacerbating impaired
muscle glucose clearance and contributing to the diabetes phenotype [75]. Failure to treat
obesity and metabolic disorders leads to a further increase in inflammation in the body and
numerous health complications [76].

Currently, the physiological function of IL-8 in skeletal muscle is still unknown; thus,
further research is needed to identify the potential of IL-8 as a diagnostic biomarker.

The current study has some limitations. The participants of the project increased their
nutrient intake despite recommendations to maintain their current diet. Determination of
specialized biochemical indicators, e.g., the level of glycated hemoglobin (HbA1lc) could
allow for a better determination of the level of insulin resistance and give the possibility of
a more precise description of the correlation and assessment of modified HOMA indices.

In conclusion, undertaking a 12-week aerobic-resistance training program, despite
the lack of significant changes in the level of ADIPO, led to a decrease in insulin resistance
expressed as HOMA-AD and HOMA-TG. In the aerobic training group, no significant
changes were observed in the ADIPO concentration, but a decrease in insulin resistance
expressed in HOMA-TG was confirmed. The level of ADIPO was significantly related to the
level of GYNOID and HOMA-AD. Under the influence of aerobic-resistance training, there
was a significant increase in FEM and a decrease in GYNOID and WC. Aerobic training led
to a decrease in IL-8 after 6 weeks of intervention. The use of aerobic training, as well as a
combination of aerobic and resistance training, brought health benefits to men with MetS.
In our study, a combination of aerobic and resistance training resulted in more benefits.
More tests are recommended in order to select the correct training method in the treatment
of MetS.
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Figure S1. A comprehensive strategy for the aerobic program intended for a group engaged in aer-
obic activities (EG1).

Table S1. A comprehensive strategy for a combined aerobic and resistance training program in-
tended for a group engaged in aerobic-resistance activities (EG2).

Training Sessions 1 - 3 Training Sessions 4 - 6 Training Sessions 6 <
Type of training Whole-body training Training of antagonistic parts Training of antagonistic parts
Volume of resistance
training [exercises x 3x4x15 6x3x12 9x3x12
series x repetitions]
Intensity of resistance
50 70 70
training [% 1 RM]
Breaks betv.veen series ) 15 1
[min]
Duratl(.)n. of res%stance 30 35 40
training [min]
Durat.lo.n of ae.roblc 20 15 10
training [min]
Intensity of aerobic
50 70 70
training [% HR max]
One-arm row with dumbl?ell Standing dumbbell press Dumbbell deadlift
Supported push-ups (Smith Barbell bench press . .
s . . . Cable tricep extension
Specialised exercises machine) Reverse grip lat pulldown _
. . . . Standing dumbbell curl
Supported sit-ups (with bar) Hip thrust lying
Front support (plank) Bent dumbbell row

HR max—maximal heart rate, IRM—one repetition maximum.
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Table S2. The progressions of loads [kg] in selected resistance exercises during the intervention and
follow-up in comparison to baseline in the aerobic—resistance group EG2.

. . Barbell Bench Lat Pull Down  Dumbbell Squat
Time of observation

press [kgl [kgl kgl
Baseline 63.36 +12.92 11.58 +2.56 4451 + 8.26
After 6 weeks of intervention 72.78 +14.77 13.15+2.84 51.77 +9.84
After 12 weeks of 76.65 + 15.04 14.89 + 2.64 56.78 +9.77
intervention
After 16 weeks, follow-up /g 5, 1799 14.91 +2.02 57.74 +10.78
period
p- value 0.00 0.00 0.00

p-value— ANOVA test.

Table S3. The value of the Pearson correlation for variables in the aerobic group (EG1), aerobic—
resistance group (EG2), and control group (CG).

TEE! Carbo ADIPO/
[kcal/ Proteins' hydra Fats' FFM! GYNOID! WC! HOMA-HOMA- ADIPO! IL-8t
day] [g] tes? [g] [%] [%] [em] ADt! TG!' [ng/ml] ratio! [pg/ml]
[g]
ADIPO
EG1 -0.23 -0.14 -0.27% -0.35* -0.24 0.33* 0.03 -0.63* —0.48* 1.00 0.23 0.03
[ng/ml]
ADIPO
EG2 0.14 —-0.08 -0.43* 0.06 -0.13 0.42* -0.16 -0.56* -0.04 1.00 0.68* 0.12
[ng/ml]
ADIPO
CG 0.26* 0.17 0.05 -0.04 -0.06 0.23 -0.02 -0.59* -0.29* 1.00 0.00 0.11
[ng/ml]
IL-8 EG1 -0.16 0.11 -0.07 -0.01 -0.23 0.20 019 -019 -0.22 0.03 0.02 1.00
[ng/ml]
IL-8 EG2 -0.26 0.18 -0.07 -0.01 0.04 0.24 -0.12 -0.28* -0.09 0.12 -0.06 1.00
[ng/ml]
IL-8 CG 0.43* -0.10 0.01 -0.05 0.23 -0.25 -0.19 -0.02 0.14 0.11 —-0.08 1.00
[ng/ml]
HOMA- % % * % _ * . .
AD EG1 0.26 0.04 0.37 0.34 0.19 0.02 0.36 1.00 0.81 0.63 0.19 0.19
HOMA- . _ _ % % % . * % %
AD EC2 0.05 0.05 0.21 0.14 0.14 0.27 0.39 1.00 0.55 0.56 0.50 0.28
HOMA- . . ~
AD CG 0.04 -0.20 -0.09 -0.02 0.08 -0.11 0.11 1.00 0.53 0.59 0.08 0.02

*—statistically significant p < 0.05; ADIPO EG1— concentrations of adiponectin in EG1 taken from
the four timepoints; ADIPO EG2—concentrations of adiponectin in EG2 taken from the four
timepoints; ADIPO CG— concentrations of adiponectin in CG taken from the four timepoints; IL-8
EG1 — concentrations of interleukin-8 in EG1 taken from the four timepoints; IL-8 EG2—concentra-
tions of interleukin-8 in EG2 taken from the four timepoints; IL-8 CG— concentrations of interleukin-
8 CG taken from the four timepoints, total energy expenditure (TEE), fat-free mass (FFM), gynoid
body fat (GYNOID), waist circumference (WC), homeostatic model assessment—adiponectin
(HOMA-AD), homeostatic model assessment—triglycerides (HOMA-TG), adiponectin (ADIPO),
adiponectin-to-leptin ratio (ADIPO/LEP ratio), interleukin-8 (IL-8), 1—taken from the four
timepoints, corresponding to the group and measurement week in column 1.
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The course of 1RM:

The examined participants underwent the 1 RM test before the examination, and after
6, 12 and 16 weeks.

The personal coach carried out the warm-up on the treadmill (Technogym New Ex-
cite Run Now 500, Cesena, Italy) for 5 min at 60% HR. The subjects warmed up in 2 series
of 10 repetitions using about 50% of their 1 RM estimated load before the beginning of the
test protocol.

After a 5 min break, the subjects were instructed to perform the selected test exercise
until unable to continue the exercise series while maintaining the proper technique (fail-
ure).

For the 1RM bench press test, the subjects were instructed to maintain 5-point body
contact (i.e., head, back and hips with the bench, and both feet with the floor) during the
test; the barbell had to touch the chest when lowered.

In the 1RM squat test, subjects were instructed to move from a standing position to a
position of 90 degrees of flexion at the knee joints.

The pull-down test was performed on a training atlas. The repetition was passed
when the subject made a full extension of the arms during the eccentric phase and touch-
ing the bar to the chest during the concentric phase.

A qualified personal coach controlled the range of motion to verify the correctness of
the test.

The last repetition of a series occurred when the participant could not continue the
exercise while maintaining the proper technique.

The obtained load and number of repetitions were converted into 1 RM based on the
1 RM calculator [49], applying the Brzycki formula [48].

References
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Streszczenie

Temat: Wplyw treningu fizycznego na sklad ciala i stan zdrowia mezczyzn z zespolem

metabolicznym

Wstep: Zespol metaboliczny (MetS) to wspotwystgpowanie czynnikow ryzyka rozwoju chordb
sercowo-naczyniowych 1 cukrzycy, takich jak: otyto$¢ brzuszna, insulinoopornosé,
nadci$nienie tg¢tnicze oraz hiperlipidemia. Glownym czynnikiem predysponujagcym do
wystapienia zespolu metabolicznego jest otyto$¢, szczeg6lnie z centralng dystrybucja tkanki
thuszczowej. W populacji 0s6b otylych, zagrozonych zespolem metabolicznym, zaburzona
produkcja adipokin moze prowadzi¢ do insulinoopornosci oraz zwigkszenia poziomu stanu
zapalnego w organizmie. Proces leczenia otylo$ci oraz zespotu metabolicznego rozpoczyna si¢
od modyfikacji stylu zycia, glownie poprzez wprowadzenie systematycznej aktywnosci
fizycznej. Zarowno trening aerobowy, jak i trening oporowy, poprzez wplyw na tkanke
thuszczowa, migsnie szkieletowe oraz ich produkcje wewnetrzng, sa gtownymi narz¢dziami

stosowanymi w poprawie parametréw metabolicznych u pacjentéw z otytoscia.

Cel: Celem badan byla ocena wpltywu dwoch typdéw dwunastotygodniowego treningu
fizycznego (trening o charakterze acrobowym vs trening o charakterze aerobowo-oporowym)
na sktad ciala, poziom wskaznikow insulinoopornosci, profil lipidowy oraz stezenie wybranych
adipokin u m¢zczyzn z MetS, w odniesieniu do me¢zczyzn z MetS nie poddawanych treningowi
(grupa kontrolna). Nastgpnie badani ze wszystkich trzech grup zostali poddani

czterotygodniowej obserwacji bez zaplanowanej interwencji (follow-up).

Material i metody: W badaniu udziat wzigto 62 mezczyzn (BMI = 34 + 4 kg/m?), w wieku
3045 lat (37 =7 lat) z podwyzszonym obwodem talii (WC >94 cm) i ze stwierdzonymi dwoma
z czterech kryteridow zespotu metabolicznego. Badani zostali losowo przydzieleni do trzech
grup: grupa EGI (n = 21), realizujaca treningi aerobowe, grupa EG2 (n = 21), realizujaca
treningi aerobowo-oporowe, grupa kontrolna CG (n = 20), nie podejmujaca treningow.
Bezposrednie pomiary antropometryczne, skiad ciata (podwdjna absorpcjometria
rentgenowska DEXA), wskazniki gospodarki weglowodanowo-lipidowej (glukoza, insulina,
profil lipidowy, HOMA-AD, HOMA-TG, QUICKI) oraz ste¢zenie adipokin (iryzyna,

interleukina-6, leptyna, omentyna, interleukina-8, adiponektyna, adiponektyna/leptyna)



oszacowano czterokrotnie: przed rozpoczeciem interwencji, po 6 i 12 tygodniach treningow
oraz 4 tygodnie po zakonczeniu sesji treningowych (obserwacja).

Interwencje treningiem fizycznym o charakterze aerobowym (3 x 6 MET) oraz aerobowo-
oporowych (3 x 5,5 MET) obejmowaly trzy sesje tygodniowo i byly zaplanowane indywidualnie.
Catkowite wydatki energetyczne w grupie EG1 wyniosty 823,37 + 175,76 kcal/dzien po 6
tygodniach oraz 835,18 + 234,05 kcal/dzien po 12 tygodniach interwencji. Natomiast w grupie EG2
wyniosty 735,17 = 119,64 kcal/dzien po 6 tygodniach oraz 797,89 + 383,25 kcal/dzien po 12
tygodniach interwencji.

Zmiany migdzygrupowe (migdzy badanymi grupami) i wewnatrzgrupowe (w obrgbie

kazdej grupy) poddano analizie statystyczne;.

Wyniki: W grupie EG1 potwierdzono istotng redukcj¢ masy ciata, tkanki ttuszczowej oraz jej
frakcji trzewnej. W grupie EG2 wykazano zwigkszenie beztluszczowej masy ciala oraz
redukcje tkanki tluszczowej, gynoidalnej tkanki thuszczowej i obwodu talii. W przypadku
wskaznikow insulinooporno$ci w grupie EG1 zaobserwowano spadek HOMA-TG oraz wzrost
QUICKI. W grupie EG2 wykazano istotne obnizenie HOMA-TG, HOMA-AD oraz
zwigkszenie QUICKI. W zadnej z grup nie potwierdzono istotnych zmian w nieHDL-C oraz
HDL. Podczas interwencji zaobserwowano natomiast zmiany w poziomie adipokin. W grupie
EG1 potwierdzono wzrost st¢zenia iryzyny oraz spadek IL-8 (po 6 tygodniach interwencji), a
takze obnizenia st¢zenia IL-6 i leptyny po 12 tygodniach interwencji. W grupie EG2
potwierdzono obnizenie stezenia IL-6 oraz leptyny na kazdym etapie interwencji. W Zadnej z
grup biorgcych udzial w badaniu nie potwierdzono istotnych zmian w st¢zeniu adiponektyny

oraz omentyny.

Whioski: Poljczenie treningdw aerobowych z oporowymi zwigzane bylo z wyraznymi
korzy$ciami w poprawie skladu ciata oraz wrazliwosci na insuling u me¢zczyzn z zespotem
metabolicznym.

Zastosowanie treningdw aerobowych wywotato zmiany w poziomie wybranych
adipocytokin we krwi mezczyzn z zespolem metabolicznym. W grupie stosujacej trening
aerobowy w potaczeniu z oporowym przez 12 tygodni potwierdzono obnizenie stezenia IL-6
oraz leptyny na kazdym etapie interwencji, wyraznie wskazujac na dzialanie przeciwzapalne.

W okresie obserwacji, w ktérym nie prowadzono zorganizowanych treningdéw, w obu
grupach interwencyjnych efekt redukcji tkanki thuszczowej oraz jej trzewnej kumulacji zostat

podtrzymany. W obu grupach potwierdzono takze dalsze korzystne zmiany we wskaznikach



insulinooporno$ci. W grupie aerobowo-oporowej wykazano dalsze obnizenie stezenia IL-6,
wskazujac na redukcje stanu zapalnego. Poddani badaniom me¢zczyzni poprzez podejmowanie
systematycznych treningdw fizycznych w okresie obserwacji, utrzymali korzystne rezultaty

zdrowotne.



Abstract

Title: The effect of physical training on body composition and health in men with

metabolic syndrome

Background: Metabolic syndrome (MetS) is the co-occurrence of risk factors for
cardiovascular disease and diabetes, such as abdominal obesity, insulin resistance,
hypertension, and hyperlipidemia. The main predisposing factor for MetS is obesity, especially
with central fat distribution. In obese individuals at risk for MetS, disrupted adipokine
production can lead to insulin resistance and increased inflammation in the body. The treatment
process for obesity and metabolic syndrome begins with lifestyle modifications, primarily
through the introduction of regular physical activity. Both aerobic and resistance training, by
affecting adipose tissue, skeletal muscles, and their internal production, are the main tools used

to improve metabolic parameters in patients with obesity.

Aim: The aim of this study was to assess the impact of two types of twelve-week physical
training (aerobic training vs. aerobic-resistance training) on body composition, insulin
resistance markers, lipid profile, and selected adipokine concentrations in men with MetS,
compared to men with MetS not undergoing training (control group). Subsequently, participants

from all three groups were observed for four weeks without any planned intervention (follow-

up).

Material and methods: The study involved 62 men (BMI = 34 + 4 kg/m?), aged 30-45 years
(37 £7 years), with increased waist circumference (WC > 94 cm) and two out of four diagnosed
MetS criteria. The participants were randomly assigned to three groups: group EG1 (n = 21)
performing aerobic training, group EG2 (n = 21) performing aerobic-resistance training, and
control group CG (n = 20) not engaging in any training.

Direct anthropometric measurements, body composition (dual-energy X-ray
absorptiometry - DEXA), carbohydrate-lipid metabolism markers (glucose, insulin, lipid
profile, HOMA-AD, HOMA-TG, QUICKI), and adipokine concentrations (irisin, interleukin-
6, leptin, omentin, interleukin-8, adiponectin, adiponectin/leptin) were assessed four times:
before the intervention, after 6 and 12 weeks of training, and 4 weeks after the end of the

training sessions (observation).



The physical training interventions, aerobic (3 x 6 MET) and aerobic-resistance (3 x 5.5
MET), involved three sessions per week and were individually planned. The total energy
expenditures in group EG1 were 823.37 + 175.76 kcal/day after 6 weeks and 835.18 + 234.05
kcal/day after 12 weeks of intervention. In group EG2, they were 735.17 + 119.64 kcal/day
after 6 weeks and 797.89 + 383.25 kcal/day after 12 weeks of intervention.

Inter-group (between the examined groups) and intra-group (within each group) changes

were subjected to statistical analysis.

Results: In group EG1, a significant reduction in body weight, adipose tissue, and visceral
adipose tissue fraction was confirmed. In group EG2, an increase in fat free mass and a
reduction in adipose tissue, gynoid adipose tissue, and waist circumference were observed. As
for insulin resistance markers, group EG1 showed a decrease in HOMA-TG and an increase in
QUICKI. In group EG2, a significant decrease in HOMA-TG, HOMA-AD, and an increase in
QUICKI were observed. No significant changes in non-HDL cholesterol and HDL were
confirmed in any of the groups. However, changes in adipokine levels were observed during
the intervention. In group EGI, an increase in irisin and IL-8 concentrations (after 6 weeks of
intervention) and a decrease in IL-6 and leptin concentrations after 12 weeks of intervention
were confirmed. In group EG2, a decrease in IL-6 and leptin concentrations was observed at
every stage of the intervention. No significant changes in adiponectin and omentin levels were

found in any of the participating groups.

Conclusions: Combining aerobic and resistance training is associated with clear benefits in
improving body composition and insulin sensitivity in men with metabolic syndrome.

The implementation of aerobic training leads to changes in the levels of selected
adipokines in the blood of men with metabolic syndrome. In the group performing aerobic-
resistance training for 12 weeks, a decrease in IL-6 and leptin concentrations at every stage of
the intervention was confirmed, indicating anti-inflammatory effects.

During the observation period without organized training in both intervention groups,
the effects of reducing adipose tissue and its visceral accumulation were maintained. Both
intervention groups also confirmed further favorable changes in insulin resistance markers. In
the aerobic-resistance group, a further decrease in IL-6 concentration was observed, indicating
a reduction in inflammation. Male participants maintained favorable health outcomes by

engaging in regular physical training during the observation period.



