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WYKAZ SKROTOW

BMI
Cl
FBG

FFQ

FM
nHDI
OR
PCA
pHDI
RD
SD
SMM
TMAO
TC

TG
WC
VAT

WHIR

Wskaznik masy ciata (ang. Body Mass Index)

Przedziat ufnosci (ang. Confidence Interval)

Glukoza we krwi na czczo (ang. Fasting Blood Glucose)
Kwestionariusz czgstotliwosci spozycia zywnosci (ang. Food Frequency
Questionnaire)

Masa thuszczowa (ang. Fat Mass)

Indeks niezdrowej diety (ang. non-Healthy-Diet-Index)

lloraz szans (ang. Odds Ratio)

Analiza gtéwnych sktadowych (ang. Principal Component Analysis)
Indeks prozdrowotnej diety (ang. pro-Healthy-Diet-Index, pHDI)
Roznice wzgledne (ang. Relative Difference)

Odchylenie $rednie (ang. Standard Deviation)

Masa mieéni szkieletowych (ang. Skeletal Muscle Mass)

Tlenek trimetyloaminy (ang. Trimethylamine-N-oxide)

Cholesterol catkowity (ang. Total Cholesterol)

Trojglicerydy (ang. Triglicerydes)

Obwod pasa (ang. Waist Circumference)

Trzewna tkanka thuszczowa (ang. Visceral Adipose Tissue)

Wskaznik obwodu pasa do wysokosci ciata (ang. Waist-to-Hight Ratio)



1. Streszczenie

Celem pracy byta analiza zwigzku miedzy wzorami zywienia i stylu zycia a
ryzykiem wystepowania otylosci i zaburzen metabolicznych u mlodych mezczyzn.
Badania przeprowadzono w dwoéch etapach jako badanie typu przekrojowego (I etap) i
kohortowego (Il etap). Badania przekrojowe zrealizowano w latach 2017-2018 u 358
mezczyzn w wieku 19-40 lat, a badania kohortowe po 2 latach u 95 mezczyzn, ktorzy brali
udziat w I etapie badan.

Dane dotyczace diety i stylu zycia zebrano za pomoca kwestionariusza do badania
pogladéw 1 zwyczajow zywieniowych KomPAN®. Wzory zywienia i1 stylu zycia
wytoniono z danych zebranych w I etapie badan za pomocg analizy gtownych sktadowych
(PCA), wiaczajac do modelu 25 zmiennych zywieniowych oraz 6 zmiennych dotyczacych
stylu zycia. Jako$¢ diety okre$lono za pomoca dwodch wskaznikow jakosci diety
(predefiniowanych wzoréw zywienia): wskaznika prozdrowotnej diety (pHDI) i
wskaznika niezdrowej diety (nHDI), oddzielnie z danych zebranych w | oraz Il etapie
badan. W obu etapach badan mierzono i analizowano wskazniki zdrowia metabolicznego.

W ocenie masy i sktadu ciala uzyto nastepujacych wskaznikow i kryteriow:
wskaznik masy ciata (BMI, nadwaga: BMI=25-29,9 kg/m?; otyto$é¢: BMI=30-34,9 kg/m?),
stosunek obwodu talii do wysokosci (WHtR, otyto$¢ centralna: WHtR>0,5), procentowa
zawartos¢ tkanki thuszczowej (%FM, otytos¢ typu ogolnego: %FM>25%), ilo$¢ trzewne;j
tkanki thuszczowej (VAT, nadmierna ilo$¢ trzewnej tkanki thuszczowej: VAT>mediany) 1
wskaznik masy migséni szkieletowych (SMM, duza masa migsniowa: SMM>mediany).

Za wystepowanie zaburzen metabolicznych we krwi uznano podwyzszony poziom:
glukozy na czczo (FBG>100 mg/dl), trdjglicerydow (TG>150 mg/dl), cholesterolu
catkowitego (TC>200 mg/dl) oraz cisnienia skurczowego Ilub rozkurczowego
(odpowiednio >130 lub >85 mmHg). Zmiany po 2 latach okres§lono przez obliczenie réznic
wzglednych (RD, %) w wartosciach s$rednich i rozktadach wskaznikéw zdrowia
metabolicznego.

Wyloniono cztery wzory zywienia i1 stylu zycia, ktére nazwano zgodnie z
charakterystyka zmiennych witaczonych do danego wzoru. Wieloczynnikowa regresja
logistyczna wykazata, ze wieksze dopasowanie (gorny vs. dolny tercyl jako grupa
referencyjna) do wzoru ,,Zywnoéé o duzej zawartosci biatka i smazona oraz aktywno$é
fizyczna w czasie wolnym” wigzalo si¢ z wigksza szansg wystepowania nadwagi i
zwigkszonej masy migsni szkieletowych oraz mniejszg szansg Wystgpowania: otylosci
mierzonej BMI, nadmiernej ilosci trzewnej tkanki tluszczowej i podwyzszonym
poziomem trojglicerydow we krwi. Wigksze dopasowanie do wzoru ,.Zdrowa dieta,
aktywno$¢ fizyczna w pracy i1 palenie w przesztosci” wigzalo si¢ z wigkszg szansa
wystepowania nadwagi I mniejsza szansg Wystgpowania: otylosci, nadmiernej ilosci
trzewnej tkanki tluszczowej i podwyzszonego poziomu glukozy we krwi. Wigksze
dopasowanie do wzoru ,,Kanapki i zywno$¢ wygodna” wigzalo si¢ z wigksza szansa
wystepowania: otylosci centralnej, otylosci ogdlnej, nadmiernej ilosci trzewnej tkanki
thuszczowej, podwyzszonego poziomu trojglicerydow we Krwi, wystgpowania co najmniej
dwoch zaburzen metabolicznych oraz mniejsza szansa zwigkszonej masy migsni
szkieletowych. Wieksze dopasowanie do wzoru ,,Zywnos$é typu fast-food i uzywki”
wigzalo si¢ z wigkszg szansg wystgpowania otytosci centralnej, otylosci ogolnej,
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nadmiernej trzewnej tkanki tluszczowej i mniejsza szansa zwigkszonej masy migsni
szkieletowych.

Po dwoch latach zaobserwowano zmiany w jakosci diety w trzech na cztery wzory
zywienia 1 stylu zycia, a we wszystkich wzorach — zmiany w wystepowaniu
metabolicznych wskaznikéw zdrowia. Nie zaobserwowano istotnych zmian w statusie
rodzinnym, spoteczno-ekonomicznym i demograficznym oraz czynnikach zwigzanych ze
stylem zycia. Wsérdd mezczyzn o poczatkowo wigkszym dopasowaniu do wzordw
,Zywno$éé o duzej zawartosci biatka i smazona oraz aktywno$é fizyczna w czasie wolnym”
oraz ,,Zdrowa dieta, aktywnos$¢ fizyczna w pracy i palenie w przesztosci” zaobserwowano
pogorszenie jako$ci diety, co wyrazalo si¢ obnizeniem wartosci wskaznika pHDI
(odpowiednio RD=-13,6% i RD=-14,6%) oraz stwierdzono wzrost wskaznikoéw otytosci.
Wsroéd mezezyzn o poczatkowo wigkszym dopasowaniu do wzoru ,,Kanapki i zywno$é¢
wygodna” zaobserwowano poprawe jakosci diety, co wyrazato si¢ obnizeniem wartosci
wskaznika NHDI (RD=-25,3%) oraz stwierdzono zmniejszenie poziomu glukozy we krwi
na czczo (RD=-6,1%). We wzorze ,,Zywnosé typu fast-food i uzywki” nie zaobserwowano
istotnych zmian w sposobie zywienia, W tym zmian we wskaznikach pHDI i nHDI,
natomiast wzrosty wskazniki otytosci i skurczowe ci$nienie krwi.

Reasumujac, wzory zywienia i stylu zycia obejmujace prozdrowotne zachowania
zywieniowe w potaczeniu z aktywnym trybem zycia wigzaty si¢ z mniejszym ryzykiem
wystgpienia zaburzen metabolicznych, pomimo obecnosci pewnych niezdrowych
zachowan, takich jak palenie tytoniu w przesztosci czy spozywanie smazonych potraw.
Niezdrowe wzory zywienia i stylu zycia, w ktorych ztej diecie towarzyszyto stosowanie
srodkow pobudzajacych, wigzaly si¢ z gorszym zdrowiem metabolicznym, pomimo
stosunkowo mtodego wieku me¢zczyzn. W perspektywie dwuletniej poprawa sposobu
zywienia wigzala si¢ z poprawa kontroli glikemii, pomimo braku zmian w masie ciala,
natomiast pogorszenie jakosci diety lub utrzymywanie si¢ niezdrowych zachowan
zywieniowych wigzalo si¢ z pogorszeniem wskaznikow metabolicznych. Kluczowym
wnioskiem wyplywajacym z niniejszych badan jest to, ze nawet mate zmiany w codziennej
diecie wdrozone we wzglednie krotkim okresie czasu (2 lat) moga wptywaé na poprawe
zdrowia metabolicznego mtodych mezczyzn.



Summary

The aim of the study was to investigate the relationship between dietary and lifestyle
patterns and the risk of obesity and metabolic disorders in young men. The study was
conducted in two stages as a cross-sectional study (stage 1) and a cohort study (stage I1). Cross-
sectional study was carried out in 2017-2018 in 358 men aged 19-40, followed-up by a cohort
study after 2 years in 95 men who participated in the first stage of the study.

Diet and lifestyle data were collected using the KomPAN® Questionnaire. Dietary and
lifestyle patterns were derived from the data collected in the first stage of the research using
principal component analysis (PCA), including 25 dietary variables and 6 lifestyle variables.
Diet quality was determined using two diet quality indices (predefined nutrition patterns): the
pro-healthy diet index (pHDI) and the unhealthy diet index (nHDI), separately from the data
collected in the 1st and 2nd stage of the research. Indicators of metabolic health were measured
and analysed in both phases of the study.

The following indices and criteria were used in the assessment of body mass and body

composition: body mass index (BMI, overweight: BMI1=25-29.9 kg/m2; obese: BMI1=30-34.9
kg/m2), waist circumference to height ratio (WHtR, central obesity: WHtR>0.5), body fat
mass percentage (%FM, general obesity: %FM>25%), amount of visceral adipose tissue
(VAT, excessive amount of visceral adipose tissye: VAT>median) and skeletal muscle mass
index (SMM, large muscle mass: SMM>median).
Metabolic abnormalities were considered in those with elevated levels of: fasting blood
glucose (FBG>100 mg/dl), triglycerides (TG>150 mg/dl), total cholesterol (TC>200 mg/dl)
and systolic or diastolic blood pressure (> 130 or >85 mmHg). Changes after 2 years were
determined by calculating relative differences (RD, %) in the mean values and distributions of
metabolic health indicators.

Four patterns of dietary-lifestyle patterns were selected, which were named
accordingly to the characteristics of the variables included in the given pattern. Multivariate
logistic regression showed the greater adherence (upper vs. lower tertile as the reference
group) to the "Protein food, fried-food, and recreational physical activity" pattern was
associated with higher odds of being overweight and increased skeletal muscle mass and lower
odds of the occurrence of: obesity measured by BMI, an excessive amount of visceral adipose
tissue and elevated levels of triglycerides in the blood. Greater adherence to the "Healthy diet,
active, past smokers” pattern was associated with higher odds of being overweight and lower
odds of obesity, excess visceral adipose tissue, and elevated blood glucose levels. Greater
adherence to the “Sandwiches and convenient diet” pattern was associated with higher odds
of central obesity, general obesity, excess visceral adipose tissue, elevated blood triglycerides,
at least two metabolic disorders, and lower odds of increased skeletal muscle mass. Greater
adherence to the "Fast foods and stimulants™ pattern was associated with higher odds of central
obesity, overall obesity, excessive visceral adipose tissue, and lower odds of increased skeletal
muscle mass.

After two years, changes in diet quality were observed in three out of four dietary-
lifestyle patterns. Changes in metabolic health were observed across all patterns. There were
no significant changes in family, socio-economic and demographic status, and lifestyle factors.
Among men with higher adherence to "Protein food, fried-food, and recreational physical
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activity" and "Healthy diet, active, past smokers" patterns a deterioration in diet quality was
observed, which was expressed in the decrease in the value of the pHDI index (RD=-13.6%
and RD=-14.6%, respectively), as well as the worsening of adiposity indicators. Among men
with higher adherence to "Sandwiches and convenient diet" pattern, an improvement in the
quality of the diet was observed, which was expressed in a decrease in the value of the nHDI
index (RD=-25.3%) as well as a decrease in fasting blood glucose (RD=-6, 1%). No significant
changes in the diet were observed among men with higher adherence to the "Fast foods and
stimulants”, while obesity and systolic blood pressure increased.

Overall, dietary- lifestyle patterns that included healthy eating behaviours combined
with an active lifestyle were associated with a lower risk of developing metabolic disorders,
despite the presence of some unhealthy behaviors such as a history of smoking and eating fried
foods. Unhealthy dietary-lifestyle patterns, in which a poor diet was accompanied by the use
of stimulants, were associated with poorer metabolic health, despite the relatively young age
of men. In a two-year perspective, the improvement of the diet was associated with improved
glycaemic control, despite the lack of changes in body weight, while the deterioration of diet
quality or the persistence of unhealthy eating behaviours were associated with the worsening
of metabolic health. The key conclusion of this study is that even small changes in the diet
implemented over a relatively short period of time (2 years) can improve the metabolic health
of young men.
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2. Wstep
2.1 Dotychczasowy stan wiedzy

Mtodzi mezczyzni s grupa populacyjng narazong na zwigkszone ryzyko
niesprzyjajacych zdrowiu zachowan zywieniowych i zwiazanych ze stylem zycia.?
Wkroczenie w okres dorostosci wywoluje wiele zmian w ich zyciu, m.in. wyprowadzenie
si¢ z domu rodzinnego, podjecie studidow lub pracy, zalozenie rodziny. Zmiany te moga
niekorzystnie wplywa¢ na sposob zywienia 1 styl zycia, stopniowo zwigkszajac
wystgpowanie zaburzen metabolicznych, w tym dyslipidemii i hiperglikemii oraz choréb
dietozaleznych, takich jak otylo$¢, nadcis$nienie tetnicze, choroby serca, nowotwory i
cukrzyca.® Opisana w tej pracy grupa demograficzna obejmuje dorostych mezczyzn do 40.
roku zycia, poniewaz, przyjmujac za Levinsonem i in.*, ta granica wieku wyznacza przejécie
pomiedzy etapem wezesnej dorostosci do wieku $redniego.

Zwigzek migdzy czynnikami ryzyka i chorobami jest wysoce ztozony — czynnik ryzyka
moze by¢ zarOwno przyczyna, jak i skutkiem choroby. Na przyklad, otylo$¢ jest m.in.
czynnikiem ryzyka nadci$nienia tetniczego, nowotworéw i cukrzycy, a rdwnoczesnie
skutkiem niewtasciwego stylu zycia i zaburzonego bilansu energetycznego.>’ W 2021 r.,
gtownymi przyczynami chorobowymi przedwczesnych zgonow mezczyzn W wieku 19-40
lat w Polsce byly choroby uktadu krazenia, uktadu pokarmowego oraz nowotwory, ktore
tacznie dotyczyty okoto 69% tej populacji.® Gtownymi czynnikami zwickszajacymi ryzyko
przewlektych chor6b niezakaznych sg zaburzenia lipidowe, ktore w 2019 r. miato ponad 9%
Polakow powyzej 15 . z. ° W wielu aspektach sytuacja zdrowotna mezczyzn jest gorsza niz
kobiet — dotyczy to obcigzenia chorobami, dynamiki zmian w ich wystepowaniu i
czgstszego wystepowania zaburzen zdrowia w mtodszym wieku. Przyktadowo, mezczyzni
do 65 r.z. stanowig 78% umierajacych z powodu choroby niedokrwiennej serca i 67%
umierajacych z powodu choroby naczyn mézgowych.’® Wedtug badania NATPOL PLUS
w mtodszych grupach wiekowych (18-39 lat) nadcisnienie tetnicze ma prawie 4 razy wigcej
mezczyzn niz kobiet (odpowiednio 11 vs 3%). Przyrost liczby 0sob z nadwaga i otyltoscia
jest prawie 2 razy wigkszy u me¢zczyzn niz kobiet (odpowiednio 9 vs. 5 jedn.%) i wykazuje
duza dynamike w krotkim czasie (2004-2009).1°

Z badan wynika, ze cztery gldowne modyfikowalne, behawioralne czynniki ryzyka moga
wydatnie zwigksza¢ ryzyko zaburzen metabolicznych — sg to: niewlasciwa dieta, mata
aktywno$¢ fizyczna, palenie tytoniu i naduzywanie alkoholu.!?!® Bez watpienia,
zagrozenie chorobami dietozaleznymi jest wigksze w przypadku jednoczesnego
oddzialywania wielu czynnikéw ryzyka niz pojedynczych sktadowych.}* Jednak nie
wyjasniono, jaki jest sumaryczny efekt oddziatywania tych czynnikow oraz ktore
komponenty tych zachowan tworza skupienia o najwyzszym i najnizszym zagrozeniu dla
zdrowia. We weczesniejszych badaniach oceniano zwigzki migdzy predefiniowanymi
czynnikami ryzyka zwigzanymi z dietg i stylem Zycia a wystgpowaniem chorob sercowo-
naczyniowych, reprezentujac podejécie a priori (oparte na hipotezach).’> W skrécie,
podejsécie to stosuje si¢ do oceny, w jakim stopniu wybrane zachowania pasuja do
powszechnie akceptowanych kryteriow zdrowego stylu zycia, np. czy zalecenia dotyczace
codziennej aktywnosci fizycznej lub spozycia btonnika zostaty speinione. Jednym z
ograniczen podej$cia opartego na hipotezach jest to, ze nie pozwala on0 na wyodrebnienie
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pewnych unikalnych kombinacji zachowan, rzeczywiscie wystepujacych w badanych
populacjach, lecz trudnych do przewidzenia. Rozwigzaniem tego problemu jest podejscie
a posteriori i identyfikowanie skupien (tzw. wzoréw) tychze czynnikow ryzyka za pomoca
wielowymiarowych technik statystycznych. Analiza wzorow ma te¢ zalete, ze
odzwierciedla zachowania rzeczywiscie wystepujace w badanej populacji oraz pozwala na
ujawnienie czg¢sto nieoczekiwanych wzorow zachowan, ktore wczesniej nie byty
zdefiniowane przez badaczy.*®

W dotychczasowych badaniach podejscie a posteriori bylo rzadziej stosowane, a
interpretacja wynikow miata pewne ograniczenia. Wigkszo$¢ badan skupiata si¢ na ogdlne;j
populacji kobiet i m¢zczyzn w celu wytonienia wzordéw, a nastgpnie analizowano roéznice
dotyczace wzordw zywienia zwiazane z picig.>*® Jednak, jak podkreslaja Northstone i
Emmett,’® w populacjach europejskich wysoce zalecana jest prowadzenie odrebnej,
specyficznej dla ptci, analizy wzoréw zywienia. Autorzy ci wylonili cztery wzory zywienia
wsrod mezezyzn: ,,zdrowotny”, ,tradycyjny”, ,przetworzony/stodycze” i ,,semi-
wegetarianski”. W badaniu tym podkreslono wiele interesujacych i waznych roznic we
wzorach zywienia zwigzanych z plcia, np. wzor ,tradycyjny” byt obserwowany tylko u
mezczyzn, co sugerowato ich silng preferencje kuchni tradycyjnej, ktora nie wystgpowata
u kobiet.!® Niestety, skutki zdrowotne dostosowania do tych wzoréw lub powiagzan z
czynnikami stylu zycia nie byly przedmiotem powyzszej pracy.

Tylko w kilku badaniach podjeto probe okreslenia zwigzku migdzy ztozonymi
wzorami zywienia i stylem zycia a zaburzeniami metabolicznymi u mtodych
mezczyzn.>"18 Jednak liczba zmiennych zywieniowych ujetych w tych badaniach byta
bardzo ograniczona i obejmowata tylko kilka pytan, zwykle dotyczacych spozycia warzyw
i owocow (jako wyznacznik zdrowej diety), pomijajac inne wazne grupy zywnosci.
Niemniej, wyniki tych badan dostarczyty cennych informacji na temat skupien (wzorow)
zachowan zywieniowych 1 stylu zycia, sugerujac, ze zarbwno zdrowe, jak 1 niezdrowe
zachowania maja tendencje do grupowania si¢.!31%18 Co istotne, grupowanie zachowan
najmniej korzystnych dla zdrowia bylo czgsciej obserwowane u me¢zczyzn z mtodszych

grup wiekowych i o nizszym statusie socjoekonomicznym.®

2.2. Uzasadnienie podjecia problemu badawczego

Mtodzi mezczyzni sa grupa populacyjna z reguly pomijang w programach
interwencyjnych, ktore sa zwykle kierowane do dzieci i miodziezy, kobiet w wieku
rozrodczym i os6b starszych. Jednak, jest to takze grupa o zwigkszonym ryzyku dla
zdrowia, co przejawia si¢ w czgstszym wystepowaniu niesprzyjajacych zdrowiu zachowan
zywieniowych 1 stylu zycia, np. czestszym spozywaniu zywnos$ci typu fast-food i
stosowaniu uzywek w poréwnaniu do dzieci, kobiet i 0s6b starszych® oraz wiekszym ryzyku
zaburzen metabolicznych powigzanych z wystepowaniem otytosci brzusznej w porownaniu
z kobietami w tym samym wieku.!®* W odréznieniu od dzieci i mtodziezy, kontakt z
mezczyznami jest utrudniony, za$ oni sami zazwyczaj wykazuja male zainteresowanie
udziatem w interwencjach promujacych zdrowy styl zycia.?’ Uksztattowane we wczesnej
dorostosci nieprawidtowe zachowania zywieniowe 1 stylu zycia sa wzglednie trwale w
czasie i zwiekszaja zachorowalnoéé na choroby dietozalezne,?!
wczesnego podjecia dziatan prewencyjnych.

co uzasadnia potrzebe
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Aby zaplanowa¢ skuteczne dzialania prewencyjne i interwencyjne, potrzebne sg silne
dowody naukowe i szczegOtowa charakterystyka docelowej populacji (tzw. evidence-based
interventions).?? Opisane w pracy doktorskiej badania dostarczaja opis populacji mlodych
mezczyzn wraz z estymacja, ktore komponenty specyficznych zachowan zywieniowych
(np. spozycie pewnych grup zywnosci) 1 stylu zycia odpowiadaja za najwigksze ryzyko
zaburzen metabolicznych, a ktore komponenty — za najmniejsze ryzyko 1 wykazuja wptyw
prewencyjny.

2.3. Uzasadnienie nowatorskiego charakteru badan

Zrealizowane badanie wpisuje si¢ w najnowsze trendy badan §wiatowych, w ktorych
stosuje si¢ holistyczne podej$cie w badaniu zalezno$ci migdzy zywieniem, stylem zycia i
zdrowiem z wykorzystaniem zaawansowanych metod statystycznych. Unikatowa zaleta
badania jest potaczenie w jednej analizie zachowan zywieniowych z elementami stylu zycia,
ktore po pierwsze, szczegdtowo zdefiniowano przez ponad 30 pojedynczych komponentow
(w tym 25 grup zywnosci), po drugie, nie byly wczesniej rozwazane w kontekscie zaburzen
metabolicznych w tej specyficznej grupie wiekowej mezczyzn (19-40 lat). Takie podejscie
jest zgodne z rekomendacjami Swiatowej Organizacji Zdrowia, ktéra wskazuje na
konieczno$¢ analizowania zachowan zwigzanych ze zdrowiem w szerokim konteks$cie z
uwagi na ich potencjalne synergistyczne lub antagonistyczne oddzialywanie na organizm
cztowieka.?

Literatura przedmiotu wskazuje na potrzebe uwzglednienia w badaniach tzw. ,,wielkiej
czworki” modyfikowalnych, behawioralnych zachowan zdrowotnych, tj. diety, aktywnoscli
fizycznej, palenia tytoniu 1 spozycia alkoholu, zamiast pojedynczych zachowan,
wlaczanych do badan selektywnie.?®% Wszystkie czynniki ,,wielkiej czworki” zostaly ujete
w niniejszym badaniu. Co wigcej, do zbioru pojedynczych komponentéw zywieniowych i
stylu zycia wiaczono m.in. regularno$¢ spozywania positkow, czas spgdzany na siedzaco
przed komputerem/TV 1 dtugos$¢ snu, ktore sa czynnikami pozwalajacymi na odroznienie
‘zachodniego’ stylu zycia od tradycyjnego.

2.4. Znaczenie wynikéw badan dla rozwoju dziedziny i dyscypliny

Zachowania zywieniowe 1 stylu zycia zaleza od wielu cech indywidualnych 1
spotecznych, dlatego wyniki uzyskane w jednej grupie populacyjnej nie moga by¢
bezposrednio przenoszone na populacje o innej plci, wieku, statusie socjoekonomicznym
lub Zyjaca w innym kregu kulturowym. W literaturze $wiatowej opisano wzory zywienia i
stylu zycia niektorych grup.'®?428 Istniejg jednak skape dane o wzorach zywienia i stylu
zycia mtodych mezczyzn. W zwigzku z powyzszym, przedstawione wyniki dostarczaja
unikatowej wiedzy o specyficznych wzorach zywienia i stylu zycia mtodych me¢zczyzn —
scharakteryzowanych przez precyzyjnie zdefiniowane komponenty, odnoszace si¢ do ponad
30 czynnikow zywieniowych i stylu zycia, co stanowi pierwsze w literaturze tak szerokie
ujecie problemu. Wptyw tych wzoréw na zdrowie ma uniwersalny charakter i moze by¢
szeroko interpretowany dla wielu subpopulacji na $wiecie.
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3. Hipotezy badawcze, cel glowny i cele szczegolowe rozprawy doktorskiej

3.1. Hipotezy badawcze

1. Sposob zywienia i styl zycia mtodych me¢zczyzn sa wzajemnie powigzane, co
pozwala zidentyfikowac specyficzne wzory zywienia i stylu zycia, w tym wzory o
korzystnym i niekorzystnym wplywie na zdrowie.

2. Mezczyzni o niezdrowych wzorach zywienia i stylu zycia majg wigksze ryzyko
wystgpowania otytosci 1 zaburzen metabolicznych w poréwnaniu z m¢zczyznami o
prozdrowotnych wzorach.

3. Srednioterminowe (2-letnie) zmiany w jakosci diety wplywaja na zmiany w
wystepowanil ryzyka otylosci i zaburzen metabolicznych u mtodych mezczyzn.

3.2. Cel badan

W literaturze przedmiotu brakuje dowodow naukowych, ktoére wyczerpujaco
wyjasniaja zlozona zalezno$¢ miedzy sposobem zywienia i1 stylem zycia miodych
me¢zezyzn w konteks$cie choréb dietozaleznych, pomimo wzglednie dobrego poznania
gtownych modyfikowalnych, behawioralnych czynnikéw ryzyka. Celem pracy byla
analiza zwigzku migdzy wzorami zywienia i stylu zycia a ryzykiem wystgpowania otytosci
I zaburzen metabolicznych u mtodych mezczyzn.

3.3. Cele szczegolowe

e Zidentyfikowanie specyficznych wzorow zywienia i stylu zycia w kohorcie mtodych
mezczyzn z regionu Warmii i Mazur.

e Okreslenie wspotzaleznoSci miedzy wzorami zywienia i stylu zycia mtodych mezczyzn
a ryzykiem wystepowania otytosci i zaburzen metabolicznych.

e Analiza wptywu wzoréw zywienia i stylu zycia na §rednioterminowe zmiany (po 2
latach) w wystepowaniu ryzyka otytosci i zaburzen metabolicznych u mtodych
mezezyzn.
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4. Metody badan i dobor préby

4.1.Pozwolenie Komisji Bioetycznej

Na wykonanie badan uzyskano pozwolenie Komisji Bioetycznej Wydzialu Nauk
Medycznych Uniwersytetu Warminsko-Mazurskiego w Olsztynie z dnia 8 grudnia 2016 r.
(uchwata nr 45/2016), jako aneks do zgody z dnia 17 czerwca 2010 r. (Uchwata 20/2010).
Wszyscy badani wyrazili pisemng i $wiadomg zgode na udzial w badaniu, w tym
pobieranie probek krwi i wykorzystanie danych klinicznych do badan.

4.2 .Rekrutacja proby

Badania przeprowadzono w dwoch etapach jako badanie typu przekrojowego (I etap)
I kohortowego (Il etap). Badania przekrojowe zrealizowano w latach 2017-2018 u 358
me¢zezyzn w wieku 19—40 lat, a badania kohortowe po 2 latach u 95 mezczyzn, ktérzy brali
udziat w 1 etapie badan. Zastosowano wygodny dobor proby. W | etapie rekrutacja
uczestnikow odbywata si¢ poprzez promocj¢ badan z wykorzystaniem plakatow, ulotek,
zaproszen w mediach spotecznosciowych i bezposredni kontakt z dziatami kadrowymi
lokalnych pracodawcoéw oraz kontakty osobiste badacza i uczestnikow wiaczonych dla
badan. Rekrutacje przeprowadzono w zaktadach pracy sektora publicznego i prywatnego
zlokalizowanych na terenie miasta Olsztyna 1 jego okolic, obejmujac tereny miejskie,
podmiejskie i wiejskie, w celu zebrania kohorty m¢zczyzn w réznym wieku, poziomie
wyksztatcenia i statusie zatrudnienia, aby osiggna¢ maksymalng zmienno$¢ proby pod
wzgledem demograficznym i spoteczno-ekonomicznym, odzwierciedlajacg strukture
populacji generalnej.

Kryteriami wiaczenia do badan byty: pte¢ meska, wiek 1940 lat, zdolnosci poznawcze
umozliwiajace odpowiedzi na pytania zadawane przez badacza oraz wyrazenie pisemnej
zgody na udzial w badaniu. Kryteriami wykluczenia byty: pte¢ zenska oraz zaburzenia
poznawcze, ktore nie pozwalaly na zrozumienie i udzielenie odpowiedzi na pytania
zadawane przez badacza.

Badania wykonano u 385 mezczyzn, ale po wstepnej analizie z dalszych badan
wykluczono tgcznie 26 mezczyzn z powodu: braku danych (n=7), wieku poza zakresem
(n=11), wystepowania chorob kardiometabolicznych, w tym choréb uktadu krazenia (n=4)
i cukrzycy (n=5). Chociaz choroby kardiometaboliczne nie byly kryterium wytaczenia z
badan, to na potrzeby niniejszej pracy zdecydowano, ze m¢zczyzni ze zdiagnozowanymi
chorobami powinni zosta¢ wykluczeni z dalszej analizy ze wzglgdu na ich mata liczbe (9)
oraz potencjalny btagd wynikajacy z zastosowanego leczenia farmakologicznego.

Wszystkie dane dotyczace Sposobu zywienia, stylu zycia i statusu spoteczno-
ekonomicznego zebrano za pomocg pytan zamknietych z kwestionariusza KomPAN®,
opracowanego dla polskiej populacji w wieku 15-65 lat.® Podczas walidacji
kwestionariusza KomPAN® u osob zdrowych i chorych ustalono, ze jest narzgdziem 0
zgodnosci wewnetrznej akceptowalnej do bardzo dobre;j.®

4.3.Badanie sposobu zywienia

Dane zywieniowe dotyczyly czestotliwosci spozycia 25 grup zywnosci
powszechnie spozywanych w populacji polskiej. Uczestnicy zostali poproszeni o
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wskazanie jak czgsto zwyczajowo spozywali dany rodzaj zywnos$ci w ciggu ostatnich 12
miesi¢cy. Kategorie czestotliwosci spozycia zywnosci przeliczono na krotnosci dzienne w
nastepujacy sposob: nigdy (0 razy/dzien), 1-3 razy w miesigcu (0,06 razy/dzien), raz w
tygodniu (0,14 razy/dzien), kilka razy w tygodniu (0,5 razy/dzien), raz dziennie (1,0
razy/dzien) lub kilka razy dziennie (2,0 razy/dzien), zgodnie z instrukcjg opracowaniach
danych pochodzacych z kwestionariusza.?®

Jakos$¢ diety opisywano za pomoca dwoch wskaznikow jakosci diety: (1) indeksu
prozdrowotnej diety — pHDI oraz (2) indeksu niezdrowej diety — nHDI.?° Wskaznik pHDI
uwzglednial 10 grup zywnosci o potencjalnie korzystnym wptywie na zdrowie, takich jak:
pieczywo razowe; kasze gruboziarniste/ptatki owsiane/makaron petnoziarnisty; mleko;
fermentowane napoje mleczne; sery twarogowe; potrawy z tzw. migsa bialego; ryby;
potrawy z nasion roslin straczkowych; owoce; warzywa. Wskaznik nHDI uwzgledniat 14
grup zywnosci o potencjalnie niekorzystnym wptywie na zdrowie, takich jak: pieczywo
jasne; ryz biaty/makaron zwykty/drobne kasze; zywnos¢ typu fast food; migsne/mgczne
potrawy smazone; masto; smalec; sery dojrzewajace; wedliny/kietbasy; potrawy z tzw.
migsa czerwonego; stodycze; konserwy migsne; stodzone napoje; napoje energetyzujace;
napoje alkoholowe.

Oba wskazniki jakos$ci diety obliczono przez zsumowanie czestotliwosci spozycia
(krotno$¢/dzien) wskazanych 10 grup zywnosci (pHDI) lub 14 grup zywnosci (nHDI).
Wskazniki, w celu ich ujednolicenia i uzyskania zakresow 0-100 pkt., zostaly przeliczone
W nastgpujacy sposob:

pHDI (w punktach) = (100/20) X suma czestotliwo$ci spozycia 10 grup
zywnosci (krotnos¢/dzien)

nHDI (w punktach) = (100/28) X suma czestotliwosci spozycia 14 grup
zywnosci (krotnosé/dzien)

4.4.Badanie stylu Zycia

Zachowania zwigzane ze stylem zycia dotyczyly dziennej liczby spozywanych
positkow, aktywnosci fizycznej w pracy i w czasie wolnym, palenia tytoniu obecnie i w
przesztosci oraz czasu spedzanego przed ekranem. Badani podawali liczbg spozywanych
positkow w ciggu dnia, wybierajac jedna z pigciu odpowiedzi, zaczynajac od jednego
positku dziennie do pigciu 1 wigcej positkow dziennie. Odnosnie aktywnosci fizycznej w
czasie pracy, uczestnicy wybierali jedng z trzech odpowiedzi: (i) mata — ponad 70% czasu
spedzanego w pozycji siedzacej; (ii) umiarkowana — okoto 50% czasu w pozycji siedzacej
i 50% w ruchu; oraz (iii) duza — okoto 70% czasu pracy w ruchu lub praca fizyczna
zwigzana z duzym wysitkiem. Opisujgc aktywno$¢ fizyczng w czasie wolnym, badani
mieli do wyboru jeden z trzech pozioméw aktywnosci: (i) matg — przewaga siedzenia,
ogladanie TV, czytanie prasy, ksigzek, lekkie prace domowe, spacer 1-2 godziny w
tygodniu; (i) umiarkowang — spacery, jazda na rowerze, gimnastyka, praca w ogrodzie lub
inna lekka aktywno$¢ fizyczna wykonywana 2-3 godziny w tygodniu; oraz (iii) duzg —
jazda na rowerze, bieganie, praca na dzialce lub w ogrodzie i inne sportowe zajg¢cia
rekreacyjne wymagajace wysitku fizycznego wykonywane ponad 3 godziny tygodniowo.

Pytania o0 palenie w przesztosci i obecnie miaty dychotomiczny wybor odpowiedzi:
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tak lub nie. Czas spedzany przed ekranem oceniano za pomocg pytania: ,,Ile godzin w
ciggu doby spedza Pan przecietnie ogladajac TV lub przed komputerem (wliczajac w to
pracg zawodowa)?” Badani mogli wybra¢ jedng z sze$ciu odpowiedzi: od mniej niz 2
godziny do 10 godzin i wigcej. Kazda zmienna dotyczaca stylu zycia byla nastepnie
traktowana jako zmienna ciggla poprzez przyporzadkowanie odpowiedziom wartosci
liczbowych, w celu ich pozniejszego wykorzystania w analizie statystycznej.

4.5.Badanie metabolicznych czynnikow ryzyka chorob dietozaleznych

Pomiary antropometryczne zostaly przeprowadzone zgodnie z wytycznymi
International Society for Advancement of Kinanthropometry (ISAK) — International
Standards for Anthropometric Assessment.3! W badaniu wykorzystano specjalistyczny
sprzet do pomiaru: wysokosci ciata (stadiometr przenosny SECA 220), obwodu pasa
(tasma miernicza SECA 201), masy ciata (elektroniczna waga cyfrowa SECA 799). Sktad
ciata zbadano metodg impedancji bioelektrycznej z uzyciem analizatora sktadu ciata SECA
medical Body Composition Analyzer (mBCA) 515. W ocenie masy i sktadu ciata uzyto
nastepujacych wskaznikow i kryteriow: wskaznik masy ciata (BMI, nadwaga: BMI=25-
29,9 kg/m?; otytos¢: BMI=30-34,9 kg/m?), stosunek obwodu talii do wysokosci (WHIR,
otyto$¢ centralna: WHtR>0,5), procentowa zawartos¢ tkanki ttuszczowej (%FM, otylosé
typu ogdlnego: %FM>25%), ilos¢ trzewnej tkanki thuszczowej (VAT, nadmierna ilosé¢
trzewnej tkanki tluszczowej: VAT>mediany) i wskaznik masy migsni szkieletowych
(SMM, duza masa mig$niowa: SMM>mediany).32-3

Poziom stezenia glukozy na czczo, trojglicerydow i catkowitego cholesterolu we
krwi zmierzono metodg reflektometrii pobierajac krew witosniczkowa (z palca). Pomiary
wykonano z uzyciem jednorazowych paskow testowych oraz glukometrow Accutrend Plus
(Roche Diagnostic GmbH, Mannheim, Niemcy). Wszystkie pomiary wykonywano w
godzinach porannych, a osoby badane proszono o powstrzymanie si¢ od jedzenia i picia (z
wyjatkiem wody) od 8 do 10 godzin przed wizyta. Ocena ci$nienia tgtniczego skurczowego
i rozkurczowego polegata na wielokrotnych pomiarach za pomoca monitora
elektronicznego (Omron M3 Intellisense Automatic Blood Monitor, Omron Healthcare,
Mannheim, Niemcy), zgodnie z procedurami National Institute for Health and Care
Excellence (NICE),® co oznacza, ze wszystkie pomiary byly uzyskiwane w jednolity
sposob dla kazdego uczestnika, aby zminimalizowac ryzyko bledu. Za wystgpowanie
zaburzen metabolicznych we krwi uznano podwyzszony poziom: glukozy na czczo
(FBG>100 mg/dl), trojglicerydow (TG>150 mg/dl), cholesterolu catkowitego (TC>200
mg/dl) oraz ci$nienia skurczowego lub rozkurczowego (odpowiednio >130 lub >85
mmHg).36-3

4.6.Czynniki zaktocajgce
Czynniki zaktocajace, majace potencjalny wplyw na wyniki badan,
zidentyfikowano na podstawie przegladu piSmiennictwa zwigzanego z wzorami Zywienia
i wskaznikami zdrowia metabolicznego. Za zmiennie zakldcajace uznano wiek oraz
zmienne socjoekonomiczne, takie jak: miejsce zamieszkania (wies$, miasto <20 tys., miasto
20-100 tys., miasto >100 tys. mieszkancoéw), wyksztalcenie (podstawowe, s$rednie,
wyzsze) oraz sytuacj¢ materialng. Ostatni z wymienionych czynnikéw opisano za pomocg
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pytania: ,,Jak Pan ocenia sytuacj¢ swojego gospodarstwa domowego?”. Do wyboru bylo
pie¢ odpowiedzi: (i) zyjemy bardzo biednie — nie wystarcza nam nawet na podstawowe
potrzeby; (ii) zyjemy skromnie — musimy na co dzien bardzo oszczgdnie gospodarowac,
(iii) zyjemy $rednio — wystarcza nam na co dzien, ale musimy oszczedzac¢ na powazniejsze
zakupy; (iv) zyjemy dobrze — wystarcza nam na wiele bez specjalnego oszczedzania; (V)
zyjemy bardzo dobrze — mozemy pozwoli¢ sobie na pewien luksus.

4.7.Analiza statystyczna

Wymagang liczebno$¢ proby oSzacowano na podstawie wystgpowania zaburzen
metabolicznych, wykorzystujac dane wtasne zebrane w 2017 roku (n=253) i przyjmujac
dwustronny poziom istotnosci alfa=0,05 i moc testu 80% do wykrycia 50% rdoznicy w
wystepowaniu zaburzen metabolicznych migdzy dwiema grupami.

Dane przedstawiono jako odsetek proby dla zmiennych jako$ciowych oraz wartosci
$rednie wraz z odchyleniami standardowymi (SD) dla zmiennych ilosciowych o rozktadzie
normalnym lub mediany z rozstgpem kwartylnym dla zmiennych ilo§ciowych o rozktadzie
niezgodnym w rozktadem normalnym. Przed analizg statystyczna zgodno$¢ rozktadu
zmiennych ilosciowych w rozktadem normalnym zweryfikowano testem Kolmogorowa-
Smirnowa 1 testem Shapiro-Wilka. Roéznice migdzy grupami dla zmiennych
skategoryzowanych weryfikowano za pomocg testu chi-kwadrat Pearsona. Roznice
migdzy zmiennymi iloSciowymi badano testem t-studenta dla zmiennych o rozktadzie
normalnym lub testem Kruskala-Wallisa dla zmiennych o rozktadzie niezgodnym w
rozktadem normalnym. Aby w badaniach kohortowych oceni¢ réznice zachodzace w
czasie (po 2 latach) dla analizowanych zmiennych obliczono wzgledne réznice:

Réznica wzgledna (RD, %) = (warto$¢ konicowa — warto$¢ poczatkowa) /

warto$¢ poczatkowa x 100

Wozory zywienia 1 stylu zycia uzyskano za pomocg analizy gldéwnych sktadowych
(PCA), z rotacja znormalizowang varimax.>®* W PCA uwzgledniono tacznie 31 zmiennych:
25 zwigzanych ze sposobem zywienia i 6 zmiennych zwigzanych ze stylem zycia. Podczas
identyfikacji liczby wzoréw brano pod uwage nastepujace kryteria: (i) wartosci wlasne
korelacji zmiennych >1,0; (ii) wykres wartosci wlasnych, oraz (iii) catkowita wyjasniona
wariancja [29]. Rotowane fadunki czynnikowe o wartosci bezwzglednej > |0,30| zostaty
uznane za specyficzne dla danego wzoru i uzyte do nazwania wzorow. Im wyzsze wartosci
tadunkow czynnikowych, tym silniejszy zwigzek migdzy wzorami a zmiennymi
dotyczacymi sposobu zywienia lub stylu zycia.®® Dla kazdego uczestnika i kazdego wzoru
wyniki obliczono jako iloczyn tadunku czynnikéw i czestotliwosci spozycia zywnosci (dla
zmiennych zywieniowych) lub przypisanych kategorii liczbowych (dla zmiennych stylu
zycia). Nastepnie dla kazdego wzoru obliczono przedzialy tercylowe i1 mezczyzn
podzielono na 3 grupy, ktore okreslaty stopien dopasowania ich zywienia/stylu zycia do
danego wzoru: w gornym tercylu znalazty si¢ 0S0by 0 wigkszym dopasowaniu do wzoru,
w $rodkowym tercylu — 0 umiarkowanym dopasowaniu, w dolnym tercylu — 0 mniejszym
dopasowaniu.

Do badania zwigzku pomiedzy wzorami a zaburzeniami metabolicznymi
zastosowano regresje logistyczng. Obliczono iloraz szans (OR) i 95% przedziat ufnosci
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(95% CI). Stworzono dwa modele: surowy (bez adjustacji) i adjustowany na potencjalne
czynniki zaktocajace, ktore wlaczono do analizy statystycznej jako zmienne ilo§ciowe lub
skategoryzowane: wiek (w latach), miejsce zamieszkania (4 kategorie), wyksztatcenie (3
kategorie) i sytuacje materialng (5 kategorii). Istotno$¢ statystyczng wspotczynnika
regresji sprawdzono testem Walda.

Analize statystyczng przeprowadzono z wykorzystaniem pakietu STATISTICA
(wersja 10.0 PL; StatSoft Inc., Tulsa, USA; Krakow, StatSoft Polska). Podczas testowania
hipotez poziom istotnosci p<0,05 uznano za istotny statystycznie.
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5. Wyniki badan przedstawione w monotematycznym cyklu publikacji

5.1.Charakterystyka badanej proby

W probie ogolnej (n=358), 42% badanych deklarowato spozywanie co najmniej
czterech positkéw dziennie. Wysoka aktywnos$¢ fizyczng zwigzang z wykonywang pracg
zawodowg zadeklarowato 18% mezczyzn, a zwigzang z rekreacjg 41% mezczyzn. Ponad
Ya mezczyzn spedzata przed ekranem powyzej 8 godzin/dobe. Nadwage stwierdzono u
45% mezczyzn, otytos¢ centralng u 40%, natomiast nadmierng ilo$¢ tkanki thuszczowej u
32%. Wsrod zaburzen metabolicznych najczgstszym zaburzeniem byt podwyzszony
poziom: TC (34%), TG (30%) i FBG (11%). Podwyzszone skurczowe lub rozkurczowe
ci$nienie krwi stwierdzono u prawie 40% proby.

Poczatkowy $redni wiek wszystkich uczestnikow badania w etapie | (n=358)
wyniodst 30,1 lat. Wicksz0o$¢ mezezyzn mieszkata w miescie (64%), miata dobry lub bardzo
dobry status ekonomiczny (73%), wyzsze wyksztalcenie (58%) i pracowata fizycznie
(58%). Pod wzgledem statusu rodzinnego 65% zadeklarowato, ze jest w statym zwigzku,
a 37% mezczyzn posiadato dzieci.

Podgrupe mezczyzn, ktorzy wrocili do badania po dwodch latach (n = 95)
porownano z proba catkowita (n=358). Analizujac dane z I etapu, roznice miedzy proba
0go6lng a podgrupa (n=95) na etapie baseline byly zwigzane z wiekiem (odpowiednio 30,1
vs. 31,8 przed i po), miejscem zamieszkania (36% vs. 25% ze wsi i miast) wyksztatlceniem
(42% vs. 28% z wyksztatceniem $rednim lub podstawowym) i czasem spgdzanym przed
ekranem (44% vs. 58% z co najmniej 6 godzinami dziennie). PoréwnujaCc rdznice
wewnatrz podgrupy (n=95) z etapu | oraz Il nie stwierdzono istotnych r6znic Spoteczno-
demograficznych poza spodziewana roznicg wieku (2 lata).

Analizujac wskazniki otylosci i zaburzen metabolicznych, nie zaobserwowano
istotnych réznic miedzy grupa ogolna (n=358) oraz podgrupa (n=95) na etapie baseline.
Jedyng roznicg zaobserwowano W odsetku mezczyzn z podwyzszonym poziomem
cholesterolu catkowitego (45% w podgrupie vs. 34% w probie ogoélnej), ale roznica ta nie
byta statystycznie istotna w porownaniu wartosci srednich miedzy grupami (p=0,081).

W celu zminimalizowania btgdu utraty uczestnikow (tzw. attrition bias)
poréwnano charakterystyke grupy mezczyzn, ktorzy wrocili do badania z grupa, ktoéra
zrezygnowata z ponownego udziatu. Nie wykryto réznic miedzy grupami pod wzglgdem
zachowan zwigzanych ze stylem zycia (z wyjatkiem czasu ekranowego) ani wskaznikow
otytosci. Jedyne roznice dotyczyty profilu lipidowego (mezczyzni, ktorzy zrezygnowali
mieli nizszy poziom stezenia cholesterolu calkowitego oraz wyzszy poziom stezenia
trojglicerydow), wieku, miejsca zamieszkania i wyksztalcenia (mtodszy wiek, nizszy
poziom wyksztalcenia i zamieszkanie w malych miastach lub na wsi).

5.2.Wzory zywienia i stylu zycia
Wyloniono cztery wzory zywienia i stylu zycia 0 catkowitej wyjasnianej wariancji
wynoszacej 32,2%. Wzory nazwano zgodnie z charakterystyka zmiennych wiaczonych do
danego wzoru. Wzér ,,Zywno$¢ o duzej zawartosci biatka i smazona oraz aktywnos$é
fizyczna w czasie wolnym” charakteryzowatl si¢ czestym spozywaniem migsa biatego
(fadunek czynnikowy = 0,70), ryzu biatego/makaronu zwyktego/drobnych kasz (0,65), jaj
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(0,57), miesa  czerwonego  (0,51), potraw  smazonych  (0,49), Kkasz
gruboziarnistych/ptatkow owsianych/makaronu petnoziarnistego (0,37), a takze wicksza
liczba positkow spozywanych w ciagu dnia (0,37) oraz wyzszym poziomem aktywnosci
fizycznej w czasie wolnym (0,31). Wzér ,,Kanapki i zywno$¢ wygodna” charakteryzowat
si¢ czestym spozywaniem przetworow migsnych (0,72), biatego pieczywa (0,63), masta
(0,60), serow (0,56), stodyczy (0,39), konserw mie¢snych (0,33) oraz czerwonego migsa
(0,30). Wzér ,Zywno$¢ typu fast-food i uzywki” charakteryzowal sie¢ czestym
spozywaniem napojow stodzonych (0,58), napojow energetyzujacych (0,52), alkoholu
(0,46), zywnosci typu fast-food (0,39) oraz rzadszym spozywaniem owocoéw (—0,42) i
warzyw (—0,31), a takze paleniem tytoniu obecnie (0,62) lub w przesztosci (0,45). Wzor
»Zdrowa dieta, aktywno$¢ fizyczna w pracy i palenie w przesztosci” charakteryzowat si¢
czgstym spozywaniem owocoéw (0,57), warzyw (0,54), fermentowanych napojow
mlecznych (0,53), pieczywa pelnoziarnistego (0,48), ryb (0,46), twarogu (0,43), mleka
(0,42), kasz gruboziarnistych/ptatkow owsianych/makaronu petnoziarnistego (0,38) i
nasion roslin stragczkowych (0,37), a takze wicksza liczba positkow w ciggu dnia (0,40),
paleniem tytoniu w przesztosci (0,37) oraz wigkszym poziomem aktywnosci fizycznej w
pracy lub szkole (0,38 ) i w czasie wolnym (0,30).

5.3.Zwiqgzki pomiedzy wzorami zZywienia i stylu Zycia a wystgpowaniem metabolicznych
czynnikow ryzyka chorob dietozaleznych

Wieloczynnikowa regresja logistyczna wykazata, ze wicksze dopasowanie do
wzoru ,,Zywnos$é o duzej zawartoéci biatka i smazona oraz aktywno$é fizyczna w czasie
wolnym” wigzalo si¢ z wigkszg szansg wystgpowania nadwagi (OR 2,22; 95%CI: 1,19-
4,15) i zwigkszonej masy miesni szkieletowych (2,02; 1,17-3,50) oraz mniejsza szansg:
otytosci ogolnej (0,23; 0,11-0,45), nadmiernej ilosci trzewnej tkanki ttuszczowej (0,45;
0,26-0,79) i podwyzszonego poziomu TC (0,44; 0,25-0,79). Wigksze dopasowanie do
wzoru ,,Zdrowa dieta, aktywno$¢ fizyczna w pracy i palenie w przesztosci” wigzato si¢ z
wigkszg szansg Wystepowania nadwagi (3,35; 1,82—6,18) i mniejsza szansg wystepowania:
otytosci ogolnej (0,38; 0,19-0,74), nadmiernej ilosci trzewnej tkanki thuszczowej (0,51;
0,29-0,89) i podwyzszonego poziomu FBG (0,32; 0,11-0,92). Wigksze dopasowanie do
wzoru ,,Kanapki i zywno$¢ wygodna” wigzalo si¢ z wigksza szansg wystepowania:
otylosci centralnej (1,99; 14-3,47), otyltosci ogdlnej (3,45; 1,77-6,83), nadmiernej ilosci
trzewnej tkanki thuszczowej (2,59; 1,48-4,54), podwyzszonego poziomu TC (2,72; 1,53
4,86), podwyzszonego poziomu TG (1,87; 1,03-3,39), wystepowania co najmniej dwoch
zaburzen metabolicznych (2,54; 1,20-5,39) oraz mniejszg szansg zwiekszonej masy
miesni szkieletowych (0,53; 0,31-0,90). Wigksze dopasowanie do wzoru ,,Zywno$¢ typu
fast-food i uzywki” wigzato si¢ z wigkszg szansg wystgpowania: otytosci centralnej (2,07;
1,13-3,78), otylosci ogoélnej (4,76; 2,10-10,74), nadmiernej ilosci trzewnej tkanki
thuszczowej (3,17; 1,65-5,98) i mniejsza szansa zwigkszonej masy migsni szkieletowych
(0,48; 0,27-0,86).
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5.4.Zmiany po 2-latach

Po dwoch latach zaobserwowano zmiany w jakosci diety w trzech na cztery wzory
zywienia i stylu zycia, a we wszystkich wzorach — zmiany w wystepowaniu zaburzen
metabolicznych. Stwierdzono wzrost $rednich wartosci WC (90,5 vs. 92,7 cm,
odpowiednio przed i po), WHtR (0,50 vs. 0,51), SBP (126,9 vs.132,1 mmHg) oraz
odnotowano wigkszy odsetek mezczyzn z nadmiarem trzewnej tkanki thuszczowej (53 vs.
69%). Nie zaobserwowano istotnych zmian w statusie rodzinnym, spoteczno-
ekonomicznym i demograficznym oraz czynnikach zwigzanych ze stylem zycia.

Wsrod mezezyzn o poczatkowo wiekszym dopasowaniu do wzoru ,,Zywno$é o duzej
zawartosci biatka i smazona oraz aktywno$¢ fizyczna w czasie wolnym™ zaobserwowano
pogorszenie jakosci diety, co wyrazatlo si¢ obnizeniem warto$ci wskaznika pHDI
(RD=-13,6%, p=0,011), z rownoleglym wzrostem odsetka me¢zczyzn 0 nadmiernej ilosci
trzewnej tkanki ttuszczowej (RD=68,3%, p=0,024).

Wséréd mezezyzn o poczatkowo wigkszym dopasowaniu do wzoru ,.Zdrowa dieta,
aktywno$¢ fizyczna w pracy i palenie w przesztos$ci” rowniez zaobserwowano pogorszenie
jakosci diety (pHDI: RD=-14,6%, p=0,005) oraz stwierdzono pogorszenie wskaznikoéw
otytosci takich jak: WC, WHIR i ilo$¢ trzewnej tkanki thuszczowej (odpowiednio RD=3%,
p=0,045; RD=3,4%, p=0,024 i RD=72,4%, p=0,026). W analizie rozktadu proby
zaobserwowano znaczny wzrost odsetka me¢zczyzn z nadmierng iloscig trzewnej tkanki
thuszczowej (RD=82,5%, p=0,009).

Wsrdd mezezyzn o poczatkowo wigkszym dopasowaniu do wzoru ,, Kanapki 1 zywno$¢
wygodna” zaobserwowano poprawe jakos$ci diety, co wyrazato si¢ obnizeniem wartosci
wskaznika nHDI (RD=-25,3%, p<0,001) oraz stwierdzono zmniejszenie poziomu glukozy
we krwi na czczo (RD=-6,1% p=0,014).

Wsrod mezezyzn o poczatkowo wigkszym dopasowaniu do wzoru ,,Zywno$¢ typu
fast-food i uzywki” nie zaobserwowano istotnych zmian w sposobie Zywienia, w tym
zmian we wskaznikach pHDI 1 nHDI, natomiast pogorszeniu uleglty wskazniki otylosci,
takie jak WC, WHtR oraz warto$¢ skurczowego ci$nienia krwi (odpowiednio RD=4,4%,
p=0,003; RD=4,5%, p=0,003 i RD=5,1%, p=0,047), a takze odnotowano wzrost odsetka
mezczyzn z otyloScig centralng (RD=45,8%, p=0,002, nadmiarem trzewnej tkanki
thuszczowej (RD=36,8%, p=0,020), podwyzszonym ci$nieniem skurczowym lub
rozkurczowego krwi (RD=27,9%, p=0,011) i zmniejszenie odsetka mgzczyzn z
podwyzszonym FBG (RD=-76,5%, p=0,004).
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6. Dyskusja

Wsrod wytonionych wzordéw jedynie wzor ,,Zywno$é typu fast-food i uzywki” byt
spojny pod wzgledem taczenia niezdrowych zachowan zywieniowych i stylu zycia. Dwa
wzory sktadaty si¢ z zachowan mieszanych, np. zdrowa dieta z pewnymi niezdrowymi
zachowaniami zwigzanymi ze stylem zycia W przesztosci (,,Zdrowa dieta, aktywnos$¢
fizyczna w pracy i palenie w przesztosci”) lub zdrowy styl zycia ze wzglednie zdrowa dieta
(,Zywno$¢ o duzej zawartosci biatka i smazona oraz aktywno$é fizyczna w czasie
wolnym”). Wzor ,,Kanapki i zywno$¢ wygodna” charakteryzowaty zmienne zwigzane ze
sposobem zywienia, ale bez zmiennych zwigzanych ze stylem zycia.

Zastosowanie analizy glownych skladowych obejmujgcych wiele zmiennych
zywieniowych i stylu zycia pozwolito na scharakteryzowanie unikalnych wzorow
zachowan mtodych me¢zezyzn. Zaskakujgcym odkryciem bylo, iz w badanej kohorcie, opis
wzordow nie pokrywat si¢ z dobrze opisanymi w literaturze 1 czesto identyfikowanymi w
roznych populacjach wzorami typu ,,Zachodniego” lub , Tradycyjnego”.*®4! Jedynie
zmienne wchodzace w sktad wzoru ,,Zdrowa dieta, aktywno$¢ fizyczna w pracy i palenie
w przesztosci” byly w pewnym stopniu podobne do kompozycji wzoru okreslanego jako
,,Rozwazny” (ang. Prudent).*>*® Pomimo pewnych podobienstw, mozliwosci poréwnania
z poprzednimi wynikami sg ograniczone, poniewaz wzory uzyskane w obecnym badaniu
uwzgledniaty elementy stylu zycia, ktorych brakowato w poprzednich badaniach.

6.1.Wzory zywienia i stylu zycia a wystegpowanie metabolicznych czynnikow ryzyka
chorob dietozaleznych

Badania wykazaly zwigzek miedzy wzorami zywienia i stylu zycia a ryzykiem
wystepowania otytosci oraz zaburzeh metabolicznych u mlodych mezczyzn.

Wzér ,,Zywnoé¢ o duzej zawartosci biatka i smazona oraz aktywno$¢ fizyczna w
czasie wolnym” charakteryzowal si¢ czestym spozyciem zywno$ci bedacej zrodiem
biatka, smazonej, wysokim poziomem aktywno$ci fizycznej w czasie wolnym oraz
spozywaniem wigkszej liczby positkow w ciggu doby. Mgzczyzni o wigkszym
dopasowaniu do tego wzoru mieli najbardziej optymalne parametry zwigzane z masg i
sktadem ciata, w porownaniu do me¢zczyzn z innych wzoréw. Pomimo, iz wskaznik BMI
wskazywal na czeste wystgpowanie nadwagi tej grupie, to badania obwodu pasa oraz
analiza sktadu ciata, wykazaty, iz wicksza masa ciala byta zwigzana z dwukrotnie wigksza
masg miegéni szkieletowych, za$ nie wynikata z nadmiernej ilosci trzewnej tkanki
ttuszczowej lub otylosci centralnej mierzonej wskaznikiem WC. Zmienne begdace
skladowymi tego wzoru sugeruja, ze me¢zczyzni z tej grupy razem z rekreacyjng
aktywnoscig fizyczng stosowali diet¢ bogata w bialko, przypuszczalnie w celu
stymulowania syntezy tkanki migsniowej. Wigksze dopasowanie do tego wzoru wigzato
si¢ rowniez z dwukrotnie mniejszg szansg wystepowania podwyzszonego poziomu
cholesterolu catkowitego, co sugeruje potencjalnie prozdrowotny wplyw tego wzoru na
profil lipidowy krwi. Co ciekawe, wzor ten nie byl pozbawiony komponentéw 0
potencjalnie szkodliwym wptywie na zdrowie, takich jak czeste spozycie potraw
smazonych, co pozwolilo na identyfikacj¢ zachowan wymagajacych szczegolnej uwagi.
Na przyktad, formutujac zalecenia dla tej grupy warto bytoby zaproponowac alternatywne
metody obrobki termicznej migsa lub cze$ciowe zastepowanie go biatkiem pochodzenia
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roslinnego, np. z nasion roslin straczkowych. Ponadto propozycja spozycia wiekszej ilosci
warzyw i owocdéw moglaby przyczyni¢ si¢ do zmniejszenia stresu oksydacyjnego, ktory
jest zwigzany z intensywnymi treningami.** Niemniej, obserwacje dotyczace tego wzoru
pozwalajg postawi¢ hipoteze, ze rekreacyjna aktywnos¢ fizyczna moze tagodzi¢ skutki
niektorych zachowan zywieniowych, ktore nie sg pelni zgodne z rekomendacjami.

Powyzsze wnioski znajduja potwierdzenie w wynikach analizy wspoétzaleznosci
pomigdzy wzorem ,,Zdrowa dieta, aktywnos¢ fizyczna w pracy i palenie w przesztosci” a
ryzykiem wystgpowania otylosci i zaburzen metabolicznych. Komponenty tego wzoru
byty najbardziej zgodne z rekomendacjami zywieniowymi i wspotistniaty z wigkszym
poziomem aktywno$ci fizycznej w pracy i czasie wolnym. Megzczyzni o wigkszym
dopasowaniu do tego wzoru palili w przesztosci tyton, CO sugeruje, ze w pewnym
momencie ich zycia nastgpita zmiana zachowania, kierujaca ich w stron¢ zdrowszego trybu
zycia. We wzorze tym zaobserwowano korzystny dla zdrowia efekt aktywnosci fizycznej
potaczonej ze zdrowa diets, co znalazto odzwierciedlenie w dwu- do trzykrotnie mniejszej
szansie wystgpienia otytosci centralnej (mierzonej za pomoca obwodu pasa), nadmiernej
ilosci trzewnej tkanki thuszczowej | podwyzszonego poziomu glukozy we krwi. W tym
wzorze, podobnie do wzoru ,,Zywno$¢ o duzej zawartosci biatka i smazona oraz aktywno$éé
fizyczna w czasie wolnym”, stwierdzono wigkszg szans¢ wystagpienia nadwagi mierzonej
BMI, co dokumentuje ograniczenia tego wskaznika i potwierdza wczesniejsze dowody, ze
postugiwanie si¢ wylacznie BMI nie jest wystarczajace do identyfikacji ryzyka
zwigzanego z otyltoécig.*®

Dwa wzory, ktore wigzaly si¢ z negatywnymi skutkami zdrowotnymi, to: ,,Kanapki
i Zywnoéé wygodna” oraz ,,Zywno$¢ typu fast-food i uzywki”. Mezczyzni o wiekszym
dopasowaniu do wzoru ,,Kanapki i zywno$¢ wygodna” mieli okoto 3-krotnie wicksza
szans¢ wystapienia otyltosci centralnej, nadmiernej ilosci tkanki thuszczowej 1 nadmiernej
iloéci thuszczu trzewnego oraz dwukrotnie mniejsza szanse posiadania wigkszej masy
miesni szkieletowych. Co ciekawe, wigksze dopasowanie mezczyzn do tego wzoru nie
znalazto odzwierciedlenia w wystepowaniu otytosci mierzonej BMI. U tych mezczyzn
wigksza ilo$¢ tkanki thuszczowej, gromadzonej gtownie w okolicach jamy brzusznej, byta
maskowana mniejszg iloscig tkanka migsniowej (w literaturze ten fenotyp jest czgsto
okreslany jako TOFI, ang. Thin-on-the-Outside Fat-on-the-Inside).*® Obserwacja ta
sugeruje, ze ocena wystgpowania otylosci oparta wylacznie na interpretacji BMI moze
utrudnia¢ wykrywanie realnego ryzyka chorob dietozaleznych i wykluczy¢ pacjenta z
dodatkowych badan przesiewowych, co jest szczegdlnie niepokojace, poniewaz BMI jest
najczesciej stosowany w praktyce klinicznej.*®

Zgodnie z oczekiwaniami, mezczyzni o wigkszym dopasowaniu do wzoru
,Kanapki i zywno$¢ wygodna” charakteryzowali si¢ najmniej korzystnym profilem
metabolicznym — mieli oni dwu- do trzykrotnie wigksza szanse podwyzszonego stezenia
cholesterolu catkowitego i trojglicerydéw we krwi. Byt to jedyny wzor nie zawierajacy w
swojej strukturze elementow stylu zycia, co sugerowalo, ze ta grupa mogla by¢
niewystarczajaco jednorodna, aby zidentyfikowa¢ korelacje migdzy stylem zycia a
zachowaniami zywieniowymi. Jednak biorgc pod uwage rozktady cech opisujace
aktywno$¢ fizyczng, mozna wnioskowac, ze mezczyzni z tej grupy prowadzili siedzacy
tryb zycia w pracy i domu. Uzupelnieniem takiego stylu zycia byto spozywanie zywnosci
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wygodnej, na ktorg sktadaty si¢ gtdéwnie pieczywo, masto, sery, wedliny i stodycze, co
$wiadczy o matej roznorodnosci diety i pojadaniu miedzy positkami.

W?z6ér o najbardziej niepozadanej kompozycji zachowan zywieniowych i stylu
zycia zostal nazwany ,,Zywno$¢ typu fast food i uzywki”. Wspotzaleznosé miedzy tym
wzorem a zdrowiem dotyczyta wystepowania zaburzen metabolicznych, ale nie wykazano
zwigzku tego wzoru z wystgpowaniem otytosci. Mezczyzni o wigkszym stopniu
dopasowania do tego wzoru mieli trzy do pieciu razy wigksza Szanse wystepowania
otytosci, podwyzszonej ilosci tkanki tluszczowej i nadmiernej ilosci trzewnej tkanki
thuszczowej oraz dwukrotnie mniejsza szans¢ zwigkszonej masy migséni Szkieletowych.
Wspolne wystepowanie niezdrowych zachowan u ludzi nie jest nowym odkryciem,
chociaz dzigki niniejszym badaniom zyskuje nowa, poglgbiona dokumentacje.
Wezedniejsze badania wykazaty, ze szczegdlnie u mezczyzn, niezdrowa dieta taczy si¢ z
uzywaniem substancji psychoaktywnych, €0 moze mie¢ podtoze psychologiczne,
spoteczne lub biologiczne.*” Brak przewidywanych negatywnych konsekwencji dla
zdrowia metabolicznego me¢zczyzn o wysokim dopasowaniu do tego wzoru jest jednak
zaskakujacy. By¢ moze mtody wiek mezczyzn odegrat funkcje protekcyjng i skutki tych
niezdrowych zachowan nie zostaty jeszcze zarejestrowane.

6.2.Zmiany w czasie

Po dwoch latach od zidentyfikowania wzoréw zywienia i stylu zycia zaobserwowano
zmiany w jakoS$ci diety w trzech na cztery wzory, a we wszystkich wzorach — zmiany w
wystegpowaniu zaburzen metabolicznych. Poniewaz nie zaobserwowano jednoczesnych
zmian w statusie rodzinnym, spoteczno-ekonomicznym i demograficznym oraz
czynnikach zwigzanych ze stylem Zycia (palenie tytoniu, aktywno$¢ fizyczna, czas
spedzany przed ekranem) mozna sadzi¢, ze zmiany we wskaznikach zdrowotnych byty
spowodowane w gtéwnej mierze zmianami w jakosci diety.

Poprawe jakosci diety (spadek nHDI) zaobserwowano jedynie u me¢zczyzn O
wiekszym dopasowaniu do wzoru ,,Kanapki i zywno$¢ wygodna”, co jednoczes$nie wigzato
si¢ z poprawg stezenia glukozy we krwi na czczo. Obserwacja ta sugeruje, ze nawet
niewielkie zmiany w jakosci diety, charakteryzujace si¢ zmniejszeniem czestotliwosci
spozywania zestawow zywnos$ci, ktorych spozycie nalezy ogranicza¢, w Stosunkowo
krotkim czasie (juz po dwoéch latach) moga pomoc w regulacji homeostazy glukozy.
Ponadto, u mezczyzn z wigkszym dopasowaniem do tego wzoru nie zaobserwowano
pogorszenia wskaznikow otytosci ani  wzrostu wystepowania innych zaburzen
metabolicznych, co oznacza, ze w ciggu dwoch lat osiagneli stabilng mase i sktad ciata.
Wyniki te s3 bardzo obiecujgce 1 majg praktyczne znaczenie, poniewaz jedng z
podstawowych strategii leczenia cukrzycy u osob otylych jest redukcja ich masy ciata
(>10% poczatkowej masy ciata).*® Co wiecej, w badanej grupie zaobserwowano poprawe
kontroli glikemii bez zmian masy ciala, co sugeruje, ze sktad diety sam w sobie moze
przejawia¢ dzialanie protekcyjne. Potwierdzaja to wczesniejsze wyniki badan wiasnych
(projekt MAGNETIC), w ktorych wykazano, ze sktad diety jest niezaleznym czynnikiem
wplywajacym na metaboliczne czynniki ryzyka u mtodych dorostych.*®

Pogorszenie jakosci diety (obnizenie pHDI) zaobserwowano u mezczyzn o wickszym
dopasowaniu do wzoréow: ,,Zywno$¢ o duzej zawartosci bialka i smazona oraz aktywno$é
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fizyczna w czasie wolnym” oraz ,,Zdrowa dieta, aktywnos¢ fizyczna w pracy i palenie w
przesztosci”. W pierwszym wzorze pogorszenie jakosci diety spowodowato wzrost liczby
mezezyzn z nadmierng iloscig trzewnej tkanki tluszczowej, jednak nie znalazio to
odzwierciedlenia podczas porownania warto$ci srednich wskaznikow otytosci (przed vs.
po). Ponownie, by¢ moze to rekreacyjna aktywno$¢ fizyczna zmniejszyta wplyw
negatywnych zmian w jakosci diety na zdrowie. Nalezy zauwazy¢, ze wraz z obnizeniem
wartosci pHDI, wskaznik nHDI nie ulegt zmianie, co mozna interpretowaé jako
nieznaczne zmniejszenie czestoSci spozywania zdrowej zywnosci (zaliczane] do
wskaznika pHDI), ale tez brak zwigkszenia czgstotliwosci spozycia zywnosci, ktorej
spozycie nalezy ograniczac¢ (mierzonej wskaznikiem nHDI).

We wzorze ,,Zdrowa dieta, aktywnos$¢ fizyczna w pracy i palenie w przesztosci”
pogorszenie jakosci diety (obnizenie pHDI) bylo zwigzane z pogorszeniem Kkilku
wskaznikow otytosci centralnej. Jednoczes$nie, m¢zczyzni o wigkszym dopasowaniu do
tego wzoru charakteryzowali si¢ wigkszg aktywno$cig fizyczng w pracy, co moze
sugerowac, ze wpltyw aktywnos$ci fizycznej na wskazniki zdrowia zalezy od rodzaju
aktywnos$ci fizycznej. Jest to interesujace odkrycie, ktore wspiera wczesniejsze
doniesienia. Wyniki metaanalizy wykazaty, ze wysoki poziom zawodowe]j aktywnosci
fizycznej moze mie¢ szkodliwy wptyw na zdrowie me¢zczyzn, nawet po uwzglednieniu
czynnikow zaklocajacych.®® Autorzy stwierdzili, Zze wysoki poziom zawodowej
aktywnosci fizycznej zwigkszal ryzyko przedwczesnej $mierci u mezczyzn o 18% w
poréwnaniu z mezczyznami o nizszym poziomie aktywnosci fizycznej w pracy.>

Jako$¢ diety mezezyzn o wigkszym dopasowaniu do wzoru ,,Zywno$¢ typu fast-food i
uzywki” nie ulegla istotnym zmianom, oznaczajac kontynuacje niezdrowych zachowan
zywieniowych i stylu Zycia. Po 2 latach zaobserwowano pogorszenie wskaznikoéw otytosci
I wzrost skurczowego cisnienia tetniczego. Bioragc pod uwage komponenty tego wzoru,
obejmujace napoje energetyczne, alkohol, zywno$¢ typu fast food (z wysoka zawartoscia
sodu), a takze palenie tytoniu, zaleznosci te byly przewidywane. Wszystkie komponenty
tego wzoru mozna uzna¢ za stymulanty o udokumentowanym dziataniu podwyzszajacym
ci$nienie tetnicze krwi.*>* Niepokojace jest to, ze dopasowanie do tego wzoru byto
wigksze u mtodszych mezczyzn (18-30 lat) i mimo ich mtodego wieku niekorzystne skutki
zarejestrowano juz po dwoch latach. Mozna przewidywac, ze jesli sposob zywienia i styl
zycia tych me¢zezyzn sie nie zmieni, to zapoczatkowane procesy prozapalne spowoduja
dalsze pogorszenie zdrowia metabolicznego wraz z wiekiem.

6.3.Mocne i stabe strony badan

Gloéwng zaletg badania jest kompleksowe podejscie do zachowan zwigzanych ze
stylem Zycia i ich zwigzkéw ze zdrowiem metabolicznym w populacji dorostych mezczyzn
ponizej 40 roku zycia. W ocenie wystepowania otylosci wykorzystano wiele wskaznikow
(w tym oceng sktadu ciata technika impedancji bioelektrycznej), potwierdzajac tym
samym, ze wylaczne wykorzystanie BMI moze nie wykry¢ wczesnego ryzyka zagrozen
zdrowia.

Jednym ze stabszych aspektéw badan byt dogodny wybdr proby. Wyniki badan
mialyby lepsza trafno$§¢ zewngtrzng, gdyby zrekrutowano reprezentatywna probe
mezczyzn. Obecnie nie mozna mie¢ pewnosci, Czy zrekrutowana proba reprezentuje

27



populacje generalng polskich mezczyzn w wieku 19-40 lat, poniewaz nie ma mozliwosci
przeprowadzenia porownawczej analizy statystycznej dla zmiennych demograficznych i
spoteczno-ekonomicznych ze wzgledu na brak danych krajowych dla tej konkretnej
podgrupy. To samo dotyczy wystepowania otytosci i zaburzen metabolicznych.

Pomimo umiarkowanej liczby badanych (n > 350) liczebno$¢ proby speiniata
kryteria przeprowadzenia wielowymiarowej analizy statystycznej wymagajacej ,,duzych
zbioréow danych”, tj. dla analizy gléwnych sktadowych spetniono warunek aby iloraz
liczby uczestnikow do liczby zmiennych wynosit co najmniej 10:1; w naszym badaniu
iloraz wynosi 11,5:1.%° Wielko$¢ proby byta réwniez wystarczajaca do przeprowadzenia
analizy regresji, w tym =zasady ,jeden na dziesie¢”, dla wszystkich zmiennych
niezaleznych.

Nieco ponad 25% mezczyzn z proby wyjsciowej powrdcita na badania po dwoch
latach. Przeprowadzono kilka analiz porownawczych: (i) catkowita proba vs. proba
podgrupa na poczatku badania; (ii) podgrupa na poczatku badania vs. podgrupa po dwoch
latach; oraz (iii) podgrupa na poczatku badania vS. mezczyzni, ktorzy zrezygnowali z |1
etapu badan. Ta ostatnia analiza byla kluczowa dla zidentyfikowania réznic migdzy
mezczyznami, ktorzy brali udziat w obu etapach badan, a tymi, ktérzy nie wzieli w udziatu
w |l etapie. Jako ze nie wykryto réznic migdzy grupami pod wzgledem zachowan
zwigzanych ze stylem zycia (z wyjatkiem czasu spe¢dzanego przed ekranem) i
wystepowania wskaznikow otytosci, to wnioski z I1 etapu badan moga by¢ uogolnione dla
catej kohorty z I etapu.

6.4.Praktyczne zastosowanie wynikéw badan

Przedstawione wyniki badan majg implikacje praktyczne. Analiza gléwnych
sktadowych ujawnila wielosktadnikowa matryce wzajemnie powigzanych zachowan
zywieniowych i stylu zycia, cO nie zawsze jest oczywiste przy zastosowaniu tradycyjnego
podejscia w ocenie zagrozen zdrowia. Nie mozna wykluczy¢, ze przy tradycyjnym
podejsciu obejmujacym wylacznie zmienne zywieniowe lub wytacznie zmienne stylu
zycia, formutowane zalecenia dotyczace zdrowego trybu zycia moga pomijac potrzeby i
specyfike niektorych grup mezczyzn. Lepsze zrozumienie przedstawionych matryc
zachowan zywieniowych i stylu zycia w populacji bedacej w krggu zainteresowania moze
zaowocowaé opracowaniem skuteczniejszych interwencji, poprzez Wwskazywanie
konkretnych zachowan wymagajacych zmiany, a nie catego stylu zycia.

Chociaz wyniki badania dostarczaja nowej wiedzy cennej dla wielu specjalistow
ochrony zdrowia (dietetykow, klinicystow, specjalistéw zdrowia publicznego), to jednak
nie maja one bezposredniego zastosowania w praktyce klinicznej skupionej na zdrowiu
jednostki. Zastosowanie wynikéw jest bardziej odpowiednie do kreowania celow
profilaktyki i edukacji zdrowotnej, pokazujac, ze doktadne odwzorowanie zachowan
zywieniowych 1 stylu zycia moze stluzy¢ jako narzedzie do formutowania rekomendacji
opartych na dowodach naukowych. Gtéwnym celem niniejszej analizy byto okreslenie,
ktora kombinacja zachowan zywieniowych i stylu zycia wiagze si¢ z najwigkszym ryzykiem
wystgpienia otylosci i zaburzen metabolicznych. Posiadanie tej wiedzy pozwala
przewidzie¢, ze np. mezczyzni <40 lat, ktorzy pala papierosy, jednocze$nie czgsto pija
napoje energetyzujace i spozywaja zywnos¢ typu fast-food, a zbiodr tych zachowan jest
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zwiazany z wigkszym ryzykiem problemow zdrowotnych. W tym konkretnym przypadku,
zamiast formutowania og6élnych zalecen zywieniowych (np. ,,zwigksz spozycie owocow i
warzyw”), by¢é moze wazniejsze jest sformutowanie przekazu skupiajacego si¢ na
ograniczeniu uzycia $rodkéw pobudzajacych, a dopiero potem odnoszacego si¢ do
poprawy jakos$ci diety. Jednak wiedza na temat skutecznosci komunikatéw skierowanych
do tej grupy, musialaby zosta¢ oceniona w osobnym badaniu. Opisywane badania
dostarczajg charakterystyki badanej kohorty i okreslajg teoretyczne ramy potencjalnych
interwencji.

6.5.Kierunek przysztych badan

W przysztosci interesujace bytoby porownanie charakterystyki wzorow zywienia
i stylu zycia innych populacji, np. kobiet lub mezczyzn po 40 r.z. oraz okreslenie zwigzku
miedzy tymi wzorami a wystgpowaniem otytosci i zaburzen metabolicznych, a takze
zaplanowanie badan interwencyjnych majacych na celu korekt¢ niezdrowych zachowan
zywieniowych w badanej grupie.

Po drugie, warto bytoby rozszerzy¢ badania wlaczajac w nie bardziej szczegotowe
markery zdrowia metabolicznego, takie jak: szeroki profil lipidowy krwi; hemoglobina
glikowana i insulina; markery stanu zapalnego (np. interleukina-6, biatko C-reaktywne,
TNF-a) czy hormony (GLP-1, inkretyny, adipokiny), aby uzyska¢ bardziej szczegétowy
obraz kliniczny zaburzen zwigzanych z zywieniem i stylem zycia. Rozszerzenie zakresu
badan laboratoryjnych byloby réwniez wstepem do lepszego zrozumienia mechanizmow
patofizjologicznych o podtozu zywieniowym.

Po trzecie, cickawym kierunkiem badan bylaby analiza zwigzku pomiedzy
wzorami zywienia i stylu zycia a stezeniem tleneku trimetyloaminy (TMAO) —
nazywanym ,.cichym zabojca meskich serc”.%%%” TMAO jest markerem dysbiozy jelitowej
zwigzanej z rozwojem miazdzycy i ryzykiem sercowo-naczyniowym, uzaleznionym
glownie od sposobu zywienia i metabolizmu mikroflory jelitowej.5¥% Wyzszy poziom
TMAO obserwowany jest u o0sob o wigkszym dopasowaniu do wzoréw
charakteryzujacych sie czestszym spozyciem zywnoéci pochodzenia zwierzecego.>’ Jest to
stosunkowo nowy, aczkolwiek fascynujacy kierunek badan taczacy sposob zywienia ze
zdrowiem kardiometabolicznym i mikrobiomem cztowieka, ktory dopiero zaczyna byc¢
odkrywany.
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7. Podsumowanie i wnioski

W badanej kohorcie m¢zczyzn zaleznoSci miedzy dietg i stylem zycia znalazty
odzwierciedlenie w trzech spo$rod czterech wzordw, ktore zidentyfikowano. Zadnego ze
wzoréw zywienia i stylu zycia nie mozna uzna¢ za jednoznacznie korzystny dla zdrowia.

Wzory zywienia i stylu zycia obejmujace prozdrowotne zachowania zywieniowe
w potaczeniu z aktywnym trybem Zycia wigzaly si¢ z mniejszym ryzykiem wystgpienia
zaburzen metabolicznych, pomimo obecnosci pewnych niezdrowych zachowan, takich jak
palenie tytoniu w przeszlo$ci czy spozywanie smazonych potraw. Niezdrowe wzory
zywienia 1 stylu zycia, w ktorych zlej diecie towarzyszyto stosowanie S$rodkoéw
pobudzajacych, wigzaty sie¢ z gorszym zdrowiem metabolicznym, pomimo stosunkowo
mtodego wieku m¢zczyzn.

W perspektywie dwuletniej poprawa sposobu zywienia wigzata si¢ z poprawa
kontroli glikemii, pomimo braku zmian w masie ciata, natomiast pogorszenie jakosci diety
lub utrzymywanie si¢ niezdrowych zachowan zywieniowych wigzato si¢ z pogorszeniem
wskaznikow metabolicznych. Kluczowym wnioskiem wyplywajacym z niniejszych badan
jest to, ze nawet mate zmiany w codziennej diecie wdrozone we wzglednie krotkim okresie
czasu (2 lat) moga wptywac na poprawe¢ zdrowia metabolicznego mtodych mezczyzn.
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Sex and gender are important factors that impact cardiometabolic traits. Men have lower life
expectancy and higher prevalence of fatal chronic conditions at younger age. Lifestyle risk
profiles in young men have been rarely studied in the context of cardiometabolic health. This
review aimed to summarise the evidence regarding the patterns of dietary-lifestyle beha-
viours in a population of young men (age <40years) and their associations with cardiometa-
bolic health. Overall, unfavourable clusters of health behaviours are more prominent in men,
when compared to women and more prevalent in younger adults, when compared to older
age groups. Early signs of cardiometabolic health abnormalities have been reported among
men with higher adherence to patterns which consistently shared poor dietary habits as a
common denominator, combined with stimulant use, inadequate sleep or insufficient phys-
ical activity. In the majority of studies, dietary assessment was limited to the investigation of
one or two behaviours, most frequently fruit and vegetable intake. Since young men may
engage in a mixture of explicit behaviours, the examination of a singular dietary habit
may not represent the overall diet quality. To conclude, the data regarding the synergistic
effects of a broad spectrum of dietary and lifestyle behaviours in the context of cardiometa-
bolic health remain scarce in this population. The inclusion of a broader range of dietary and
lifestyle variables into the multicomponent pattern analysis might have a greater potential in
explaining the association with cardiometabolic health. Defining behavioural clusters can
help to develop interventions, tailored to the specific needs of the targeted group.

Cardiometabolic: Behavioural clusters: Diet: Lifestyle: Patterns: Young men

Sex and gender are important factors that have an impact
on cardiometabolic traits’’). Men have a lower life
expectancy as well as a higher prevalence of fatal chronic
conditions and heart disease at a younger age, with pre-
mature mortality due to non-communicable diseases in
men being identified as one of the leading public health
challenges® ®. Health inequalities between men and
women can be explained by sex-related biological differ-
ences, genetic predisposition and lifestyle factors'”.
Lifestyle risk profiles in young men, as modifiable
factors, have been rarely studied in the context of cardio-
metabolic health. This is of particular concern since

behaviours acquired in young adulthood may trigger
pathophysiological processes with immediate or delayed
health consequences™"”.

A few particularly concerning health issues that affect
more often young men than women include hyperten-
sion, heart and circulatory diseases, particularly acute
myocardial infarction and sudden cardiac death” 'V,
In the American cohort of young adults (age 18-39
years), men had a substantially higher prevalence of prehy-
pertension compared to young adult women (34 v. 13 %),
and at the same time significantly lower awareness, treat-
ment and control (68 v. 86 %; 44 v. 61 % and 34 v. 52 %,
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men v. women, respectively)”. Although the authors
speculated that this could be explained by less frequent
medical check-ups among men, the sex-related inequal-
ities in the incidence of CVD are not limited to behav-
ioural factors. The intrinsic biological, hormonal and
genetic factors are also studied. The vascular ageing
(endothelial dysfunction and arterial stiffness) begins
earlier in life in men than in women, which eventually
evens out in the sixth decade of life'?. This delay in
the onset of CVD in women can be partially explained
by the protective effect of higher oestrogen levels prior
to the menopause'?. Moreover, it has been suggested
that higher predisposition to coronary artery disease in
young men is associated with the paternal lineage of
their Y chromosome, which increases the risk in this popu-
lation segment"®. Interestingly, the research group found
that men who inherited one of the most common Y
chromosome types in Europe (haplogroup I) from their
male ancestors had a 50 % higher risk of coronary artery
disease than do men with other types of the Y chromo-
some''?. Further health disparities in this group are
observed within Europe. The prevalence of premature
mortality is higher in men from eastern European coun-
tries, than in the Western countries'¥. In Poland, all-
cause mortality is five times higher in men than women
under 45 years old!®. Although a large proportion of
these deaths is due to external causes (38 %), the deaths
due to CVD in this age group are 3-5 times higher in
Polish men than women of the same age''>.

According to the recent epidemiological data, a new
epidemic of CVD is forecasted in the young adult popu-
lation segment as they grow older'®. The authors ana-
lysed the trends in the incidence of CVD in developed
countries and observed a decreasing trend in adults >50
years old. In contrast, within the same period of time,
this trend in younger adults has either been steady or
increasing, depending on the country'®. Due to the
increasing prevalence of unhealthy risk behaviours
among young individuals, it can be expected that the
future generation of adults >50 years old will enter the
sixth decade of life with a worse cardiovascular risk
profile than the present population of mature adults.

It is unclear to what extent lifestyle factors can coun-
terbalance the physiological and genetic predisposition
to the diseases; however, it can be expected that morbid-
ity and premature mortality could be reduced with
appropriate lifestyle changes in this age group. In gen-
eral, risky health behaviours are more prevalent in
men, than women. Olson er al.!” investigated health
behaviours in an American cohort aged 24-32 years
and discovered that men exceeded women in all investi-
gated outcomes, such as binge drinking, smoking, drug
use, avoiding medical check-ups and fast-food consump-
tion. The only exception was physical activity; the higher
percenta%e of men was active in comparison to
women'”. Although it has been well established that
men are more likely to engage in unhealthy behaviours
than women"®* 2%, there is a gap in the understanding
of which particular dietary behaviours tend to cluster
with other lifestyle behaviours. Only a few studies
reported clusters of dietary and lifestyle behaviours
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specific to the population of young men®", despite
strong recommendations to analyse behavioural patterns
using age and gender stratification®. Defining behav-
ioural clusters in this group could help to develop tar-
geted interventions.

There are many approaches to defining early adult-
hood. For the purpose of the present paper, we will fol-
low Levinson® who suggested that early adulthood
begins around age 22 years and ends at 40 years. The
prelude to this stage of life is described as an early
adult transition, which begins at age 17 years ?®. Both
of these early periods of life encompass great levels of
stress associated with the changing of societal roles of a
young man, e.%. becoming a student, an employee, a hus-
band, a parent®*?¥. It is also time when the cardiovascu-
lar system is functioning at maximum capacity and when
most of the biological 2Eeaks occur, such as muscle
strength or bone mass®>>”. Hence, it is crucial to ensure
that during this time, the body will benefit from optimal
nutrition and health-promoting lifestyle behaviours,
which would enable the build-up of the ‘health bank’
for the consequent decades of life, as well as support
the mental health to alleviate the effects of stress.

This review aimed to summarise the evidence from
cross-sectional studies regarding the patterns of dietary-
lifestyle behaviours in the young male population and
their potential associations with cardiometabolic health.
The studies discussed in this review focused on empiric-
ally derived patterns, clustering a dietary component
with at least one of the following health behaviours:
smoking, alcohol use or physical activity.

Approaches to studying behavioural clusters

Health behaviours have been defined as overt behav-
ioural patterns, actions and habits that relate to health
maintenance, to health restoration and to health
improvement®®. In the literature, these are usually con-
sidered in a broad or narrow context. Behaviours sensu
largo include a whole spectrum, including diet, physical
activity, substance use, sexual activity, environmental
hazard avoidance, preventive health and safety practices,
e.g. seatbelt use®”. Health behaviours sensu stricto are
usually limited to behaviours often abbreviated as
SNAP: smoking, nutrition, alcohol and physical activ-
ity®® also known as the big four®.

Two methodological approaches in studying the clus-
tering of health behaviours can be considered: a priori
and a posteriori. The first approach is hypothesis-driven.
Based on the previous knowledge, the predefined dietary
and lifestyle risk factors are selected and its cumulative
effect on health is investigated. The results of studies
which applied this approach were the keystone in public
health research, documenting the detrimental effects of
the main four modifiable lifestyle behaviours on health®".
As can be predicted, the cumulative effect of all four beha-
viours (SNAP) generates the highest health risk®?.
However, it has not been clearly specified which compo-
nents of these behaviours in particular would create the
clusters (patterns) of the highest or lowest risk to health.
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To answer this research question, the a posterori
approach needs to be applied. This means that the pat-
terns of behaviours are derived with the use of multidi-
mensional statistical techniques based on the available
data, rather than the researcher’s hypothesis®**. Most
commonly applied techniques include factor analysis,
latent class or principal component analysis. Next, the
associations are being investigated between the derived
clusters (commonly named patterns, e.g. dietary patterns
or dietary-lifestyle patterns) and health outcomes using
modelling, e.g. regression analysis or survival analysis®™.
The exploratory nature of this technique means that ini-
tially the components (sets of variables) are not known to
the researcher and no assumptions can bias the results.
This approach helps to obtain objective, often unex-
pected results which could not be predicted and investi-
gated with the use of an a priori approach. This
approach received a great deal of interest in the past dec-
ade, documenting the specific dietary patterns in various
subpopulations®®*”. However, the evidence regarding
the clusters of combined dietary and lifestyle behaviours
remains scarce, particularly in young men. In this study,
we will focus on the published research, which applied
the a posteriori approach, often referred to as the empir-
ical method.

Clustering of dietary-lifestyle behaviours in young men

A recent review pooled data from fifty-six studies in adults
(both men and women)@". The authors found that being
a male, with lower socioeconomic status and younger age
i1s associated with adherence to riskier clusters. Often,
those risky clusters had a common denominator: alcohol
use and smoking. The authors also highlighted that diet
was less often included in the reviewed studies in com-
parison to alcohol use and smoking. Moreover, the diet-
ary component was often limited to one or two variables,
e.g. the frequency of fruit and vegetable consumption or
breakfast skipping. Interestingly, the associations with
physical activity were unclear. In general, poor diet
tends to cluster with substance use (alcohol, tobacco
and/or drug use). Clusters differed depending on the sam-
ple (e.g. general population v. students), country and
analytical methods used®V.

The reasons behind the clustering can be broken down
into three segments: cognitive, social and biological®®.
The cognitive reasons are linked to the theory of reasoned
action and determinants such as intentions, self-efficacy,
outcome expectancies, perceived susceptibility and per-
ceived severity®. It has been previously documented
that men dis(play a lower level of nutritional knowledge
than women®?. Furthermore, in men, nutritional knowl-
edge is not a direct predictor of healthy eating atti-
tudes“!*?. This would explain why some behaviours in
men remain inconsistent, for example, as mentioned earl-
ier, there is no clear association between physical activity
and diet or substance use; men can have unhealthy dietary
habits and at the same time be highly active®". Gubbels
et al™® identified a cluster in boys labelled as
Sports-Computer, which was characterised by health-
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promoting dictary behaviours, sedentary time and using
a computer as well as being physically active. Although
the authors studied behaviours in a sample of children,
this example shows that some behaviours that may appear
to be contradictory often coexist, and this phenomenon
can be revealed using the data-driven approach.

Social reasons for the clustering of behaviours are
related to age, sex, socioeconomic status, education,
and these determinants appear to be the most frequently
studied in lifestyle research!®***>. These will be dis-
cussed in more detail further in the review. Lastly, bio-
logical explanations are associated with physical and
mental health. It has been suggested that sex-related dif-
ferences in lifest?lle behaviours might be linked to hormo-
nal differences™®. Higher levels of androgens and
cortisol, and lower serotonin levels in men may increase
the desire for intense sensations and experiences, which
can be obtained with the use of stimulants“®. It has
been shown that men have different responses to stress
than women, with one of the avoidant coping strategies
is alcohol or substance use*®. The psychological aspects
of lifestyle behaviours have been previously described by
Conry et al“” Among six identified clusters, authors
found that the multiple unhealthy behaviours reflected
in ‘multiple risk factor’ and ‘physically inactive’ clusters,
more prevalent in menaged 18-29 years, were associated
with lower levels of energy and vitality and highest psy-
chological distress?.

Due to the cross-sectional design of these studies, the
results need to be cautiously interpreted. The potential
reason can be either a cause or a result of certain beha-
viours, e.g. psychological distress can be a cause of
unhealthy lifestyle choices but also a result of long-term
poor lifestyle habits.

Clusters of dietary-lifestyle behaviours
and cardiometabolic health

Although a number of studies have investigated the
clusters of lifestyle behaviours in mixed-sex population,
the number of studies in young men which used empirical
methods and included a dietary component is very small.
A study by Lawrence er al.*® investigated the associa-
tions between lifestyle clusters and cardiovascular health
in a large American cohort. Eight indicators were used to
create a cardiovascular risk scale (systolic and diastolic
blood pressure, pulse rate, Hb Alc, TAG, HDL- and
LDL-cholesterol, BMI). The results revealed that two
clusters named ‘inactive, poor diet, poor sleep’ and ‘con-
sistently negative’ were the predictors of poorer cardiovas-
cular health in young adults (aged 26-31) when compared
to the ‘consistently positive’ cluster. However, these
results were not sex-specific and only two dietary vari-
ables were used to assess the diet quality: fre%uency con-
sumption of fast-foods and sugary beverages™®.
Another interesting study, by Greene er al.*?, investi-
gated the clustering of diet, physical activity, psycho-
social factors and elevated health risk associated with
obesity. The authors found that male students (aged
18-24) from the cluster labelled as ‘psychosocially secure’


https://doi.org/10.1017/S002966512000693X

Empirically derived dietary-lifestyle patterns and cardiometabolic health in young men 327

had better adiposity outcomes than men from other clus-
ters, despite the lowest intake of fruit and vegetables and
the lowest level of physical activity®”. This paradox
again shows that investigating only one aspect of a diet
(here mean daily fruit and vegetable intake) may be
insufficient to reflect overall diet quality.

In our recent study in young men (age <40 years), we
proposed to include a broader spectrum of dietary vari-
ables along with lifestyle behaviours, such as physical
activity at work and free time, current and past smok-
ing, alcohol use and screen tlme(5 9. Using a data-driven
approach, we identified four dietary-lifestyle patterns.
The early cardiometabolic risks associated with adipos-
ity were observed in two dietary-lifestyle patterns
labelled ‘sandwiches and convenient diet” and
‘fast-foods and stimulants’, while two other dietary-
lifestyle patterns appeared to be protective; due to its
components, these were labelled ‘protein food, fried-
food and recreational physical activity’ and ‘healthy
diet, active, past smokers’. Both of these dietary-lifestyle
patterns were associated with lower odds of obesity and
lower risks of elevated total cholesterol (only ‘protein
food, fried-food and recreational physical activity’)
and fasting blood glucose (only ‘healthy diet, active,
past smokers’), despite some unhealthy components
such as frequent consumption of fried foods or smoking
in the past. It could be that the physical activity compo-
nent present in both patterns alleviated the effect of the
unhealthy behaviours®”. This study, however, high-
lights that studying the d1etary lifestyle patterns using
the empirical method mirrors the behaviours truly exist-
ing in populations (rather than compliance to guidelines
recommendations). We believe that this approach more
closely represents the real-life scenario, i.e. studies have
shown that only a small percentage of the population
entirely follow dietary recommendations, whereas a
higher percentage display more relaxed, yet still pro-
healthy dietary behaviours that can still be protective
and used as an example for the rest of the population.
There is an increasing recognition among academics
and practitioners that health guidelines and interven-
tions should be informed by the ev1dence obtained for
the behaviour patterns research®!. Researching pat-
terns, rather than individual health- related behaviours,
recognise the fact that lifestyle behaviours are complex
and may have synergistic or antagonistic effects on the
human body.

Practical implications

Modifying lifestyle behaviours in this population pose a
serious challenge. Men are described as a p Pulation
not only hard-to-reach but also hard-to-engage It is
also unclear whether single or mult1ple health behaviour
change interventions are more effective®. In the scoping
review, Ashton et al.®* identified forty-six interventional
studies which have targeted risk behaviours solely in
young men (age 17-35 years) and fifty-four studies
reporting outcomes with stratification for age and/or
sex. Only a fraction of studies targeted poor diet (n 5),
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with the majority of the interventions being focused on
increasing physical inactivity, lowenng alcohol use and
reducmg risky sexual behaviours®®. The important limi-
tation in terms of applicability of the results was low
diversity. Most often, the samples consisted of university
students (being a population easily accessible to the
researchers). Based on the studies included in the review,
the authors concluded that the effectiveness of future
interventions can be improved by: (i) being tailored to
the specific subpopulations of men (e.g. unemployed, eth-
nic minorities, etc.); (il) accounting for the different types
of masculinity; (ii) incorporating theoretical frameworks;
(iii) choosing the right delivery channel (face-to-face or
online intervention), as well as intervention facilitator,
similar to the targeted group®®. Football Fans in
Training (https:/ffit.org.uk/) is a good example of a
successful, age- and sex-sensitised, health-promoting ini-
tiative 57) . The 12-week intervention directed to over-
weight men aged 35-65 was delivered in Scottish football
clubs by community coaches and involved dietary guid-
ance and physical activity sessions®”. Participating
men managed to implement lasting lifestyle changes
lose bodyweight, improve blood pressure and increase
self-esteem®> "), The appeal and success of the inter-
vention were attr1buted to feeling similar to other men
in the group, sharing similar interests, ﬁlling sessions
with effervescent experiences and receiving continuous
peer-support >

Getting to know the target population is fundamental.
The European Commission on Men’s Health has stressed
the fact that behavioural sex-related differences represent
different needs and perceived barriers in terms of health
promotion®®. In further work, Ashton er al.®” sug-
gested that focus groups might be helpful in identifying
young men’s motivators and perceived barriers towards
eating healthily and being active. In this group of 18—
25 years-old men, the main motivators for healthy eating
were physical health, sport or performance, physical
appearance and social influences, while key motivators
for physical activity were physical appearance, social
inclusion, physical and rnental health and improvements
for sport or performance 9 Hence, it may be concluded
that the ‘one size fits all’ approach is not feasible and a
thorough analysis of the targeted population is recom-
mended to design the intervention accordingly to the
specific needs.

Recommendations for future studies

In the majority of studies, the dietary component was
often limited to one or two variables, most commonly
the frequency of fruit and vegetable consumption. It
can be argued that the intake of fruit and vegetables is
a reasonable indicator of diet quality. It is the food
group 1ncluded in all dietary indices des1gned to assess
diet quality®>®D and its high intake is associated with
the reduced risk of CVD, cancer and mortality®?.
Hence, it might be presumed that high fruit and vege-
table intake is a key marker of healthy dietary pattern.
This has been previously confirmed by Ramsay
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et al® in a study in children. Those who consumed

whole fruit, fruit juice and non-starchy vegetables
(apart from white potatoes) had higher diet %uality mea-
sured with healthy eating index (HEI-2010)*. However,
the results from this sample cannot be generalised to
other populations and older age groups. Moreover,
studying only a singular dietary behaviour reflects the
level of adherence to that particular dietary recommen-
dation and does not expose the nuances in the complexity
of human behaviour. As shown before, young men may
engage in a mixture of explicit dietary behavioursf49) and
therefore in this case, the examination of a singular diet-
ary habit does not represent the overall diet quality.
Lastly, from the public health perspective, examining
solely fruit and vegetable intake or breakfast skipping
will not highlight other areas which require improvement
and should be addressed in the target population.

Similarly, variables such as smoking, alcohol use or
physical activity would benefit from a more in-depth
assessment if used as variables in data-driven analyses.
A detailed description of those behaviours could add to
the existing knowledge, by revealing what specific types
of lifestyle behaviours generate the highest risks and
which ones might be protective, e.g. smoking (past, cur-
rent, frequency, tobacco or electronic cigarettes), alcohol
consumption (type, frequency, amount per drinking
occasion), physical activity (recreational v. physical
labour, moderate v. vigorous intensity, etc.).

Conclusions

Young men are a population at high risk of unfavourable
health behaviours. Poor diet tends to cluster with stimu-
lants use, but its correlation with physical activity is
inconsistent in young men. The data regarding the syner-
gistic effects of a broad spectrum of dietary behaviours
combined with other lifestyle factors in the context of
cardiometabolic health remain scarce in this population.
The inclusion of a broader range of dietary and lifestyle
variables into the multicomponent analysis of dietary
and lifestyle patterns might have a greater potential in
explaining the association with cardiometabolic health.
Defining behavioural clusters in young men can help to
develop lifestyle interventions, tailored to the specificity
and needs of the targeted group.
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Abstract: The aim of this study was to examine the associations of dietary-lifestyle patterns (DLPs)
with adiposity and metabolic abnormalities in adult Polish men that were under 40. The cross-sectional
study included 358 men that were 19-40-year-old. Dietary and lifestyle data were collected with
multicomponent food frequency questionnaire (KomPAN®). DPLs were derived with Principal
Component Analysis (PCA) using 25 dietary and six lifestyle as the input variables. Adiposity
was determined with the use of: overweight (body mass index 25-29.9 kg/m?), central obesity
(waist-to-height ratio > 0.5), general obesity (body fat > 25%), excessive visceral fat tissue (> median),
and increased skeletal muscle mass (> median). The metabolic abnormalities were characterised by
elevated: fasting blood glucose (FBG > 100 mg/dL), triglycerides (TG > 150 mg/dL), total cholesterol
(TC > 200 mg/dL), or systolic or diastolic blood pressure (> 130 or > 85 mmHg, respectively). Four
PCA-driven DLPs were derived and labelled accordingly to the most characteristic dietary or lifestyle
behaviours that were correlated with each pattern. Multivariate logistic regression revealed that
higher adherence (upper vs. bottom tertile as referent) to “Protein food, fried-food, and recreational
physical activity” pattern was associated with higher odds of overweight and increased skeletal
muscle mass, and lower odds of: general obesity, excessive visceral fat tissue, and elevated TC.
Higher adherence to “Healthy diet, active, past smokers” pattern was associated with higher odds
of overweight and lower odds of: general obesity, excessive visceral fat tissue, and elevated FBG.
Higher adherence to “Sandwiches and convenient diet” pattern was associated with higher odds of:
central obesity, general obesity, excessive visceral fat tissue, elevated TC, elevated TG, occurrence
at least two metabolic abnormalities, and lower odds of increased skeletal muscle mass. A higher
adherence to “Fast foods and stimulants” pattern was associated with higher odds of central obesity,
general obesity, excessive visceral fat tissue, and lower odds of increased skeletal muscle mass. The
interrelations between diet and lifestyle behaviours were reflected in three out of four patterns.
Healthy diet attempts combined with active lifestyle was associated with reduced risk of adiposity
and metabolic abnormalities despite some unhealthy components, like former smoking or fried-food
consumption. In contrary, patterns that were composed of undesirable dietary behaviours solely, as
well as poor diet combined with stimulant use, were associated with higher adiposity and worse
metabolic health, despite the relatively young age of the study participants. Accurate mapping of
dietary-lifestyle behaviours can serve as a tool for formulating evidence-based recommendations.

Keywords: adiposity; adults; dietary patterns; lifestyle; men; metabolic; principle component analysis;
young adults
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1. Introduction

Young men are a population of a particularly increased risk of unfavourable health behaviours
while going through the changes associated with the transition from adolescence to adulthood [1,2].
Leaving home, going to university, commencing employment and starting a family are milestones
in life that can have detrimental health implications, contributing to the development of diet-related
diseases, such as hypertension, obesity, diabetes, cardiovascular diseases, and cancers [3]. Moreover, it
has been found that, in the young age group, men are at higher risk of fatal chronic conditions and
heart diseases in comparison to women of the same age [4-6]. This phenomenon is believed to have
not only behavioural background, but it is also associated with biological, hormonal, and genetic
factors, which are sex-specific [7].

A Finnish study on men that were aged 18-29 years old revealed that, in early adulthood,
unhealthy behaviours outweigh healthy and preferences for energy-rich foods are strong in this group,
e.g., only small percentage of men consumed fruit and vegetables daily (13% and 8%, respectively),
whereas a higher percentage consumed pizza and hamburgers more than once a week (24% and 19%,
respectively) [8]. Starting university and living away from home has also been associated with low
consumption of fruit and vegetables among male Polish students [9]. Moreover, while studying at
university, male students have shown to engage more often than girls in addictive behaviours, such as
excess alcohol drinking, smoking, and the use of stimulants, e.g., to enhance mental performance and
cope with stress [10,11]. Poor coping strategies, which are reflected in addictive behaviours, can be also
triggered by commencing first employment, which is often a source of stress for a young person. These
results allow for hypothesizing, that young men are a specific population who engage in a mixture of
explicit behaviours and, further, more detailed research is needed to fully understand the complex
mechanisms of health-related decisions in this subpopulation.

Previous studies investigated the associations between predefined dietary and lifestyle risk
factors and the occurrence of cardiovascular diseases, representing the a priori (hypothesis-driven)
approach [12]. In brief, this approach is used to assess how closely selected behaviours match the
widely accepted healthy lifestyle goals, e.g., has the recommendation for daily physical activity or fibre
intake been met. One of the limitations of hypothesis-driven method is that it does not allow for picking
out some unique combinations of behaviours, truly existing in studied populations. In contrast, an
analysis of patterns provides the advantage of mirroring the real life scenario [13]. Furthermore, using
the data-driven methods (the a posteriori approach) allows for revealing often-unexpected behavioural
patterns that have previously not been hypothesised by the researchers. The a posteriori approach has
been less frequently used and the interpretation of the results had some limitations. The majority of
studies have combined both men and women to obtain overall patterns and were then investigating
the differences in dietary patterns scores by gender [14]. However, as emphasised by Northstone
and Emmett [15], a separate, gender-specific analysis of dietary patterns is highly recommended in
European populations. In their study, the authors derived four dietary patterns in men: ‘Health
conscious’, “Traditional’, Processed/confectionery’, and ‘Semi-vegetarian’. This study highlighted many
interesting and important gender-specific differences in dietary patterns, e.g., “Traditional’ pattern was
only evident in men, which indicated their strong preferences for traditional cooking, which were not
present in women [15]. Unfortunately, the health outcomes of the adherence to these patterns or the
associations with lifestyle factors have not been extensively explored.

Only a few studies attempted to investigate the associations between combined dietary-lifestyle
patterns and metabolic abnormalities in young males [2,16,17]. However, the dietary component that
was included in these studies was very limited, and comprised only few questions, usually regarding
fruit and vegetable consumption (as an indicator of a healthy diet), with other important food groups
being omitted. Nevertheless, the results from these studies provided valuable insight into clustering
of dietary and lifestyle behaviours, suggesting that both healthy and unhealthy behaviours tend to
cluster [14-17] and that the clustering of the least favourable to health behaviours was more prevalent
in men, from younger age groups, and of a lower socioeconomic status [14].
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To our knowledge, no previous studies included a broad range of dietary variables into the
analysis of combined lifestyle and dietary behaviours, in the context of metabolic health and in the
population of young men. The aim of this study was to examine the associations of dietary-lifestyle
patterns (DLPs) with adiposity and metabolic abnormalities in young Polish men. The demographic
that is described in this paper includes adult men up the age of 40. According to Levinson [18], this
age marks the end of the early adulthood era and opens up the mid-life transition. For simplicity, we
will refer to the group as young men throughout the paper.

2. Materials and Methods

2.1. Study Design and Participants

The study was designed as a cross-sectional with convenience sampling. The participants were
recruited through direct advertising, while using posters, leaflets, and communication with human
resources departments of local employers. The recruitment was carried out in public and private
sector workplaces that were located in Olsztyn city and around the city to cover urban, sub-urban,
and rural areas of Warmia and Mazury region. The intent was to recruit men from different age
groups, of all education levels and employment status (e.g., white vs. blue collars). The advertising
of the study included sites, such as university campus, city council, unemployment office, health
centres, retail, courier services, gas and electricity suppliers, etc., to achieve the maximum variability
of the study sample in regards to demographic and socioeconomic characteristics and best reflect the
structure of the general population. A proportion of recruited participants were enrolled through
further referrals. The participants who took part in the study were recommending the study to their
peers in person or through their social media channels. The inclusion criteria were: males, aged 1940,
with the cognitive ability to understand and respond to questions that were asked by the interviewer,
written consent to participate. The exclusion criteria were: females, and a cognitive impairment that
would not allow for understanding and responding to questions that were asked by the interviewer.
A total sample screened consisted of 385 men. In the preliminary analysis, a total of 26 men were
excluded from further analysis, due to missing data (n = 7), not meeting the age criterion on the day of
screening (n = 11), reporting cardiometabolic diseases: cardiovascular disease (1 = 4) and diabetes
(n =5). Although cardiometabolic diseases were not an exclusion criterion in the study, for the purpose
of this paper it was decided that affected men should be removed from further analysis, due to small
number of such subjects (9) and potential bias caused by the medication used. Figure 1 presents details
of the sample collection.

‘ Invitation ‘ ‘ Invitation ‘
‘ Screened sample n=253 ‘ ‘ Screened sample n=132 ‘
in 2017 in 2018
o - ™ ‘ Total screened sample n=385 ‘
Excluding participants due to:
* age >40 years (n=11) Data verification
* missing data (n=7) —
* diagnosed with diabetes (n=5) or
cardiovascular disease (n=4) ) ‘ Final sample n=358 ‘

e e

Figure 1. Study design and data collection.

All of the data regarding diet, lifestyle, and socioeconomic status were collected using
closed-question from KomPAN® questionnaire [19,20]. This multicomponent food frequency
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questionnaire was designed for a Polish population aged 15-65 years. KomPAN® has been assessed
in healthy and unhealthy subjects and confirmed to be a reliable tool with acceptable-to-very good
reproducibility [20]. The data were collected in 2017 (January to March) and 2018 (April to May),
during one-to one interviews with trained researchers.

2.2. Ethical Approval

The study was conducted within the Men’s Diet, Socioeconomic Status, and Health (MeDiSH)
Project, which was approved by the Bioethics Committee of the Faculty of Medical Sciences, University
of Warmia and Mazury in Olsztyn in December 8, 2016 (Resolution No. 45/2016) as an annex to ethical
approval obtained in June 17, 2010 (Resolution No. 20/2010). Written informed consent to participate
was obtained from all of the study participants.

2.3. Dietary and Lifestyle Behaviours

Data regarding the consumption frequency of 25 food groups were obtained. The respondents
could choose one of six categories (next converted into daily frequency): never (0 times/day), 1-3
times a month (0.06 times/day), once a week (0.14 times/day), few times a week (0.5 times/day), once
a day (1.0 time/day), or a few times a day (2.0 times/day), in accordance with questionnaire manual
guide [19].

Lifestyle behaviours regarded daily frequency of meals, physical activity, smoking, and screen
time. The respondents reported the number of daily eating occasions by choosing one from five
answers, starting from one meal/day to five meals or more a day. The respondents could choose
one of three categories to describe the level of physical activity at work or at school, as follows: (i)
low—over 70% of time sedentary; (ii) moderate—about 50% of time sedentary and 50% active; and, (iii)
higher—about 70% of time active or physical labour of high intensity. The respondents could choose
one of three categories to describe the level of recreational physical activity, as follows: (i) low—mostly
sedentary, watching TV, reading newspapers/book, light house works, walking for 1-2 h a week; (ii)
moderate—walking, cycling, exercise, gardening, or other light intensity physical activity for 2-3 h
a week; and, (iii) higher—cycling, running, gardening, or other sport activities that require physical
activity for more than 3 h a week. Past and current smoking had a dichotomous choice of answers:
yes or no. Screen time was assessed using question: ‘How many hours a day (on average) do you
spend watching TV or using a computer (including work)?’ The respondents could choose one of six
categories: < 2 h/day, 2 to < 4 h/day, 4 to < 6 h/day, 6 to < 8 h/day, 8 to < 10 h/day, and > 10 h/day. For
each answer of each lifestyle variable, separately, numerical values were assigned, as follows: 1, 2, etc.,
to used them in statistical analysis.

2.4. Adiposity and Metabolic Assessment

Trained researchers undertook the measurements of body weight, size, and according to the
International Society for Advancement of Kinanthropometry (ISAK) International Standards for
Anthropometric Assessment guidelines [21]. A professional equipment and measuring tape were used:
for measuring height—a portable stadiometer SECA 220, for weight—electronic digital scale SECA 799,
for waist circumference—stretch-resistant tape SECA 201 to measure on bare sin, just above the iliac crest,
for body fat and skeletal muscle mass (using bioelectrical impedance technique)—body composition
analyser SECA medical Body Composition Analyze (mBCA) 515. Adiposity was determined based on
several commonly used anthropometric indices: overweight (body mass index, BMI = 25-29.9 kg/m?),
central obesity (waist-to-height ratio, WHtR > 0.5), and general obesity (body fat > 25%) [22-24]. The
median values (Me) were applied to assess excessive visceral fat tissue (> Me of fat tissue volume, i.e.,
1.565 1) and increased skeletal muscle mass (> Me of body mass, i.e., 37%).

Measuring the concentration of fasting blood glucose (FBG), triglycerides (TG), and total cholesterol
(TC) in capillary blood was undertaken to collect the metabolic outcomes. The tests were performed
by piercing the fingertip to draw blood, applying the blood to a chemically active disposable test
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strip, and then placing it into an Accutrend Plus glucometer (Roche Diagnostic GmbH, Mannheim,
Germany). All of the tests were performed in the morning and the participants were asked to restrain
from eating or drinking (apart from water) up to 8-10 h before the appointment. The measurements of
systolic (SBP) and diastolic blood pressure (DBP) were taken. It was based on repeated measures using
electronic monitor (Omron M3 Intellisense Automatic Blood Monitor, Omron Healthcare, Mannheim,
Germany), according to the National Institute for Health and Care Excellence (NICE) procedures [25],
meaning that all of the measurements were being obtained in a uniform manner for each participant
to minimise the bias. Metabolic abnormalities were recorded if the following markers were elevated:
FBG > 100 mg/dL, TG > 150 mg/dL, TC > 200 mg/dL, or systolic or diastolic blood pressure > 130 or >
85 mmHg, respectively [26-28].

2.5. Confounding Variables

Literature on dietary patterns and health was reviewed to identify relevant confounders to prevent
the distortion of the true relationship between exposures and outcomes and minimize potential bias.
The considered confounding variables, which were used in further analysis, were age as continuous
variable and categorical socioeconomic variables: place of residence (four categories: village, town <
20,000, town 20,000 to 100,000, city > 100.000 inhabitants), education (three categories: lower secondary,
upper secondary, higher), and financial situation (four categories). Financial situation was assessed
while using the following question: ‘How would you describe your household’s overall situation?” Five
answers were given to choose one from: (i) “‘we do not have enough money for basic needs’—nobody
reported such situation; (ii) “‘we have to be very careful with our daily budget’; (iii) ‘we have enough
money for our daily needs, but we need to budget for bigger purchases’; (iv) ‘we have enough money
for our needs without particular budgeting’; and, (v) ‘we can afford some luxury’.

2.6. Statistical Analysis

Sample size calculation was based on the occurrence of adiposity and metabolic abnormalities.
A database that was collected in 2017 and covering 253 participants was used. Assuming a two-sided
significance level of 0.05 and 80% power to detect a 50% difference in the occurrence of adiposity and
metabolic abnormalities between two groups (moderate or higher adherence to the DLP vs. lower
adherence as reference), the sample size was, for example: 75 for overweight, 97 for elevated BP, 132
for elevated TC, 146 for general obesity, and 165 for elevated TG, per each group. Thus, taking the
use of multiple markers to assess adiposity and metabolic abnormalities into account, we have found
that the sample size was sufficient for detecting differences between groups, if they exist, except for
elevated FBG, which should be interpreted with caution.

Data were presented as percentages of the sample for categorical variables and the means and
standard deviations (SDs) for continuous variables with normal distribution (e.g., age, adiposity,
and metabolic markers) or medians and interquartile ranges (IQRs) for continuous variables without
normal distribution (e.g., food frequency consumption expressed in times/day). Before statistical
analysis, variables normality was verified with two tests: Kolmogorov-Smirnov test and Shapiro-Wilk
test. Differences between groups were verified with Pearson’s chi-squared for categorical variables, T
test for continuous variables with normal distribution or Kruskal-Wallis test for continuous variables
without normal distribution.

The DLPs were derived using Principal Component Analysis (PCA), with varimax normalized
rotation [29]. A total of 31 variables were included in the PCA: 25 dietary- and six lifestyle-related.
During the identification of the number of DLPs, the following criteria were considered: (i) the
eigenvalues of the variable correlations >1.0, (ii) the plot of eigenvalues, and (iii) the total variance
explained [29]. Rotated factor loadings with an absolute value > |0.30| were considered to be specific
to the given pattern and used to label the patterns accordingly. The higher values of factor loadings,
the stronger association between dietary or lifestyle variables and the DLP. For each subject and each
pattern, DLP scores were calculated as a product of factor loading and food frequency consumption
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(for dietary variables) or numerical categories assigned (for lifestyle variables). Next, for each DLP,
tertile intervals were calculated which aimed to categorise subjects” adherence to the patterns: subjects
that were located in the upper tertile were characterised as those with higher adherence to the pattern,
while subjects located in the bottom tertile as those with lower adherence. The percentage distribution
of adiposity and metabolic abnormalities was analysed across the tertiles of DLPs while using Pearson’s
chi-squared test.

Logistic regression verified the associations between DLPs and adiposity or metabolic outcomes.
The odds ratios (ORs) and 95% confidence intervals (95%CIs) were calculated. Two models were
created: crude and adjusted for potential confounders: age, place of residence, financial situation, and
education (see Section 2.4). The modelled variables (see Section 2.3) were:

(1) related to adiposity: overweight (reference (ref.): normal weight), central obesity (ref.: without),
general obesity (ref.: without), excessive visceral fat tissue > median of fat tissue volume (ref.: <
Me), and increased skeletal muscle mass > median of body mass percentage (ref.: < Me), and

(2) related to metabolic abnormalities: elevated FBG (ref.: not elevated), elevated TG (ref.: not
elevated), elevated TC (ref.: not elevated), elevated SBP or DBP (ref.: both not elevated), at least
two metabolic abnormalities (ref.: no metabolic abnormalities).

With respect to the subjects” adherence to the DLPs, the modelled categories were moderate or
higher adherence while reference category (OR = 1.00) was lower adherence (i.e., the bottom tertile).
The statistical analysis was performed while using STATISTICA software (version 10.0 PL; StatSoft Inc.,
Tulsa, USA; Krakow, StatSoft Polska). A p-value < 0.05 was considered to be statistically significant.

3. Results

3.1. Sample Characteristics

The consumption of at least four meals a day was reported by approx. 67% of the sample, high
level of physical activity at work or at school by approx. 18%, high level of recreational physical activity
by approx. 41%, and screen time lasting > 8 h/day by 28.5% (Table 1). Over 15% of men reported
consumption of foods with frequency a few times a day for: butter, refined bread, vegetables, milk, and
fruit, and over 40% of men never consumed: lard, energy drinks, and tinned meats (Table 2). Means
and medians (with interquartile ranges) of foods frequency consumption (times/day) can be found in
supplementary material (Table S1).

Table 1. Sample characteristic by sociodemographic and lifestyle variables and age groups.

Percentage of the Sample (%)

Variables Age Groups [Years] p-Value
Total 19-30 Years  31-40 Years
Number of subjects 358 176 182
Sociodemographic variables
Place of residence il
Village 20.4 26.1 14.8
Town (<100,000) 15.9 23.3 8.8
Big city 63.7 50.6 76.4
Education ERAk
Secondary or lower 419 58.0 26.4

Higher 58.1 42.0 73.6
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Table 1. Cont.

Percentage of the Sample (%)
Variables Age Groups [Years] p-Value

Total 19-30 Years 31-40 Years

Financial situation ! ns
Modest 27.1 26.2 28.0
Comfortably 64.2 61.9 66.5
Wealthy 8.7 11.9 5.5
Lifestyles behaviours
Number of meals per day ns
1-2 44 39 3.8
3 28.5 29.5 29.7
4 422 39.2 39.0
5 or more 249 274 27.5
Physical activity at work or
at school 2 s
Low 50.0 47.7 52.2
Moderate 31.8 33.0 30.8
High 18.2 19.3 17.0
Recreational physical "~
activity 3
Low 154 13.1 17.6
Moderate 43.8 36.9 50.5
High 40.8 50.0 31.9
Current smoking 15.9 18.2 13.7 ns
Smoking in the past 38.5 35.2 41.8 ns
Screen time (hours/day) 4 R
<2 10.9 8.0 13.7
2to <4 20.7 26.7 14.8
4 to <6 24.0 30.7 17.6
6 to <8 15.9 16.5 15.4
8 to <10 17.6 10.8 242
>10 10.9 7.4 14.3

1 Financial situation was assessed using the question: ‘How would you describe your household’s overall situation?’;
The ‘modest’ category consisted of two answers: ‘we have to be very careful with our daily budget’ and ‘we
have enough money for our daily needs, but we need to budget for bigger purchases’; The ‘comfortably’ category
consisted of one answer: ‘we have enough money for our needs without particular budgeting’; The ‘wealthy’
category consisted of one answer: ‘we can afford some luxury’. 2 Physical activity at work or at school was
categorised as follows: low—over 70% of time sedentary; moderate—about 50% of time sedentary and 50% active;
higher—about 70% of time active or physical labour of high intensity; > Recreational physical activity was categorised
as follows: low — mostly sedentary, watching TV, reading newspapers/book, light house works, walking for 1-2h a
week; moderate—walking, cycling, exercise, gardening, or other light intensity physical activity for 2-3 h a week;
higher—cycling, running, gardening, or other sport activities that require physical activity for more than 3 h a week;
4 Screen time was assessed using the question: ‘How many hours a day (on average) do you spend watching TV or
using a computer (including work)?” Statistical significance (Person’s chi-squared test): ** p < 0.01, *** p < 0.0001;
ns—statistically insignificant.

Overweight was found in approx. 45% of men, central obesity in approx. 40%, while general
obesity measured with body fat content in approx. 32% (Table 3). Among the metabolic outcomes, the
most common abnormality was elevated TC (approx. 34%), followed by elevated TG (approx. 30%),
and FBG (approx. 11%). Elevated diastolic or systolic blood pressure was found in almost 40% of the
sample, and two or more metabolic abnormalities in just over 20% of the study sample.
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Table 2. Sample characteristic by dietary behaviours (1 = 358).

Frequency Consumption (% of the Sample)

Foods ! N 1-3 Times a Once a Few Times Once a Few Times
ever Month Week a Week Day a Day
Butter 12.3 10.1 6.1 18.7 29.9 229
Refined bread 45 14.2 14.5 254 22.6 18.7
Vegetables 0.8 2.2 7.5 349 35.8 18.7
Milk 7.3 10.6 12.0 28.5 25.1 16.5
Fruit 0.0 3.9 12.6 33.2 35.2 15.1
Processed meats 3.1 3.1 12.0 41.3 29.6 109
Wholemeal bread 5.3 16.8 17.3 32.1 18.7 9.8
Refined groats 2.0 134 27.4 40.5 11.2 5.6
Sweets 25 12.8 249 324 229 45
Eggs 1.7 8.9 24.0 45.3 154 4.7
Fermented milk beverages 6.7 21.5 17.9 32.1 17.6 4.2
Sweetened drinks 12.6 38.3 20.1 17.3 7.8 3.9
White meats 1.4 4.5 13.7 62.8 14.0 3.6
Cheese 34 9.5 19.8 47.8 16.8 2.8
Cottage cheese 7.8 20.7 27.7 33.5 7.5 2.8
Fried foods 1.4 7.5 19.3 52.8 16.8 2.2
Wholemeal groats 7.0 32.7 215 27.1 9.8 2.0
Red meats 3.1 22.1 23.5 41.3 8.9 1.1
Energy drinks 50.8 34.1 6.7 7.3 0.6 0.6
Fish 34 37.2 41.3 15.9 1.7 0.6
Alcohol 5.3 35.8 37.7 19.3 1.7 0.3
Fast foods 9.5 64.2 18.7 7.0 0.3 0.3
Lard 62.0 26.3 6.7 45 0.3 0.3
Legumes 10.3 56.1 23.2 8.4 1.7 0.3
Tinned meats 41.3 45.8 9,5 2.2 1.1 0.0

! Foods sorted by sample percentages of ‘few times a day’ category.

Table 3. Sample characteristic by the occurrence of adiposity and metabolic abnormalities and age
groups: means (SD) and sample percentage distribution (%).

Variables Total Age Groups p-Value
19-30 Years 31-40 Years
Number of subjects 358 176 182
Age (years): mean (SD) 30.1(5.9) 24.8 (3.2) 35.2(2.5) R
Adiposity outcomes: mean (SD)
BMI (kg/m?) 26.0 (3.7) 25.3(3.8) 26.6 (3.4) i
WC (cm) 89.9(104)  87.4(10.4) 92.4 (9.9)
WHIR (-) 0.50 (0.06)  0.48 (0.06) 0.51 (0.06) el
Body fat (%) 222(68)  205(7.1) 23.9 (6.1)
Visceral fat tissue (1) 1.96 (2.21) 1.60 (1.88) 2.30 (2.44) **
Skeletal muscle mass (%) 36.8 (4.0) 37.8 (4.2) 359 (3.5) i
Adiposity outcomes: percentage of the sample (%)
Overweight (BMI = 25-29.9 kg/mz) 45.5 37.5 53.3 **
Central obesity (WHtR > 0.5) 40.5 26.1 544 i
General obesity (Body fat > 25%) 324 23.3 41.2 i
Excess of visceral fat tissue (> Me, i.e., 1.565 1) 50.6 36.4 64.3 il
Increased skeletal muscle mass (> Me, i.e., 37%) 50.0 61.9 38.5 i
Metabolic outcomes: mean (SD)

FBG (mg/dL) 85.0(13.4)  84.1(12.6) 85.9 (14.1) ns

TG (mg/dL) (19%331) 126.7 (77.7) 159.0 (114.5) **

TC (mg/dL) 185.6 175.2 (40.4) 195.7 (37.5) il

(40.2)
126.1
SBP (mmHg) (12.0) 125.1 (11.9) 127.1 (12.1) ns

DBP (mmHg) 774(095)  741(9.0) 80.6 (8.9)
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Table 3. Cont.

Age Groups

Variables Total p-Value
19-30 Years 31-40 Years
Metabolic outcomes: percentage of the sample (%)

Elevated FBG (> 100 mg/dL) 10.6 8.5 12.6 ns

Elevated TG (> 150 mg/dL) 29.6 244 34.6 ns

Elevated TC (> 200 mg/dL) 34.1 23.3 445 *xx

Elevated SBP (> 130 mmHg) or DBP (> 85 mmHg) 39.9 35.2 445

No metabolic abnormalities 279 37.5 18.7 *xx

1 metabolic abnormality 41.3 42.0 40.7 ns

2 metabolic abnormalities 20.7 12.5 28.6 X

3 metabolic abnormalities 8.7 7.4 9.9 ns

All metabolic abnormalities 1.4 0.6 2.2 ns

BMI—body mass index; WC—waist circumference, WHtR—waist to height ratio; DBP—diastolic blood pressure;
FBG—fasting blood glucose; TG—triglycerides; TC—total cholesterol; SBP—systolic blood pressure; SD—standard
deviation. Statistical significance (T test or Person’s chi-squared test): ** p < 0.01, *** p < 0.001, **** p < 0.0001;
ns—statistically insignificant.

3.2. Dietary-Lifestyle Patterns

Four dietary-lifestyle patterns were derived with a total variance explained of 32.2% (Figure 2,
Table 4; Supplementary Material: Table S2). The “Protein food, fried-food, and recreational physical
activity” pattern was characterized by the frequent consumption of white meats (factor loading = 0.70),
refined groats (0.65), eggs (0.57), red meats (0.51), fried foods (0.49), wholemeal groats and (0.37), as well
as more frequent meals throughout the day (0.37) and a higher level of recreational physical activity
(0.31). The “Sandwiches and convenient diet” pattern was characterized by the frequent consumption
of processed meats (0.72), white bread (0.63), butter (0.60), cheese (0.56), sweets (0.39), tinned meats
(0.33), and red meats (0.30). The “Fast foods and stimulants” pattern was characterized by frequent
consumption of sweetened beverages (0.58), energy drinks (0.52), alcohol (0.46), fast foods (0.39), and
less frequent consumption of fruit (—0.42) and vegetables (—0.31). Men from this pattern were also
described as current (0.62) and/or former (0.45) smokers. The “Healthy diet, active, past smokers”
pattern was characterized by the frequent consumption of fruit (0.57), vegetables (0.54), fermented milk
beverages (0.53), wholegrain bread (0.48), fish (0.46), cottage cheese (0.43), milk (0.42), wholegrain groats
(0.38), and legumes (0.37), as well as more frequent meals throughout the day (0.40), former smoking
(0.37), and higher level of physical activity at work or school (0.38) and in the recreational time (0.30).

The Supplementary Material (Tables 53-56) present the medians (interquartile range) and sample
distribution (%) of DLP components by adherence to each dietary-lifestyle pattern.

3.3. Associations between DLPs and Adiposity and Metabolic Outcomes

In the adjusted model, higher subjects” adherence (upper vs. bottom tertile as reference) to the
“Protein food, fried-food and recreational physical activity” pattern was associated with higher odds of
overweight (OR 2.22, 95% CI: 1.19-4.15) and increased skeletal muscle mass (2.02, 1.17-3.50), and lower
odds of: general obesity (0.23, 0.11-0.45), excessive visceral fat tissue (0.45, 0.26-0.79), and elevated
TC (0.44, 0.25-0.79). Higher subjects” adherence to “Healthy diet, active, past smokers” pattern was
associated with higher odds of overweight (3.35, 1.82-6.18) and lower odds of: general obesity (0.38,
0.19-0.74), excessive visceral fat tissue (0.51, 0.29-0.89), and elevated FBG (0.32, 0.11-0.92). Higher
subjects” adherence to the “Sandwiches and convenient diet” pattern was associated with higher odds
of: central obesity (1.99, 1.14-3.47), general obesity (3.45, 1.77-6.83), excessive visceral fat tissue (2.59,
1.48-4.54), elevated TC (2.72,1.53-4.86), elevated TG (1.87, 1.03-3.39), occurrence at least two metabolic
abnormalities 2.54 (1.20-5.39), and lower odds of increased skeletal muscle mass (0.53, 0.31-0.90).
Higher subjects” adherence to the “Fast foods and stimulants” pattern was associated with higher odds
of central obesity (2.07, 1.13-3.78), general obesity (4.76, 2.10-10.74), excessive visceral fat tissue (3.17,
1.65-5.98), and lower odds of increased skeletal muscle mass (0.48, 0.27-0.86) (Tables 5 and 6).
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Figure 2. Diagrams of factor loadings that characterise each dietary-lifestyle pattern identified with
principal component analysis. (A)—“Protein food, fried-food and recreational physical activity”
pattern; (B)—"“Sandwiches and convenient diet” pattern; (C)—"“Fast foods and stimulants” pattern;
(D)—"““Healthy diet, active, past smokers” pattern; Only factor loadings of >|0.30| are shown for
simplicity. Total variance explained by four dietary-lifestyle patterns is 32.2%. The factor loadings for
“lard” and “screen time” were <|0.30| in all factors, hence the data are not shown.
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Table 4. Distribution of dietary and lifestyle components of dietary-lifestyle patterns (DLPs) across higher adherence to the DLPs (% of the sample).

Higher Adherence to the DLPs

Significance of the

Components 1 of DLPs Protein Food, Fried-Food and Sandwiches and Fast Foods and Healthy Diet, Active, Relation between the
Recreational Physical Activity Convenient Diet Stimulants Past Smokers DLPs
(A) (B) © (D)
Number of the subjects 121 121 121 121
Frequency consumption of:
White meats—at least once a day 45 11 17 33 AorD>CorB
Refined groats—at least once a day 43 7 12 28 A>D>CorB
Eggs—at least once a day 47 6 17 36 AorD>C>B
Red meats—at least once a day 21 15 12 14 ns
Fried foods—at least once a day 35 25 27 18 A>D
Wholemeal groats—at least once a day 26 4 5 26 AorD>BorC
Processed meats—at least once a day 36 79 45 36 B>C>AorD
Refined bread—at least once a day 30 78 55 26 B>C>AorD
Butter—at least once a day 45 80 50 45 B>CorAorD
Cheese—at least once a day 21 42 27 18 B>CorAorD
Sweets—at least once a day 19 45 30 22 B>CorAorD;C>A
Tinned meats—at least 1-3 times/week 1 8 3 3 B>A
Sweetened drinks—at least once a day 11 22 29 7 C>AorD;B>AorD
Energy drinks—at least 1-3 times/week 12 8 21 3 C>BorD;A>D
Alcohol—at least 1-3 times/week 23 31 44 21 C>BorAorD
Fast foods—at least 1-3 times/week 7 9 18 2 C>BorAorD;B>D
Fruit—at least once a day 69 53 33 78 D>B>C,A>B>C
Vegetables—at least once a day 74 58 40 81 D>B>CA>B>C
Fermented milk beverages—at least once a day 36 17 21 43 D>CorB;A>CorB
Wholemeal bread—at least once a day 35 24 20 55 D>A>C
Fish—at least 1-3 times/week 34 12 15 40 D>CorB;A>CorB
Cottage cheese—at least once a day 19 12 11 19 ns
Milk—at least once a day 44 37 40 53 D>CorB
Legumes—at least 1-3 times/week 17 6 8 25 D>CorB;A>CorB
Lard—at least 1-3 times/week 8 4 3 7 ns
Lifestyles behaviours
5 or more meals per day 47 18 19 46 AorD>BorC
High recreational physical activity 64 28 41 59 AorD>C>B
Current smoking 35 22 44 21 CorA>BorD
Smoking in the past 35 45 64 53 C>BorA;D>A
High physical activity at work or at school 27 19 26 31 D>B
Screen time >8 h 16 34 20 16 B>CorAorD

! Components of DLPs are sorted by loading factors (drawn from principal component analysis) from 1st to 4th dietary-lifestyle pattern within dietary components and lifestyle components
(see Table S2 in Supplementary Material). Chosen categories of components of DLPs are presented. Bold font presents numerical data related to components of DLPs with factor loadings
> 0.30 (see Table S2 in Supplementary Material). Statistical significance (Person’s chi-squared test) at p < 0.05.
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Table 5. Adjusted ! associations between dietary-lifestyle patterns (DLPs) and adiposity (1 = 358): odds ratios (95% Confidence Intervals).

Overweight Central Obesity General Obesity Exca;s:tcr)lfi;:s:eral Inc;‘;a:sfde i};:::tal
Adherence 2 to DLPs (BMI = 25-29.9 kg/m?) (WHIR > 0.5) (Body Fat > 25%) Mo, i, ;5 651 . l\j[‘e’ e, 37%)
Ref.: 18.5-24.9 kg/m? Ref.: < 0.5 Ref.: <20% Ref.: < Me Ref.: < Me
Protein food, fried-food and recreational physical activity DLP
Lower 1.00 1.00 1.00 1.00 1.00
Moderate 1.02 0.54 ** 0.55 0.56 * 1.53
(0.56; 1.86) (0.31; 0.95) (0.28;1.09) (0.32;0.99) (0.88;2.66)
Higher 222* 0.65 0.23 **#* 0.45 ** 2.02%
(1.19; 4.15) (0.37;1.13) (0.11; 0.45) (0.26; 0.79) (1.17; 3.50)
Sandwiches and convenient diet DLP
Lower 1.00 1.00 1.00 1.00 1.00
Moderate 0.71 1.18 227% 1.87 % 0.54*
(0.39;1.28) (0.67;2.09) (1.12; 4.59) (1.06; 3.31) (0.31;0.94)
Higher 0.68 1.99 % 3.45 *xx* 2.59 *** 0.53 %
(0.39;1.21) (1.14; 3.47) (1.77; 6.83) (1.48; 4.54) (0.31; 0.90)
Fast foods and stimulants DLP
Lower 1.00 1.00 1.00 1.00 1.00
Moderate 0.89 1.42 1.84 1.68 0.81
(0.51; 1.56) (0.81; 2.49) (0.92; 3.65) (0.95; 2.95) (0.48; 1.39)
Higher 0.91 2.07* 4.76 *** 3.17 *** 0.48 *
(0.50; 1.65) (1.13; 3.78) (2.10; 10.74) (1.68; 5.98) (0.27; 0.86)
Healthy diet, active at work, past smokers DLP
Lower 1.00 1.00 1.00 1.00 1.00
Moderate 1.71 1.28 0.73 0.98 0.97
(0.94; 3.10) (0.73;2.25) (0.37;1.48) (0.55; 1.76) (0.55; 1.69)
Higher 3.35 *xx* 0.79 0.38 ** 0.51* 1.47
(1.82; 6.18) (0.45;1.39) (0.19; 0.74) (0.29; 0.89) (0.86; 2.51)

1 Odds ratios adjusted for age (continuous variable), place of residence (categorical variable), financial situation (categorical variable) and education (categorical variable); 2 Adherence
to the DLP is based on subjects’ tertile distribution: bottom tertile = lower adherence (used as the reference), middle tertile = moderate adherence, upper tertile = higher adherence;
BMI—body mass index; WHtR—waist to height ratio; Me—median; Statistical significance (Wald test): * p < 0.05, ** p < 0.01, *** p < 0.001, **** p < 0.0001.
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Table 6. Adjusted 1 associations between dietary-lifestyle patterns (DLPs) and metabolic abnormalities (1 = 358): odds ratios (95% Confidence Intervals).

Elevated FBG Elevated TG Elevated TC Elevated SBP (> 130 mmHg) At Least 2 Metabolic
Adherence 2 to DLPs (> 100 mg/dL) (> 150 mg/dL) (> 200 mg/dL) or DBP (> 85 mmHg) Abnormalities
Ref.: <100 mg/dL Ref.: < 150 mg/dL Ref: <200mg/dL  Ref.: SBP <130 and DBP < 85 Reli'LN° Metabolic
normalities
Protein food, fried-food and recreational physical activity DLP
Lower 1.00 1.00 1.00 1.00 1.00
Moderate 0.78 0.57 0.58 0.88 0.36 *
(0.32;1.91) (0.32;1.01) (0.33; 1.02) (0.51; 1.52) (0.16; 0.79)
Higher 1.05 0.63 0.44 ** 1.15 0.49
(0.43;2.57) (0.35; 1.13) (0.25; 0.79) (0.67;1.99) (0.23; 1.06)
Sandwiches and convenient diet DLP
Lower 1.00 1.00 1.00 1.00 1.00
Moderate 2.15 2.07 * 1.28 0.62 1.32
(0.84; 5.49) (1.13; 3.79) (0.70; 2.32) (0.37;1.07) (0.62; 2.83)
Higher 1.78 1.87* 2.72 *** 0.83 254 %
(0.69; 4.64) (1.03; 3.39) (1.53; 4.86) (0.48; 1.41) (1.20;5.39)
Fast foods and stimulants DLP
Lower 1.00 1.00 1.00 1.00 1.00
Moderate 1.11 0.90 1.40 0.86 1.02
(0.45; 2.75) (0.50; 1.61) (0.80; 2.45) (0.50; 1.47) (0.48;2.14)
Higher 1.23 1.68 1.59 1.41 1.41
(0.50; 3.04) (0.92; 3.05) (0.88; 2.89) (0.82; 2.43) (0.66; 3.01)
Healthy diet, active at work, past smokers DLP
Lower 1.00 1.00 1.00 1.00 1.00
Moderate 1.14 1.02 0.88 0.83 0.72
(0.51; 2.54) (0.57;1.81) (0.50; 1.56) (0.49; 1.42) (0.34; 1.54)
Higher 0.32*% 0.99 0.76 0.90 0.64
(0.11; 0.92) (0.54; 1.83) (0.43; 1.35) (0.53; 1.52) (0.29; 1.40)

1 Odds ratios adjusted for age (continuous variable), place of residence (categorical variable), financial situation (categorical variable) and education (categorical variable); 2 Adherence
to the DLP is based on subjects’ tertile distribution: bottom tertile = lower adherence (used as the reference), middle tertile = moderate adherence, upper tertile = higher adherence;
FBG—fasting blood glucose; TG—triglycerides; TC—total cholesterol; SBP—systolic blood pressure; DBP—diastolic blood pressure; Statistical significance (Wald test): * p < 0.05, ** p < 0.01,
4 p < 0.001.
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The Supplementary Material presents the occurrence of adiposity and metabolic abnormalities
(%) by adherence to each dietary-lifestyle pattern as well as crude associations (unadjusted models)
between dietary-lifestyle patterns (DLPs) and adiposity and metabolic abnormalities (Tables S7-59).

4. Discussion

Among the derived patterns, only the “Fast foods and stimulants” pattern was consistent in terms
of combining unhealthy dietary and lifestyle behaviours. Two patterns were composed of mixed
behaviours, e.g., healthy diet with some unhealthy lifestyle behaviours from the past (“Healthy diet,
active at work, past smokers”) or healthy lifestyle with only a relatively healthy diet (“Protein food,
fried-food, and recreational physical activity”). The “Sandwiches and convenient diet” pattern did
not include any of the lifestyle components. The results of this study revealed that dietary-lifestyle
patterns are associated with adiposity and metabolic health outcomes in young men. An increased
risk of obesity was observed among men with high adherence to the “Fast foods and stimulant”
and the “Sandwiches and convenient diet” patterns, with the latter also being associated with the
occurrence of metabolic abnormalities. “Protein food, fried-food and recreational physical activity”
and “Healthy diet, active, past smokers” patterns were associated with a reduced risk of obesity and
metabolic abnormalities.

The use of a data-driven approach facilitated the identification of new, unique patterns of dietary
and lifestyle behaviours in young men. Surprisingly, in this sex- and age-specific sample, dietary
behaviours were not entirely comparable with dietary patterns that were previously described in the
literature (such as “Western” or “Traditional” pattern) [30,31]. Only the dietary components of “Healthy
diet, active at work, past smokers” DLP were consistent with the composition of a dietary pattern
commonly labelled as “Prudent” [32,33]. Nevertheless, despite some similarities, the comparison to
previous reports is limited, since the patterns derived in the current study were also composed of
lifestyle components—absent in the traditional approach of studying dietary patterns.

The “Protein food, fried-food, and recreational physical activity” pattern that was composed of
predominantly dietary sources of protein was complemented by a high level of recreational physical
activity and consuming a higher number of meals a day. This specific pattern of dietary-lifestyle
behaviours was associated with the most desirable body composition parameters. The men from
this pattern were more likely to be overweight according to BMI, however extra body weight was
not a result of excessive body fat content (odds ratio: 0.23) or central obesity (by WC: 0.39), but it
was attributed to the higher skeletal muscle mass (2.02). The components of this pattern suggest
that men from this group complemented their recreational physical activity with a diet high in
protein, presumably to enhance the muscle protein synthesis during exercising. The adherence to this
dietary pattern was also associated with reduced risk of elevated total cholesterol (by 54%), which
suggested the potential health-promoting effect on the blood lipid profile. Interestingly, this pattern
was also comprised of less-desirable components, such as fried-foods, indicating that there were areas
worthwhile addressing, perhaps while formulating the recommendation for this group, e.g., opting
for grilled meat or partially replacing it with plant-based proteins, found in legumes. Furthermore,
including more fruit and vegetables in the diet could contribute to reducing the oxidative stress that is
associated with exercise [34]. Nevertheless, the observations within this pattern allow for a hypothesis
that physical activity might mitigate the effects of some dietary behaviours that are not in line with
dietary guidelines.

This observation was somewhat confirmed when analysing the associations between “Healthy
diet, active, past smokers” and adiposity-metabolic outcomes. The dietary components of this pattern
most closely matched the profile of dietary guidelines, and they were complemented by a higher
level of occupational and recreational physical activity, and regular meals. Interestingly, men with
the highest adherence to this pattern were also characterised as former smokers, which indicated that
a behavioural change had occurred at some point in their lives, directing them towards a healthier
lifestyle. The potentially alleviating effect of physical activity combined with healthy diet was observed
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in this pattern and it was reflected in the lower odds of central obesity (by WC: 0.33), excessive body
fat content (0.38) and lower volume of visceral fat tissue (0.51), as well as lower risk of elevated blood
glucose level (0.32). Similarly to the previously described pattern, a higher risk of being overweight
(3.35) was observed in this group, which suggested that the sole use of BMI is not sufficient for
identifying adiposity-related risks.

The two patterns that were associated with negative health outcomes were: “Sandwiches and
convenient diet” and “Fast food and stimulants”. Men with higher adherence to the “Sandwiches
and convenient diet” pattern had higher odds of central obesity (by WC: 2.78), excessive body fat
content (3.45), an excessive volume of visceral fat (2.59), accompanied by lower skeletal muscle mass
(0.53). Interestingly, the high adherence to this pattern was not reflected in the adiposity risks that
were assessed with BMI. This is of particular concern, since it is the most commonly used assessment
in clinical practice [35]. In this group of men, muscle mass was compensated with adipose tissue (most
likely centrally accumulated), which resulted in the absence of clear external clues; in the literature,
this phenotype is often described as TOFI (thin-on-the-outside fat-on-the-inside) [36]. Therefore, the
self-perceived obesity risk or health risks that were assessed in the medical setting could have been
masked, and not addressed with additional screening. As expected, men with a high adherence to this
pattern had the least favourable metabolic profile, with a high risk of elevated total cholesterol (2.72)
and triglycerides (1.87) concentrations. This was the only pattern without the lifestyle components,
which suggested that this group might not have been homogenous enough to reveal any correlations
between lifestyle and dietary behaviours. However, when the percentage distribution of study sample
across the tertiles of this DLPs was analysed (Supplementary Material: Table S4), it can be observed
that these men were characterised by a low level of physical activity at work and in their free time.
It could be hypothesized that men from this pattern had a sedentary type of job and displayed low
interest (or lack of time) in physical activity after work. Inactive behaviour was complemented with a
convenient diet, which was composed of bread, butter, cheese, processed meats, and sweets, which
suggested low diet variety and snacking throughout the day.

A pattern with the most undesirable dietary-lifestyle composition was characterised by the
frequent intake of sweetened beverages, energy drinks, alcohol, and fast foods, along with current and
past smoking, hence it was labelled “Fast foods and stimulants’. Surprisingly, the associations with
this pattern were only significant in terms of adiposity, but not with metabolic outcomes. Men with
higher adherence to this pattern were more likely to be obese (by BMI: 3.17; WC: 3.60), had high body
fat content (4.76) and excessive visceral fat tissue (3.17), and lower odds of higher muscle mass (0.48).
The clustering of unhealthy dietary behaviours is not uncommon. Previous studies concluded, that,
particularly in men, unhealthy diet clusters with substance use, which might have psychological, social
or biological background [37]. Perhaps, the age of men from this pattern played a role in postponing
health-related consequences.

4.1. Strengths and Limitations

To our knowledge, this is the first study to examine the associations between a broad range of
dietary (25 variables) and lifestyle (6) behaviours and metabolic health in the population of adult men
under 40. The study used multiple measures to assess adiposity status (including the assessment of
body composition using bioelectrical impedance technique with body composition analyser SECA
mBCA 515), thus confirming that a sole use of BMI might not detect early risks, especially if a higher
body mass results from a higher content of muscle mass.

Despite the moderate number of subjects (> 350), the sample size met the criteria for performing
multidimensional statistical analysis that requires ‘big data’, i.e., the recommended 10:1 subject-to-item
ratio for principal component analysis; in our study the ratio was 11.5:1, i.e., 358 of subjects, 31 of input
variables [38]. The sample size was also sufficient for regression analysis, including the ‘one in ten
rule’, for all of the independent variables. Furthermore, minimal sample size was calculated before
conducting the study and, next, its adequacy was checked for data covering all study participants
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(n = 358). The post-hoc statistical power was calculated. For example, when compared the occurrence
of overweight (39.8% vs. 55.4%), central obesity (52.2% vs. 35.5%), excess of visceral fat tissue (64.4%
vs. 39.7%), elevated TG (38.1% vs. 25.6%), or at least two metabolic abnormalities for extreme groups
of adherence, assuming a 5% significance level, the statistical power was 68%, 74%, 97%, 55%, or 86%,
respectively. In general, we have found that the sample size (n = 358) was sufficient for detecting
differences between groups, if they exist, with one exception. The occurrence of elevated FBG requires
a larger sample to detect the differences between groups, if they exist (for our data power 10% to 38%),
so these data should be interpreted with caution.

The main limitation of our study is the use of the descriptive qualitative food frequency
questionnaire (FFQ). This type of questionnaire does not provide information on the estimated
portion sizes, but it is widely used in studying dietary patterns, particularly in settings with limited
resources [39]. In Poland, there is only one validated semi-quantitative FFQ [40], however the process
of data collection with the use of this questionnaire is estimated to last between 3 to 4 h, which, from
our past experience, was discouraging to the respondents, compromising the quality of the reported
data. This, combined with extra time spent on data collection regarding socioeconomic status, medical
history, as well as blood tests and anthropometric measures, would result in a lower participation level.
Hence, we used a validated descriptive qualitative FFQ to minimise respondents’ burden and increase
the level of participation in the study, which, despite its limitations, is a quicker, inexpensive method,
previously shown to be correlated with data that were obtained with semi-quantitative FFQs [41-44].

Secondly, our estimations would be more precise and have higher external validity if a larger,
representative sample was recruited. It is uncertain how closely the recruited sample represents the
general population of Polish men 19-40-years-old, since it was not possible to carry out comparative
statistical analysis for demographic and socioeconomic variables (education, financial situation,
residence), due to the lack of national data for this specific subsample. The same applies to the
occurrence of adiposity and metabolic abnormalities. Nevertheless, the association of the specific
patterns with adiposity and metabolic abnormalities can be still analysed and its potential physiological
mechanisms may be further investigated.

Finally, it would be interesting to investigate the associations of the derived dietary-lifestyle
patterns with more advanced markers of metabolic health, such as detailed blood lipid profile
(high-density lipoproteins-HDL and low-density lipoproteins-LDL), hemoglobin Alc, and insulin
levels, as well as inflammation markers (e.g., interleukin-6, C-reactive protein) [45,46]. However, the
main aim of the current study was to identify dietary-lifestyle patterns in the population of men <40
and verify the associations with metabolic health, as measured with the simple, inexpensive tests,
listed as signposts of metabolic syndrome and commonly used in general medical practice. We hope
that our results provide a good basis for other researchers to design further investigations that combine
dietary-lifestyle patterns with more advanced biochemical markers.

4.2. Practical Implications

We believe that the results of our study have practical implications. Analysing the complex matrix
of lifestyle behaviours reveals its multicomponent and interconnected nature, which is not always
apparent. There is a possibility that the traditional approach in developing healthy lifestyle messages
might not meet the needs of certain groups of men. A better understanding of these matrices of
dietary and lifestyle behaviours in the targeted population might result in developing more effective
interventions, by correcting specific behaviours rather than the entire lifestyle.

Although the results of our study are an important literature contribution for both parties, public
health nutritionists, and clinicians, the findings do not have direct application in clinical practice. The
accurate mapping of dietary-lifestyle behaviours can serve as a tool for formulating evidence-based
recommendations, hence its application is more suitable for preventative care and health education
purposes. The main goal of our analysis was to investigate which combination of behaviours stipulate
the highest risk of metabolic abnormalities. Having this knowledge will help to predict, for example,
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that men <40 years old who smoke cigarettes, are very likely to drink energy drinks and eat fast-foods.
Hence, instead of providing standard dietary recommendations (e.g., increasing fruit and vegetable
intake etc.), perhaps more focus should be first placed on identifying how to tackle stimulant use,
and then the second step could include a gradual introduction of traditional dietary and lifestyle
recommendations. However, knowledge regarding which messages are effective for this group would
have to be evaluated in a separate study. The current paper only provides a population characteristics
and theoretical framework.

5. Conclusions

The novelty of our study lies in the identification of unique sets of coexisting dietary and lifestyle
behaviours in the population of men under 40 years old. Furthermore, these previously unmapped
mixtures of behaviours were associated with adiposity and metabolic health outcomes. In the study
sample, the interrelations between diet and lifestyle behaviours were reflected in three out of four
patterns. Interestingly, none of the patterns could be recognised as being unequivocally healthy. Our
findings strengthen previous evidence showing the association of healthy diet and active lifestyle
with a declined occurrence of adiposity and metabolic abnormalities. An unexpected result is that
healthy diet attempts combined with active lifestyle, at work or leisure time, were associated with
a reduced risk of adiposity and metabolic abnormalities, despite some unhealthy components, like
former smoking (“Healthy diet, active at work, past smokers”) or fried-food consumption (“Protein
food, fried-food and recreational physical activity”). On the contrary, patterns that were composed
of undesirable dietary behaviours solely (“Sandwiches and convenient diet”), as well as poor diet
combined with stimulant use (“Fast foods and stimulants”), were associated with higher adiposity and
worse metabolic health, despite the relatively young age of the study participants.

Similarly to research investigating the synergies between singular nutrients found in foods [47],
there is a need for exploring the synergies between diet and other lifestyle behaviours, and the
associations of these complex matrices with adiposity and metabolic health. Thus, our results give rise
to the design of further investigation by other researchers. Further studies could investigate a wider
range of metabolic health markers as an outcome of dietary-lifestyle patterns.
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Abstract: This study aimed to evaluate changes in diet, adiposity, and metabolic outcomes after two
years. In all, 358 Polish men aged 19-40 years old participated in the study. Data regarding dietary
and lifestyle characteristics as well as family, socio-economic, and demographic status were collected
using the food frequency questionnaire KomPAN®. Dietary lifestyle patterns were previously derived
from data for 358 men by principal component analysis (PCA). Changes over time were examined
in 95 men who returned after two years by calculating relative differences (RD, %) in mean values
and markers distribution. Diet quality was described with two predefined scores: pro-Healthy-
Diet-Index (pHDI) and non-Healthy-Diet-Index (nHDI). After two years, changes were observed
in diet quality and metabolic health markers. No significant changes were observed in family,
socio-economic, and demographic status, as well as other lifestyle factors. In the “sandwiches and
convenience foods” pattern, an nHDI decrease (RD = —25.3%) was associated with a fasting blood
glucose decrease (RD = —6.1%). In the “protein food, fried-food and recreational physical activity”
and the “healthy diet, activity at work, former smoking” patterns, pHDI decreases (RD = —13.6% and
—14.6%, respectively,) were associated with an adiposity increase. In the “fast foods and stimulants”
pattern, no changes in pHDI and nHDI were observed, while adiposity markers and systolic blood
pressure worsened. Conclusion: in the two-year perspective, dietary improvement was associated
with improved glycemic control, despite no changes in body weight, while worsening of the diet
quality or maintenance of unhealthy dietary behaviours were associated with the deterioration of
metabolic health.

Keywords: adiposity; dietary-lifestyle patterns; men; metabolic; principal component analysis

1. Introduction

Early adulthood begins in the early twenties and ends around the age of 40 [1]. During
this critical stage of life, the biological, psychological, and societal transitions that occur
(e.g., obtaining a degree, choosing a career, starting a family) can shape and establish
long-term lifestyle behaviours, with a potentially detrimental effect on health [2,3]. It has
been well documented that in this age group, the prevalence of some non-communicable
diseases is higher in men, in particular, acute myocardial infarction, sudden cardiac death,
stroke, and hypertensive diseases [4-7]. A large proportion of these cases may stem from an
unhealthy lifestyle, which again, is more prevalent among young men [8]. In the American
cohort of young adults (age 24-32), a significantly higher proportion of men than women
presented risky health behaviours such as more frequent fast-food consumption, binge
drinking, smoking, cannabis use, avoiding medical appointments, and illegal drug use [8].
These behaviours can have a lasting effect on health, especially if two or more behaviours
coexist [9].
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Historically, the effect of each lifestyle factor on health was investigated in isolation,
in particular the effects of the so called ‘'SNAP’-smoking, nutrition, alcohol, and physical
activity [10]. In reality, people engage in a mixture of unhealthy or protective behaviours
that may have additive or synergistic effects on health. Understanding the interactions be-
tween various (often unexpectedly co-occurring) behaviours might be crucial in identifying
groups at risk and estimating the overall health risks. For example, a recent study showed
that in older adults, prolong sitting times alone had little effect on all-cause mortality
(HR = 1.15), while prolonged sitting among physically inactive adults increased this risk
over twofold (HR = 2.42) [11]. It is not fully understood what the mechanistic background
of lifestyle factor interactions are, but some have suggested that it could be due to a chronic
inflammatory response triggered by joint exposure [12,13].

Fairly new statistical approaches in lifestyle science, based on exploratory data, allow
for the capture of real-life-scenario clusters of behaviours in various populations, without
pre-defined assumptions of which behaviours are expected to be coexistent [14]. This
holistic approach of looking at lifestyle risk factors as clusters of behaviours has been
previously used in relation to cardiometabolic health and obesity [15-17]; however, the
clustering of lifestyle behaviours in young men have still not been fully explored.

It has been shown that dietary patterns are relatively stable over time. In the sample of
American men aged 40-75, two major patterns were identified-Prudent and Western—-which
remained fairly stable when re-examined after a year (correlation coefficients of 0.70 and
0.67, respectively) [18]. The retention of unhealthy dietary behaviours may contribute to
adverse health outcomes in later life. As it has been shown in the same cohort of men, after
an eight-year follow-up, the risk of coronary heart disease displayed an increasing trend
parallell to the increasing adherence to the Western pattern [19]. The studies on dietary
pattern tracking (measuring consistency of dietary behaviours between at least two points
in time, [20]) have also shown the worrying trend that diet quality worsens over time in
adolescent males with adherence to the Western pattern as they enter adulthood, which is
not as apparent among females of the same age [21].

The limitations of previous studies are twofold. The majority of the previous studies
considered dietary or lifestyle behaviours in isolation [10,22,23]. In this study, we proposed
the application of a holistic approach of looking at the empirically derived clusters of
dietary patterns combined with lifestyle behaviours (physical activity at work and leisure
time, smoking, alcohol use, and meal frequency) using an exploratory approach. This
way, it is possible to reveal often unexpected combinations of behaviours, that truly ex-
ist in the studied population, and investigate how these unique clusters are associated
with studied outcomes [24]. Secondly, dietary and lifestyle behaviours are sex- and age-
specific [25]. While several studies examined dietary pattern tracking in adolescence or
older age groups [26-29] not much research has been done with regard to males in early
adulthood. Hence, we decided to focus on a group of men from a relatively narrow age
group to provide a more focused view on this demographic group.

This study aimed to examine the changes in diet quality after two years’ time and the
associations of those changes with adiposity and metabolic outcomes. Identifying groups
at risk can help in the design of lifestyle interventions which target specific demographics
and specific clusters of behaviours.

2. Materials and Methods
2.1. Study Sample

A total of 358 men from the Warmia and Mazury region (Poland), aged 19-40 years
old were analysed in this study (Figure 1) [30,31]. Details of the sample recruitment have
been previously reported [31]. In brief, the study was publicly advertised using posters,
social media advertising, and through direct contact with local businesses and council,
inviting male employees to participate in the study. The main goal during recruitment
was to obtain the maximum variability of the study sample in terms of sociodemographic
characteristics to reflect the structure of the general population. The inclusion criteria were:
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males between 19 and 40 years old, with a cognitive ability to understand and respond
to questions that were asked by the interviewer and who provided a written consent to
participate. The exclusion criteria were: females, and a cognitive impairment that would
prevent participants from understanding and responding to questions that were asked by
the interviewer [30,31].

Invitation Baseline

|
l l

Excluded due to:
* Age>40 years (n=11)
* Missing data (n=7)

(n=5) or CVD (n=4)

* Diagnosed with diabetes

2017 (n=253) 2018 (n=132)

Assessed for eligibility (n=385)

* Data collection

Final baseline sample (n=358) * Drowing of dietary-lifestyle

atterns
| -

Invitation Follow-up (n=358)

| L

Returned in 2019 (n=65)

Returned 2020 (n=39)

l 1

Assessed for eligibility (n=103)

Excluded due to:

* Missing data (n=8)

Final follow-up sample (n=95)

Data collection

Data regarding adiposity and metabolic outcomes as well as family, socio-economic,
and demographic status, and dietary and lifestyle characteristics were collected through
structured interviews using the validated food frequency questionnaire KomPAN® [32,33].
All data were collected in two time points during one-to-one interviews with trained
researchers [31]. Baseline data were collected in 2017 (January to March) and 2018 (April to
May), while follow-up data were collected in the Spring of 2019 and 2020.

Figure 1. Study design and data collection.

2.2. Dietary and Lifestyle Behaviours

Dietary data examined the consumption frequency of foods commonly consumed in
the Polish population, which were grouped into 25 food categories. The participants were
asked to choose how often they consumed each type of food within the past 12 months.
Available frequency answers were converted into daily frequencies and consisted of:
never (0 times/day), 1-3 times a month (0.06 times/day), once a week (0.14 times/day),
a few times a week (0.5 times/day), once a day (1.0 time/day), or a few times a day
(2.0 times/day); more details can be found in the questionnaire manual guide [32].

Diet quality was described with two diet quality scores: pro-Healthy-Diet-Index
(pHDI) and non-Healthy-Diet-Index (nHDI) [32,33]. Both diet quality scores were calculated
as a sum of daily frequencies (in times/day) of food items consumption. The pHDI included
10 items representing potentially pro-healthy foods (wholemeal bread, wholegrain groats,
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milk, fermented milk drinks, cottage cheese, white meat, fish, legumes, fruit, vegetables)
with the total score range: 0-20 times/day. The nHDI included 14 food items representing
potentially unhealthy foods (white bread, refined groats, fast-foods, fried foods, butter, lard,
cheese, cured meat, red meat, sweets, tinned meat, sweetened beverages, energy drinks,
alcohol) with the total score range: 0-28 times/day. Both diet quality scores were converted
to unify the total score range to 0-100 points for each of them. The following formulas were
used [32,33]:

pHDI (in points) = (100/20) x the sum of frequency of 10 food items consumption (times/day)

nHDI (in points) = (100/28) x the sum of frequency of 14 food items consumption (times/day)

Lifestyle behaviours included daily meals frequency, level of physical activity, smoking,
and screen time. The answer categories are displayed in Supplementary Material: Table S1.

2.3. Dietary-Lifestyle Patterns (DLPs)

The DLPs were previously derived from data for 358 men using Principal Component
Analysis (PCA), with varimax normalized rotation [31,34]. A detailed description of
identified DLPs was reported elsewhere [31]. In brief, 31 variables were included in the
PCA consisting of 25 dietary variables and six lifestyle-related variables. To identify the
final number of DLPs, the following criteria were considered: (i) the eigenvalues of at
least 1.0, (ii) scree plot, and (iii) the total variance explained [34]. Items that had factor
loadings > 10.301 were used to label the patterns. The higher the values of factor loadings,
the stronger association between dietary or lifestyle variables and the DLP. Four previously
derived dietary-lifestyle patterns explained 33.2% of the variance and were labelled as
follows: “protein food, fried-food and recreational physical activity” (12.5% of the explained
variance), “sandwiches and convenience foods” (7.8%), “fast foods and stimulants” (6.4%),
“healthy diet, activity at work, former smoking” (5.5.%) [31]. Components of each of
the DLPs can found in Figure 2. Next, based on tertile distribution, participants were
categorised into three categories (lower, middle, upper tertile) reflecting the adherence to
the patterns: the higher the tertile, the higher the adherence to the pattern.

2.4. Adiposity and Metabolic Outcomes

Adiposity and metabolic outcomes were investigated in two time points: at base-
line and after two years. Details were previously described [31]. In brief, to measure
body weight and body size, the International Society for Advancement of Kinanthro-
pometry (ISAK) International Standards for Anthropometric Assessment guidelines were
followed [35]. The equipment used included: a portable stadiometer SECA 220 (height),
electronic digital scale SECA 799 (weight), stretch-resistant tape SECA 201 (waist circumfer-
ence), SECA medical Body Composition Analyzer (mBCA) 515 (body composition, visceral
fat tissue and muscle mass). Adiposity was assessed using commonly used anthropometric
indices: overweight (body mass index, BMI = 25-29.9 kg/m?), central obesity (waist-to-
height ratio, WHtR > 0.5), and general obesity (body fat > 25%) [36-38]. The median
values (Me) were applied to assess excessive visceral fat tissue (>Me of fat tissue volume,
i.e., 1.565 1) and increased skeletal muscle mass (>Me of body mass, i.e., 37%) [31].

The metabolic outcomes included the concentration of fasting blood glucose (FBG),
triglycerides (TG), and total cholesterol (TC) in capillary blood. All tests were performed
in the morning in a fasting state. The measurements of systolic (SBP) and diastolic blood
pressure (DBP) were taken using electronic monitor (Omron M3 Intellisense Automatic
Blood Monitor, Omron Healthcare, Mannheim, Germany) and determined in line with the
National Institute for Health and Care Excellence (NICE) procedures [39]. Metabolic abnor-
malities were based on the following cut-off points: FBG > 100 mg/dL, TG > 150 mg/dL,
TC > 200 mg/dL, or systolic or diastolic blood pressure >130 or >85 mmHg, respec-
tively [40-42]
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Figure 2. Black dots represent numerical values of factors loadings characterising each dietary-lifestyle pattern identified with principal component analysis [25].

Bold font represents items with factor loading >10.301.
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2.5. Family, Socio-Economic and Demographic Variables

The family, socio-economic, and demographic statuses, were reflected using objec-
tive and subjective measures. The considered variables included the place of residence,
economic status, and education. Variables referring to family status included: being in
a relationship and having children. A detailed description of KomPAN® questionnaire
categories [32] can be found in the Supplementary Material.

2.6. Statistical Analysis

Categorical variables were presented as percentages and continuous variables as
means with standard deviations (SDs). Before the statistical analysis, the normality of all
variables was verified using Kolmogorov—-Smirnov and Shapiro-Wilk tests. To investigate
the differences between groups (e.g., between total sample vs. sub-sample; between before
vs. after 2 years), Pearson’s chi-squared test was used for categorical variables and ¢-test
for continuous variables (paired f-test when appropriate). To investigate the differences in
health outcomes after two years, relative differences were calculated:

Fi — Initi
relative difference (RD, %) = inal wllfzbifial DZ;ZSZ oalue x 100 1)

For all tests p-value < 0.05 was considered as significant. Statistical analyses were
carried out using STATISTICA software (version 10.0 PL; StatSoft Inc., Tulsa, OK, USA;
StatSoft Polska, Krakéw, Poland).

3. Results
3.1. Sociodemographic Sample Characteristics

The mean age of all study participants at baseline (n = 358) was 30.1 years old (Table 1).
In the total sample, a larger proportion was from urban areas (64%), with comfortable
or wealthy economic status (73%), with higher education (58%) and working physically
(58%). In terms of family status, 65% declared being in a relationship and 37% of men had
children. The subsample of men who returned to the study after two years (n = 95) was
examined against the total sample (n = 358). The differences at baseline were related to
age (30.1 vs. 31.8, total sample vs. subsample at baseline, respectively), place of residence
(36% vs. 25% from villages and towns) education (42% vs. 28% with secondary or lower
education) and screen time (44% vs. 28% with 6 h or more/day). No differences were
identified within the subsample (n = 95) at baseline and follow-up, apart from an expected
increase in age of approx. two years. To address attrition bias, characteristics of drop
out cohort were compared with the characteristics of men who returned for the study
(Supplementary material; Table S2). No differences between the groups were detected in
terms of lifestyle behaviours (with exception to screen time) and adiposity characteristics.
The only differences were related to lipid profile, place of residence and education: those
who did not return had lower cholesterol levels, higher triglyceride concentrations and
were more likely to be younger, with lower education and living in small towns and rural
areas (Table S2).
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Table 1. Total sample and sub-sample characteristic: family socio-economic, demographic status
lifestyle factors, diet, adiposity and metabolic outcomes in total sample and sub-sample (means and
SD or number of subjects and % of the sample).

Variables Total Sample Sul;;sfzr;ple p-Value # i;ltle);sza\r{r; El: p-Value §
Number of subjects 358 95 95
Socio-economic and demographic status
Age (years) ¥ 30.1(5.9) 31.8 (5.3) 0.011 33.7 (5.3) 0.014
Age groups: n (%) 0.001 0.035
19-30 years 43 25 13
3140 years 57 75 83
Place of residence 0.044 0.626
Villages and towns 36 25 22
Big cities 63 75 78
Economic status 0.439 0.214
Modest 27 31 23
Comfortable or wealthy 73 69 77
Education 0.013 0.530
Secondary or lower 42 28 24
Higher 58 72 76
Family status (%)
In relationship 0.141 0.524
Yes 65 73 77
No 35 27 23
Having children 0.285 0.129
Yes 37 43 54
No 63 57 46
Lifestyle factors
Number of meals per day 0.268 0.529
Three or less 34 28 33
Four or more 66 72 67
Physical activity at work 0.862 0.783
or school
Low 50 51 53
Moderate or high 50 49 47
Rereutlizrtz;;lifyhysicul 0.354 0.054
Low 16 20 10
Moderate or high 84 80 90
Current smoking 0.471 0.824
Yes 16 13 12
No 84 87 88
Smoking in the past 0.722 1.000
Yes 39 37 37
No 61 63 63
Screen time 0.015 1.000
6 h per day or more 44 58 58

Less than 6 h 56 42 42
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Table 1. Cont.

Sub-Sample Sub-Sample

Variables Total Sample before p-Value * after 2 Years p-Value $
Diet quality scores: mean (SD)
pHDI 25.4 (11.6) 25.0 (10.8) 0.761 24.4 (9.8) 0.555
nHDI 19.7 (7.9) 189 (8.1) 0.371 17.4 (8.3) 0.086
Adiposity outcomes: mean (SD)

BMI [kg/m?] 26.0 (3.7) 26.1(3.2) 0.751 26.4 (3.6) 0.111
WC [cm] 89.9 (10.4) 90.5 (9.9) 0.642 92.7 (10.4) 0.002
WHIR [-] 0.50 (0.1) 0.50 (0.1) 1.00 0.51 (0.06) 0.002

Body fat [%] 22.2(6.8) 23.2 (6.7) 0.202 23.6 (6.4) 0.246

Visceral fat tissue [1] 1.96 (2.2) 2.1(3.2) 0.620 22(1.5) 0.731
Skeletal nﬁus‘ﬂe 38.8(3.2) 38.3 (3.2) 0.177 37.8 (3.8) 0.063
mass [%]
Metabolic outcomes: mean (SD)

FBG [mg/dL] 85.0 (13.4) 85.5(12.3) 0.743 83.6 (14.3) 0.288

TG [mg/dL] 143.1 (99.3) 125.4 (75.8) 0.107 136.0 (87.4) 0.378

TC [mg/dL] 185.6 (40.2) 193.5 (34.8) 0.081 197.6 (42.1) 0.309

SBP [mmHg] 126.1 (12.0) 126.9 (13.2) 0.572 132.1 (13.0) 0.001

DBP [mmHg] 774 (9.5) 779 (9.4) 0.648 79.0 (9.1) 0.160

¥ mean (standard deviation, SD); p-value of Pearson’s chi-squared test (for categorical variables) or t-test (for

continuous variables); # vs. total sample; § vs. sub-sample before.

Differences were identified between younger and older age group within the sample at
baseline, in terms of place of residence, education, relationship status and having children
(Supplementary material: Table S3). Younger (19-30 year) and older (3140 year) age
groups did not differ in terms of economic status and type of work.

3.2. Sample Characteristics: Dietary, Adiposity and Metabolic Outcomes

The subsample of men who returned for the follow-up assessment (n = 95) did not
differ significantly at baseline from the total baseline sample (n = 358). The only difference
was observed in terms of percentage of men with elevated total cholesterol (45% in the
subsample vs. 34% in the total sample), but no difference was observed when mean values
between the groups were compared (p = 0.081). After two years, an increase was observed
in the mean values of WC (90.50 cm vs. 92.7 cm, before and after, respectively), WHtR
(0.50 vs. 0.51), SBP (126.9 mmHg vs. 132.1 mmHg), and the percentage of men with excess
visceral fat tissue (53% vs. 69%, before and after respectively).

3.3. Changes in Family Socio-Economic Status, Demographic Status and Lifestyle Factors after
2-Years across the DLP Patterns

Relative differences in family socio-economic status, demographic status, and lifestyle
factors after two years across the DLP patterns are presented in Table 2. No significant differ-
ences were observed over two years in the upper tertiles of each dietary-lifestyle pattern.
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Table 2. Relative differences (RD, %) for means or % of the sample within sub-sample with higher adherence to each pattern in family socio-economic and
demographic status, by dietary lifestyle patterns *: before vs. 2 years after.

Protein Food,

Fried-Food and Sandvx-rlches Fast Foods and Healthy Diet, Activity
. Sub-Sample (n = 95) . . and Convenience Foods . at Work, Former
Variables Recreational Physical Stimulants (n = 23) .
. . (n=31) Smoking (n = 30)
Activity (n = 32)
RD p-Value RD p-Value RD p-Value RD p-Value RD p-Value
Diet quality scores
pHDI 8.3 0.555 —13.6 0.011 18.6 0.576 14.8 0.953 —14.6 0.005
nHDI 1.3 0.086 —0.8 0.270 —25.3 <0.001 -7.0 0.151 6.1 0.328
Socio-economic and demographic status
Age (years) ¥ 6 0.014 6 0.187 6 0.142 6 0.306 6 0.119
Age 19-30 years (vs. 31-40 years) —48 0.035 -29 0.396 -17 0.756 -23 0.536 -26 0.519
Place of residence: Vclﬂfegs‘;s and towns (vs. big ~12 0.626 ~11 0.777 ~10 0.776 ~37 0.326 35 0.519
Economic status: Modest (vs. comfortable or _26 0.214 0 1.00 54 0.082 _57 0.153 0 1.00
wealthy)
Education: Secondary or lower (vs. higher) —14 0.530 17 0.590 —34 0.374 -19 0.552 —15 0.766
Family status
In relationship Yes (vs. No) 5 0.524 —48 0.140 —4 0.776 14 0.522 3 0.640
Having children Yes (vs. No) 26 0.129 20 0.453 33 0.200 46 0.238 8 0.780
Lifestyle factors

Number of meals per day: 4 or more (vs. 3 or less) 18 0.529 433 0.086 -9 0.788 -19 0.552 143 0.228
Physical activity at work or school 4 0.783 32 0.434 7 0.793 23 0.552 21 0.592

Low (vs. moderate or high)
Rereational physical activity ~50 0.054 0 1.00 —54 0.082 —43 0.300 ~100 0.313

Low (vs. moderate or high)
Current smoking Yes (vs. No) -8 0.824 117 0.391 -32 0.490 —49 0.116 0 1.00
Smoking in the past Yes (vs. No) 0 1.000 23 0.599 0 1.00 0 1.00 -9 0.602
Screen time 0 1.000 21 0.606 0 1.00 -8 0.768 16 0.598

6 h per day or more (vs. less than 6 h)

# Comparison of the means or % of the sample within the higher levels of adherence (i.e., upper tertiles) to each dietary-lifestyle pattern; ¥ difference in mean (standard deviation, SD);
p-value of Pearson’s chi-squared test (for categorical variables) or paired t-test (for continuous variables.
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3.4. Changes in Diet, Adiposity and Metabolic Outcomes after 2-Years across the DLP Patterns

Relative differences in diet quality, adiposity, and metabolic outcomes after two years
across the DLP patterns are presented in Table 3. Among men with higher adherence to
the “protein food, fried-food and recreational physical activity’ pattern, a decrease in diet
quality was observed, expressed as lower scores of pHDI (RD = —13.6%, p = 0.011) as well
as an increase of the proportion of men with an excess of visceral fat tissue (RD = 68.3%,
p = 0.024). Among men with higher adherence to the ‘sandwiches and convenience foods’
pattern a decrease in nHDI was observed (RD = —25.3%, p < 0.001) suggesting a reduction
in unhealthy dietary behaviours (i.e., diet quality improvement). Also, a reduction in
the mean value of FBG was observed (RD = —6.1%, p = 0.014). Among men with higher
adherence to the ‘fast foods and stimulants’ pattern the diet quality measured by the pHDI
and nHDI did not change after two years. A significant increase was observed across
the mean values of WC, WHtR and SBP (RD = 4.4%, p = 0.003; RD = 4.5%, p = 0.003 and
RD = 5.1%, p = 0.047, respectively), as well as a higher proportion of men with central
obesity, the excess of visceral fat tissue that elevates SBP or DBP (RD = 45.8%, p = 0.002,
RD =36.8%, p = 0.020 and RD = 27.9%, p = 0.011, respectively). Unexpectedly, a decrease in
the percentage of men with elevated FBG was observed (RD = —76.5%, p = 0.004). Lastly,
among men with higher adherence to the ‘healthy diet, activity at work, former smoking’
pattern, a decrease in diet quality (for pHDI) was observed (RD = —14.6%, p = 0.005) as
well as an increase in mean values of WC, WHtR and visceral fat tissue (RD = 3%, p = 0.045;
RD =3.4%, p =0.024 and RD = 72.4%, p = 0.026 respectively). Also, an increase was observed
in the percentage of men with the excess of visceral fat tissue (RD = 82.5%, p = 0.009).
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Table 3. Relative differences (RD, %) for means or % of the sample within sub-sample with higher adherence to each pattern in adiposity and metabolic outcomes by
dietary lifestyle patterns *: before vs. 2 years after.

Sub-Sample Il{’rotein. Fooldi)irie.d-l;(j:d .ar.ld gegldwichhes Fast Foods and I-J\e’:allt(hyll: Diet, A;ctivli(ty at
Variables (1 = 95) ecreatlona(n T g;;ca ctivity ar;: ¢ (;):(x;:er;l;i\)ce Stimulants (n = 23) ork, (;;n;e;o)mo ing
RD p-Value RD p-Value RD p-Value RD p-Value RD p-Value
Diet quality scores
pHDI 8.3 0.555 —13.6 0.011 18.6 0.576 14.8 0.953 —14.6 0.005
nHDI 13 0.086 -0.8 0.270 —25.3 <0.001 -7.0 0.151 6.1 0.328
Adiposity outcomes
BMI 1.1 0.111 1.6 0.251 0.4 0.903 2.4 0.076 11 0.222
WC 2.7 0.002 2.6 0.098 12 0.559 44 0.003 3.0 0.045
WHIR 2.6 0.002 25 0.085 1.0 0.608 4.5 0.003 3.4 0.024
Body fat 5.2 0.246 9.7 0.330 0.0 0.516 1.8 0.557 3.7 0.500
Visceral fat tissue 68.2 0.731 100.1 0.099 35.5 0.494 48.8 0.659 724 0.026
Skeletal muscle mass -13 0.063 -12 0.248 -0.1 0.731 -1.0 0.280 —0.8 0.247
Metabolic outcomes
FBG —0.6 0.289 6.5 0.352 —6.1 0.014 -3.5 0.200 49 0.600
TG 315 0.378 37.1 0.284 343 0.183 14.2 0.680 18.5 0.939
TC 41 0.309 2.6 0.683 2.8 0.762 6.1 0.181 —0.6 0.626
SBP 3.4 0.001 3.1 0.088 34 0.062 5.1 0.047 3.0 0.058
DBP 19 0.160 1.8 0.301 —0.4 0.710 3.8 0.187 15 0.500
Adiposity abnormalities occurence
Normal weight (BMI = 18.5-24.9 kg/m?) —2.6 0.887 -10.7 —13.5 —23.1 0.0
Overweight (BMI = 25-29.9 kg/m?) -3.8 0.783 —83 0.207 219 0.854 333 0.674 —82 0.578
Obesity (BMI > 30 kg/m?) 444 0.378 - 0.0 -22.7 233.3
Central obesity (WC > 102 c¢m) 5.9 0.853 0.0 1.00 —174 0.755 34.6 0.178 —57.1 0.554
Central obesity (WHtR > 0.5) 23.3 0.168 29.3 0.316 0.0 1.00 45.8 0.002 54.1 0.121
General obesity (Body fat > 25%) 2.6 0.887 54.5 0.266 —18.8 0.44 0.0 1.00 35.0 0.541
Excess of visceral fat tissue (>Me, i.e., 1.565 1) 30.2 0.024 68.3 0.024 29.1 0.189 36.8 0.020 82.5 0.009

Increased skeletal muscle mass (>Me, i.e., 37%) —-1.6 0.887 —11.1 0.376 0.0 1.00 —6.6 0.575 —-7.2 0.519
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Table 3. Cont.

Protein Food, Fried-Food and

Sandwiches

Healthy Diet, Activity at

Sub-Sample Recreational Physical Activity and Convenience Fast Foods and Work, Former Smoking
Variables (n=95) (n=32) Foods (n = 31) Stimulants (n = 23) (n =30)
RD p-Value RD p-Value RD p-Value RD p-Value RD p-Value
Metabolic abnormalities occurence
Elevated FBG (>100 mg/dL) —-222 0.601 200.0 0.302 —76.9 0.162 —76.5 0.004 0.0 1.00
Elevated TG (>150 mg/dL) 29.2 0.329 0.0 1.00 73.7 0.246 50.0 0.056 174 0.766
Elevated TC (>200 mg/dL) 6.7 0.663 39.5 0.209 10.9 0.607 0.0 1.00 —20.0 0.436
Elevated SBP (>130 mmHg) or DBP (>85 mmHg) 31.8 0.059 55.3 0.080 37.8 0.203 27.9 0.011 54.1 0.121

# Comparison of the means or % of the sample within the higher levels of adherence (i.e., upper tertiles) to each dietary-lifestyle pattern; p-value of Pearson’s chi-squared test (for
categorical variables) or paired t-test (for continuous variables).
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4. Discussion

Our study provides an insight into changes in diet quality after two years and the asso-
ciations of those changes with adiposity and metabolic outcomes. After two years, positive
or negative changes in diet quality were observed in three out of four DLPs. Considering
that none of socio-economic and demographic status factors as well as other lifestyle factors
(smoking, physical activity, screen-time) changed significantly over the two-year period
(Table 1), it can be assumed that any changes observed within the health outcomes were
mainly diet- and age-related. Diet improvement (nHDI decrease) was observed only in
men from the “sandwiches and convenient foods” DLP and was associated with improved
fasting blood glucose level. This suggests that even small dietary changes, manifested
by a reduction in the frequency of unhealthy foods consumption, over a relatively short
period of time (two years) may help in regulating glucose homeostasis. Furthermore, we
did not observe worsening of the adiposity or other metabolic outcomes in this group,
which implies a successful body weight maintenance over the course of two years. When
compared with baseline results, the mean BMI of men with the highest adherence to this
pattern remained stable (26.1 kg/m?, before and after) and there was no significant increase
in the proportion of men with overweight or obesity (Table S4). These findings are very
promising, as one of the primary strategies for diabetes remission is weight loss of >10% of
body weight [43]. In our sample we observed an improvement in glycemic control without
changes in body weight, suggesting that the diet composition itself may have a protective
effect. This supports our previous findings that diet composition is an independent factor
in increasing metabolic risk in young adults [44].

The worsening of the diet (pHDI decrease) was observed in men from two DLPs:
‘protein food, fried-food and recreational physical activity” and ‘healthy diet, activity at
work, former smoking’. In the first group, a decrease in diet quality was only associated
with the increased proportion of men with an excess of visceral fat tissue, but this was not
reflected in the mean value (before-after) comparison. Perhaps, the recreational physical
activity diminished the impact of negative dietary changes on health. It needs to be noted
that when the pHDI decreased, the nHDI did not increase, which can be interpreted as
a slight reduction in the frequency of healthy food consumption (included in the pHDI
score), but no increase in the consumption of unhealthy foods (included in the nHDI score).
In the second group, the decrease in the pHDI was associated with the worsening of central
obesity paameters (WC, WHtR and volume of visceral fat tissue). Men with the highest
adherence to this pattern were characterised as physical workers, which may imply that
there might be different responses to dietary changes, depending on the type of physical
activity. This is an interesting finding which seemed to be supported by the results from a
recent meta-analysis, which has shown that high levels of occupational physical activity
may have a detrimental effect on men’s health, even when adjusted for confounding
factors [45]. The authors found that high level of occupational physical activity increased
the risk of early mortality in men by 18%, compared to those with lower levels of physical
activity at work [45].

The diet quality of men from the ‘fast foods and stimulants’ remained stable; there
were no changes in both scores, pHDI and nHDI. This pattern was interpreted as having
potentially negative impacts on health, therefore its negative impact on health was ex-
pected. The current study demonstrated that the pattern was associated with an increase
in central adiposity parameters after two years. Moreover, an increase was observed in
the systolic blood pressure. Given this DLP composition, which included energy drinks,
alcohol, fast foods (high in sodium) as well as current and past smoking, this is not an
unexpected finding. All components of the pattern could be considered as stimulants with
a documented hypertensive effect on blood pressure [46-49]. Worryingly, the adherence to
this pattern was higher in younger men (18-30 years old), and yet, the changes have already
started to manifest, after only two years, potentially triggering other pro-inflammatory
processes which may resurface as they age, if the dietary behaviours remain unchanged.
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Strenghts and Limitations

The main strength of the study is a comprehensive approach in looking at lifestyle
behaviours and their associations with metabolic health. Apart from the diet, the study
took into account other lifestyle behaviours with documented effect on health (physical
activity, smoking, alcohol and daily screen time) as well as family socio-economic and
demographic factors. Since none of the above confounding factors, apart from age, seemed
to change significantly over the two-year period, it allowed us to conclude that diet was an
isolated factor potentially contributing to health-related changes.

The main limitation of our study is a relatively small sample size, however, there are
some indicators that conclusions can be drawn with a reasonable amount of confidence.
Firstly, dietary-lifestyle patterns were derived from the baseline sample of 358 men. Con-
sidering that the suggested rule of thumb regarding subject-to-item ratio in PCA analysis
should be at least 10:1 [50], in our study, the ratio was 14:1. Secondly, just over a ¥4 of men
(95) from the baseline sample returned for the follow-up data collection after two years.
We have performed several comparison analyses: (i) total sample vs. follow up sample at
baseline; (ii) follow-up sample at baseline vs. follow-up sample after two years (Table 1);
and (iii) follow-up sample at baseline vs. drop-out (Table S2). The latter analysis was key
for identifying the differences between men who returned for the study and those who did
not. No differences between the groups were detected in terms of lifestyle behaviours (with
the exception of screen time) and adiposity characteristics, which we believe were the most
crucial for the main analysis. The changes regarding screen time could be related to the fact
that the follow-up recruitment that was carried out between the lockdowns, when people
changed their screen-related routines. The only differences in metabolic health between
drop out and those who returned were related to lipid profiles: those who did not return
had lower cholesterol levels and higher triglyceride concentrations, which again seems
inconsistent in terms of concluding that those with health concerns were more likely to
return or leave. We do agree that attrition bias might be a concern due to differences in
socioeconomic differences. Among those who did not return, a higher percentage was in
a younger age group, lower education group and lived in small towns and rural areas.
Despite potential concerns regarding the study’s internal and external validity, the results
reflected physiological changes in young men based on their diet trajectory and described
an alternative approach for studying the effects of lifestyle behaviours on health.

Thirdly, it might be argued that the number of participants in the follow-up cohort
within each tertile of the dietary-lifestyle patterns was not prolific, ranging from 23 to
41 men. However, as explained in Section 2.6, the post hoc analysis proved these numbers
to be sufficient for the analysis of changes in mean values but should be carefully interpreted
in terms of changes in percentage distributions of the sample. Sample sizes of around
30 subjects can be sufficient to detect dietary changes if a reliable dietary intake assessment
tool is used. In our study we used the validated KomPAN® questionnaire [26] and its
predefined diet quality scores, previously used in various populations [33,51]

Lastly, the study is of cross-sectional nature with added longitudinal perspective,
focusing on young men, hence the results should not be widely generalised. On the other
hand, it is a comprehensive snapshot of the complex matrix of diet and lifestyle behaviours
interlinked with health and family outcomes in this specific demographic.

5. Conclusions

In the 2-year perspective, positive and negative changes were observed in diet quality.
Improvement in diet quality was associated with improved glycemic control, despite no
changes in body weight. Worsening of the diet quality or maintenance of unhealthy dietary
behaviours were associated with deterioration of metabolic health. The key message from
this study is that even small changes in diet over a short period of time can have an effect
on adiposity and metabolic outcomes in young men. Hence, when designing lifestyle
interventions, the evidence-based approach should be considered to best address the needs
and specificity of the target group. Further studies are needed to understand the biological,
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social, and psychological reasons for the clustering of lifestyle behaviours in sex and-age
specific groups as well as to provide insight into the mechanisms of the synergistic and
cumulative effects on health.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/ijerph192013647/s1. Table S1. Answer categories of lifestyle
behaviours variables—supplement; Table S2. Comparison of participating men who returned for
the follow-up study (sub-sample before) vs. men who did not return for the follow-up stage (drop
out) (means and SD or number of subjects and % of the sample). Table S3. Characteristics of
the total sample by age groups at baseline (number of subjects and % of the sample); Table S4.
Adherence to upper tertiles of dietary-lifestyle patterns by family socioeconomic and demographic
status: prevalence ratios (95% Confidence Intervals); higher vs. lower adherence; * p < 0.05. Table S5.
“Protein food, fried-food and recreational physical activity” pattern: diet quality scores, family
socio-economic and demographic status, and adiposity and metabolic outcomes at baseline and
after 2 years across the adherence to the pattern; Table S6. “Sandwiches and convenience foods”
pattern: diet quality scores, family socio-economic and demographic status, adiposity and metabolic
outcomes at baseline and after 2 years across the adherence to the pattern; Table S7. “Fast foods and
stimulants” pattern: diet quality scores, family socio-economic and demographic status, adiposity
and metabolic outcomes at baseline and after 2 years across the adherence to the pattern; Table S8.
“Healthy diet, activity at work, former smoking” pattern: diet quality scores, family socio-economic
and demographic status, and adiposity and metabolic outcomes at baseline and after 2 years across
the adherence to the pattern.
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